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PREFACE  TO  THE  FIRST  EDITION 


The  volume  here  presented  is  primarily  a  treatise  on  the  funda- 
mental laws  and  technique  of  Bacteriology,  as  illustrated  by  their 
application  to  the  study  of  pathogenic  bacteria. 

So  ubiquitous  are  the  bacteria  and  so  manifold  their  activities 
that  Bacteriology,  although  one  of  the  youngest  of  sciences,  has 
already  been  divided  into  special  fields — ^Medical,  Sanitary,  Agricul- 
tural, and  Industrial — having  little  in  common,  except  problems  of 
general  bacterial  physiology  and  certain  fund|unental  technical 
procedures. 

From  no  other  point  of  approach,  however,  is  such  a  breadth  of 
conception  attainable,  as  through  the  study  of  bacteria  in  their 
relation  to  disease  processes  in  man  and  anim^.  Through  such  a 
study  one  must  become  familiar  not  only  with  the  growth  character- 
istics and  products  of  the  bacteria  apart  from  the  animal  body,  thus 
gaining  a  knowledge  of  methods  and  procedures  common  to  the 
study  of  pathogenic  and  non-pathogenic  organisms,  but  also  with 
those  complicated  reactions  taking  place  between  the  bacteria  and 
their  products  on  the  one  hand  and  the  cells  and  fluids  of  the  animal 
body  on  the  other — ^reactions  which  often  manifest  themselves  as 
symptoms  and  lesions  of  disease  or  by  visible  changes  in  the  test  tube. 

Through  a  study  and  comprehension  of  the  processes  underlying 
these  reactions,  our  knowledge  of  cell  physiology  has  been  broadened, 
and  facts  of  inestimable  value  have  been  discovered,  which  have 
thrown  light  upon  some  of  the  most  obscure  problems  of  infection 
and  immunity  and  have  led  to  hitherto  unsuspected  methods  of 
treatment  and  diagnosis.  Thus,  through  Medical  Bacteriology — that 
highly  specialized  oifshoot  of  General  Biology  and  Pathology — have 
been  given  back  to  the  parent  sciences  and  to  Medicine  in  general 
methods  and  knowledge  of  the  widest  application. 

It  has  been  our  endeavor,  therefore,  to  present  this  phase  of  our 
subject  in  as  broad  and  critical  a  manner  as  possible  in  the  sections 
dealing  with  infection  and  immunity  and  with  methods  of  biological 
diagnosis  and  treatment  of  disease,  so  that  the  student  and  practi- 
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tioner  of  medicine,  by  becoming  familiar  with  underlying  laws  and 
principles,  may  not  only  be  in  a  position  to  realize  the  meaning  and 
scope  of  some  of  these  newer  discoveries  and  methods,  but  may  be 
in  better  position  to  decide  for  themselves  their  proper  application 
and  limitations. 

We  have  not  hesitated,  whenever  necessary  for  a  proper  under- 
standing of  processes  of  bacterial  nutrition  or  physiology,  or  for 
breadth  of  view  in  considering  problems  of  the  relation  of  bacteria 
to  our  food  supply  and  environment,  to  make  free  use  of  illustrations 
from  the  more  special  fields  of  agricultural  and  sanitary  bacteriology, 
and  some  special  methods  of  the  bacteriology  of  sanitation  are  given 
in  the  last  division  of  the  book,  dealing  with  the  bacteria  in  relation 
to  our  food  and  environment. 

In  conclusion  it  may  be  said  that  the  scope  and  arrangement  of 
subjects  treated  of  in  this  book  are  the  direct  outcome  of  many  years 
of  experience  in  the  instruction  of  students  in  medical  and  in 
advanced  university  courses  in  bacteriology,  and  that  it  is  our  hope 
that  this  volume  may  not  only  meet  the  needs  of  such  students 
but  may  prove  of  yalue  to  the  practitioner  of  medicine  for  whom 
it  has  also  been  written. 

It  is  a  pleasure  to  acknowledge  the  courtesy  of  those  who 
furnished  us  with  illustrations  for  use  in  the  text,  and  our  indebted- 
ness to  Dr.  Gardner  Hopkins  and  Professor  Francis  Carter  Wood 
for  a  number  of  the  photomicrographs  taken  especially  for  this  work. 

P.  11.  H.,  Jr., 
H.  Z. 


PREFACE  TO  THE  FIFTH  EDITION 

Thb  present  or  Fifth  Edition  of  the  Textbook  op  Bacterioloot 
represents  an  almost  complete  rewriting  of  the  book.  The  four 
preceding  editions-  were  in  each  case  altered  and  brought  np  to 
date  from  time  to  time,  but  in  all  of  them  the  original  plan  of  presen- 
tation, conceived  at  the  first  writing,  was  preserved.  In  the  present 
edition  many  and  important  additions  of  material  and  changes  in 
manner  of  presentation  have  been  made. 

Bacteriology  and  the  reasoning  based  on  bacteriological  and  im- 
munological discoveries  have  become  more  and  more  closely  interwoven 
with  the  clinical  and  public  health  aspects  of  infectious  diseases. 
Indeed,  if  this  had  not  been  sufficiently  apparent  before  1914,  the 
experiences  of  the  late  war  have  demonstrated,  conclusively,  how  im- 
possible it  is  to  organize  either  hospitals  for  infectious  diseases  or 
organizations  for  the  control  of  epidemics  without  the  intimate 
participation  of  men  trained  in  bacteriology.  It  seems  to  us,  also, 
to  have  become  apparent  that  the  bacteriologist  who  takes  an  active 
part  in  the  work  of  a  hospital  or  in  directing  sanitary  undertakings, 
must  have  a  very  thorough  understanding  of  the  clinical  and  public 
health  aspects  of  the  problem  as  a  whole. 

The  conception  upon  which  the  preparation  of  the  new  edition  of 
the  book  has  been  based,  therefore,  is  the  belief  that  no  thorough 
understanding  of  the  clinical  problems  of  infectious  disepse  or  of 
larger  public  health  measures  can  be  attained  without  thorough 
familiarity  with  the  bacteriological  and  immunological  facts  upon 
which  clinical  and  sanitary  reasoning  must  be  based.  The  book 
represents,  therefore,  in  a  brief  way,  an  attempt  to  correlate  a  labora- 
tory knowledge  with  the  branches  of  medicine  and  prophylaxis  to 
which  it  is  most  directly  applicable. 

We  have  felt  that  a  Textbook  of  Bacteriology,  primarily  aimed  at 
the  needs  of  medical  students  and  physicians,  may  be  regarded 
as  neglecting  a  great  opportunity  or,  perhaps,  even  an  obligation,  if 
it  omits  emphasis  upon  prevention.  In  order  to  accomplish  this  purpose 
it  has  been  necessary  to  add  brief  clinical  data  in  the  case  of  each 
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variety  of  infection  and  to  incorporate  in  the  more  important  chapters, 
brief  discuSBions  of  the  principles  underlying  sanitary  procedure. 

In  the  sections  on  technique  we  have  eliminated  many  methods 
which  we  have  ceased  to  use  ourselves.  At  the  laboratory  of  the 
Bacteriological  Department  of  the  Medical  School  of  Columbia  Uni- 
versity we  have  had  the  opportunity  of  having  advanced  students 
and  sta£f  try  out  a  great  many  bacteriological  procedures  and  have, 
in  consequence,  been  able  to  eliminate  a  number  of  methods  that,  as 
matters  of  routine,  have  been  practically  dropped  from  our  practice. 
We  have  considerably  simplified  the  section  on  media.  The  newer 
methods  of  titration  have  been  added. 

The  immunologieal  section  has  been  considerably  changed  and  we 
think  simplified.  It  is  not  the  purpose  of  a  book  of  this  kind  to  pre- 
sent a  critical  thesis  on  theoreticftl  immunity.  We  have,  therefore,  re- 
stricted ourselves  to  the  exposition  of  the  more  important  principles 
and  practical  methods  needed  by  routine  laboratory  workers.  Short 
sections  on  the  normal  bacterial  flora  of  the  human  body  have  been 
added,  with  particular  consideration  of  the  important  work  done  in 
recent  years  by  Herter,  Kendall,  Rettger  and  others.  Most  of  the 
sections  dealing  with  the  pathogenic  microorganisms  themselves  have 
been  completely  rewritten  and  the  order  of  presentation  consid- 
erably altered  in  order  to  bring  together,  more  logically,  infections 
which  are  usually  considered  together  from  the  clinical  point  of 
view.  The  diagnostic  and  therapeutic  principles  in  which  bacteri- 
ological and  immunological  reasoning  and  technique  are  involved  have 
been  thoroughly  dealt  with. 

The  section  on  Protozoa  has  been  completely  revised  by  one  of  us 
along  the  same  general  lines  adopted  for  the  revision  of  the  bacteri- 
ological section. 

The  writers  realize  that  the  inclusion  of  clinical  and  epidemio- 
logical data  in  a  Textbook  of  Bacteriology  is  considerably  at  variance 
with  the  usual  treatment  given  to  the  subject  in  books  of  this  kind. 
But  it  is  hoped  that  this  manner  of  treatment  will  add  considerably  to 
the  value  of  the  book  for  those  who  are  interested  in  microorganisms 
particularly  in  their  relationship  to  clinical  and  preventive  medicine. 

In  conclusion  greatful  acknowledgment  is  made  to  a  number  of 
our  associates  in  the  Department  of  Bacteriology  at  Columbia  for 
valuable  aid  in  the  preparation  of  this  Edition.  Dr.  J.  G.  Hopkins, 
Associate  in  the  Department  who  has  been  working  with  the  patho- 
'— nic  molds,  has  rewritten  the  section  dealing  with  these  organisms. 
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Dr.  J.  Howard  Mueller,  Assistant  Professor  of  Bacteriology,  has 
critically  revised  the  sections  dealing  with  the  chemical  metabolism,  of 
bacteria,  and  Miss  Ann  Kuttner,  Instructor  in  the  department,  has 
elaborated  and  revised  the  chapter  dealing  with  the  anaerobic  in- 
fections which  have  gained  such  an  important  place  in  the  study  of 
traumatic  injuries.  We  are  indebted  to  Dr.  Oscar  Teague  for  valuable 
suggestions  in  connection  with  the  chapters  on  cholera  and  plague. 

Hans  Zinsser 
Fbedebick  F.  Russell 
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CHAPTER  I 

THE  DEVELOPMENT  AND  SCOPE  OF  BACTERIOLOGY 

As  we  trace  back  to  their  ultimate  origins  the  lines  of  develop- 
ment of  living  beings  of  the  animal  and  plant  kingdoms,  we  find  them 
converging  toward  a  common  type,  represented  by  a  large  group  of 
tmicellular  organisms,  so  simple  in  structure,  so  unspecialized  in 
function,  that  their  classification  in  either  the  realm  of  plants  or  that 
of  animals  becomes  little  more  than  an  academic  question.  How- 
ever, even  such  microorganisms,  in  which  the  functions  of  nutrition, 
respiration,  locomotion,  and  reproduction  are  concentrated  within 
the  confines  of  a  single  cell,  and  in  which  adaptation  to  special  con- 
ditions more  readily  brings  about  modifications  leading  to  the  pro- 
duction of  a  multitude  of  delicately  graded  transitional  forms,  fill 
into  groups  which,  either  in  structure  or  in  biological  attributes  show 
evidence  of  a  tendency  toward  one  or  the  other  of  the  great  kingdoms. 

Most  important  of  these  unicellular  forms,  for  the  student  of 
medical  science,  are  the  bacteria  and  the  protozoa. 

The  former,  by  reason  of  their  undifferentiated  protoplasm,  their 
occasional  possession  of  cellulose  membranes,  their  biological  ten- 
dency to  synthetize,  as  well  as  to  break  down  organic  compounds, 
and  because  of  the  transitional  forms  which  seem  to  connect  them 
directly  with  the  lower  plants,  are  generally  placed  in  the  plant 
kingdom.  The  latter,  chiefly  on  the  basis  of  metabolism,  are  classi- 
fied with  the  animals. 

Knowledge  of  the  existence  of  microorganisms  as  minute  as  the 
ones  under  discussion  was  of  necessity  forced  to  await  the  perfec-- 
tion  of  instruments  of  magnification.  It  was  not  until  the  latter  half 
of  the  seventeenth  century,  therefore,  that  the  Jesuit,  Kircher,  in 
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^^4  4f,/l  f (r,/  thiU'lt  llFM'«'/lrft|w;r,  van  Ijecuwenhoek,  in  1675,  actually 
/•»•'/  4^»/l  /|/4/'^)^/rf'/|  livifiK  U;inK»  too  Mmall  to  be  seen  with  the  naked 
V^  ^h^^^f'  f^Hu  \tt'  u't  t\ttM\A  tfial  ih<'  Hmall  bodies  seen  by  these  men 
4A/J  f^^v^  //»*/»/  Uhm^'AShif.  mU'M'morn  were,  at  least  in  part,  bacteria. 
^hA  r^fA^^A  fr*«  A»'%f*r\piU9m  and  illustrations  of  several  of  the 
A4¥\f^^  0r/f^V*'fH  ffornmiHtfui  with  many  of  the  forms  which  are  well 
//r/^wA  */r  fr«  *f  fl**'  \fft^*ui  day. 

if'f^'thU  ^^'^  /"tttiury  folUtwlnif  the  work  of  these  pioneers,  the 
^^utU  //f  '9h  rtni^t(Mftfrn  lay  r^hj^'fly  in  the  more  exact  morphological 
A^4i/. ^'^f^i^/h  of  WfHf*'  of  ihtr  fortnn  of  unicellular  life,  already  known. 
^  tth*\hf^uttuA  tffftohu  ffM'  work  of  thia  period  is  that  of  Otto  Friedrich 
yfi'fit/'^  ih  fh/'  ttitit'tniUm  followiuK  MuUer's  work,  however,  a 
//,4^yA/>  k/h/tftft*  Ut  Ihi'  nitiAy  of  these  forms  was  made  by  Ehren- 
pf^^0.'  t*hh  A«ra^f)M^^(fl  a  /'laiwlfl^ation  which,  in  some  of  its  cardinal 
/^>«V///f**,  U  ^*.fa>r»/'/(  m\\\\  the  pre«5nt  day. 

l4^fth^Mt<  Ml*/  rt'Uttlhrliy  with  which  these  "animalcula"  or 
^^fOffHt^Oh  khUttnU'UlH*'  W4'rt*  d«?monMtrable  in  tartar  from  the  teeth, 
fh  tftUvthhttt  tofiU'tiiH,  Ui  w#'ll-wnter,  etc.,  had  begrun  to  arouse  in  the 
thUifU  *f9  lU^i  m*m*  MflvAfK'Hl  phyftieiana  of  the  time  a  suspicion  as  to 
H  fffttt^ihlt'  tt\ttl\imtiU\ii  of  Hk'Hc  minute  forms  with  disease.  The  eon- 
fffifUth  ttf  "''oo^aifJoii/'  or  IranHmiHsion  of  a  disease  from  one  human 
h^Utif  U*  Huo\\wr,  w»n,  howevi^r,  even  at  this  time,  centuries  old.  The 
$Ht^  Uh4\  h'fit  rt't'oituht'fl  by  Aristotle,  had  been  reiterated  by 
ht*AU.'fk\  ithUomittUt'vn,  and  had  led,  in  1546,  to  the  division  of  con- 
Imthtm  iWntHHtn  by  Kraeantor,  into  those  transmitted  "per  contac- 
»oo*,"  Hhi\  Ibow  <'OMV«yed  indirectly  "per  fomitem."  It  was  for 
M»/«/  0(V*l"rlo»m  fiwtK  of  the  transmissibility  of  disease,  that  clini- 
i\HiiH  itf  iUtt  itlKiiti'i-n1h  I'ciitury,  with  remarkable  insight,  saw  an 
t  ^ItitttiitUno  Iti  ihii  inlcroorfcanisms  discovered  by  Leeuwenhoek  and 

hi  fdi'l,  VU'Uvh  of  Vienna,  writing  in  1762,  not  only  expressed  a 
III  II*  r  lo  lliti  <|lr*M»l  etiological  connection  between  microorganisms 
nm\  iHOMii  tWm'nni'H,  but  was  the  first  to  advance  the  opinion  that  each 
iuii\Ht\y  Unt\  llN  own  specific  causal  agent,  which  multiplied  enor- 
wnmh  Im  (1m*  (liNi'iiKed  body.  The  opinions  of  this  author,  if  trans- 
IhIcI  hilii  llii'  languago  of  our  modern  knowledge  of  the  subject, 
» mm  I  *  MiHrliHbly  near  to  the  truth,  not  only  as  regards  etiology  and 
htttotmUwUm,  but  also  in  their  suggestion  of  specific  therapy. 

'I  Ih  roriri'iition  of  a  "contagium  vivxun"  was  thus  practically 
*"l*ii!  Iiiftmioniitierchen, '^  etc.,  Leipzif^,  1838. 
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established  with  the  Mork  of  Plenciz  and  many  others  who  followed 
in  his  train,  hut  the  a^stouishingly  slight  impression  which  the  acute 
reasoning  of  these  men  left  upon  the  medical  thought  of  their  day 
is  illustrative  of  the  futility  of  the  most  penetrating  speculation 
when  uniiupported  by  expi'rimental  data. 

The  real  advancement  in  the  scientific  development  of  the  subject 
was  achieved  along  entirely  diffei*ent  lincH.  In  1837.  Schwann,  a 
lK)tanist,  showed  that  the  yeasts,  found  in  fermenting  substances, 
were  living  beings,  which  l>ore  a  causal  relationsiiip  to  the  process 
of  fermentation.  At  almost  the  same  time,  similar  observations  were 
made  by  a  French  ph>*sicist,  Cagniard-Latonr.  The  opinions  ad- 
vniiced  by  these  men  on  the  nature  of  fermentation  aroused  much 
interest  and  discussion,  since,  at  that  time  and  for  a  long  period 
thereafter,  fermentation  was  ascril>ed  universally  to  protein  decom- 
position, a  process  wliich  was  entirely  obscure  but  firmly  believed  to 
be  of  a  purely  chemical  nature. 

Although  belief  in  the  discovery  of  Schwann  did  not  master  the 
field  until  after  Pasteur  had  completed  his  classical  studies  upon  the 
fermentations  occurring  in  beer  and  wine,  yet  the  conception  of  a 
"fermentiim  vi\iuu'*  aroused  much  speculation,  and  the  attention  of 
physicians  and  scientists  was  attracted  to  the  many  analogies  exist- 
ing between  phenomena  of  fermentation  and  those  of  disease. 

The  conception  of  such  an  analogy,  however,  was  not  a  new 
thought  in  tlie  phihisophy  of  the  time.  Long  before  Schwann  and 
Cagniard-Latour,  the  philosopher  Robert  Boyle,  working  iu  the 
seventeenth  c<'ntury,  had  prophesied  that  the  mystery  of  infectious 
diseases  would  be  solved  by  him  who  should  succeed  in  elucidating 
the  nature  of  fermentation. 

Xevertheless.  tiie  diligent  search  for  miei'oorganisms  in  relation 
to  various  diseases  which  followed  led  to  few  results,  and  the  suc- 
cessen  which  were  attained  were  limited  to  the  diseases  caused  by 
some  of  the  larger  fungi,  favus  (1839),  thrush  (1839).  and  pitynasis 
versicolor  (1846).  During  this  time  of  ardent  but  often  poorly  con- 
trolled etiological  research,  it  was  Henle  who  formulated  the  postu- 
lates of  conservatism,  almost  as  rigid  as  the  later  postulates  of  Koch, 
requiring  that  proof  of  the  etiological  relationship  of  a  microorgan- 
iatn  to  a  disease  could  not  be  brought  merely  by  finding  it  in  a  lesion 
of  the  disease,  but  that  constant  presence  in  such  lesions  must  be 
proven  and  isolation  and  study  of  the  microorganism  away  from  the 
diseased  body  must  be  carried  out. 
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It  was  during  this  period  also  that  one  of  the  most  fundamental 
questions,  namely,  that  of  the  origin  of  these  minute  living  beings, 
was  being  discussed  with  much  passion  by  the  scientific  world.  It 
was  held  by  the  conservative  majority  that  the  microorganisms  de- 
scribed by  Leeuwenhoek  and  others  after  him  were  produced  by 
spontaneous  generation.  The  doctrine  of  spontaneous  generation,  in 
fact,  was  solidly  established  and  sanctified  by  tradition,  and  had  been 
applied  in  the  past  not  alone  to  microorganisms.'  And  it  must  not  be 
forgotten  that  without  the  aid  of  our  modem  methods  of  study,  satis- 
factory proof  for  or  against  such  a  process  was  not  easily  brought. 

Needham,  who  published  in  1749,  had  spent  much  time  in  fortify- 
ing his  opinions  in  favor  of  spontaneous  generation  by  extensive 
experimentation.  He  had  placed  putrefying  material  and  vegetable 
infusions  in  sealed  flasks,  exposing  them  for  a  short  time  to  heat,  by 
immersing  them  in  a  vessel  of  boiling  water,  and  had  later  shown 
them  to  be  teeming  with  microorganisms.  He  was  supported  in  his 
views  by  no  less  an  authority  than  Buffon.  The  work  of  Needham, 
however,  showed  a  number  of  experimental  inaccuracies  which  were 
thoroughly  sifted  by  the  Abb6  Spallanzani.  This  investigator  re- 
peated the  experiments  of  Needham,  emplo3ring,  however,  greater 
care  in  sealing  his  flasks,  and  subjecting  them  to  a  more  thorough 
exposure  to  heat.  His  results  did  not  support  the  views  of  Needham, 
but  were  answered  by  the  latter  with  the  argument  that  by  excessive 
heating  he  had  produced  chemical  changes  in  his  solutions  which  had 
made  spontaneous  generation  impossible. 

The  experiments  of  Schulze,  in  1836,  who  failed  to  find  living 
organisms  in  infusions  which  had  been  boiled,  and  to  which  air  had 
been  admitted  only  after  passage  through  strongly  acid  solutions, 
and  similar  results  obtained  by  Schwann,  who  had  passed  the  air 
through  highly  heated  tubes,  were  open  to  criticism  by  their  oppo- 
nents, who  claimed  that  chemical  alteration  of  the  air  subjected  to 
such  drastic  influences  had  been  responsible  for  the  absence  of  bac- 
teria in  the  infusion.  Similar  experiments  by  Schroeder  and  Dusch, 
who  had  stoppered  their  flasks  with  cotton  plugs,  were  not  open  to 

*  VaUeri-Badot,  in  his  life  of  Pasteur,  states  that  Van  Helmont,  in  the  six- 
teenth century,  had  given  a  celebrated  prescription  for  the  creation  of  mice 
from  dirty  linen  and  a  few  grains  of  wheat  or  pieces  of  cheese.  During  the  centu- 
ries following,  although,  of  course,  such  remarkable  and  amusing  beliefs  no  longer 
held  sway,  nevertheless  the  question  of  spontaneous  generation  of  minute  and 
Btructureless  bodies,  like  the  bacteria,  stm  found  learned  and  thoughtful  partisans. 
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this  objection,  but  had  also  failed  to  convince.  The  question  was  not 
definitely  settled  until  the  years  immediately  following  I860,  when 
Pasteur  conducted  a  series  of  experiments  which  were  not  only  im- 
portant in  incontrovertibly  refuting  the  doctrine  of  spontaneous 
generation,  but  in  establishing  the  principles  of  scientific  investiga* 
tion  which  have  influenced  bacteriological  research  since  his  time.' 

Pasteur  attacked  the  problem  from  two  points  of  view.  In  the 
first  place  he  demonstrated  that  when  air  was  filtered  through  cotton- 
wool innumerable  microorganisms  were  deposited  upon  the  filter.  A 
single  shred  of  such  a  contaminated  filter  dropped  into  a  fiask  of  pre- 
viously sterilized  nutritive  fluid  sufficed  to  bring  about  a  rapid  and 
luxuriant  growth  of  microorganisms.  In  the  second  place,  he  suc- 
ceeded in  showing  that  similar,  sterilized  "putrescible"  liquids,  if 
left  in  contact  with  air,  would  remain  uncontaminated  provided  that 
the  entrance  of  dust  particles  were  prohibited.  This  he  succeeded  in 
doing  by  devising  flasks,  the  necks  of  which  had  been  drawn  out  into 
fine  tubes  bent  in  the  form  of  a  U.  The  ends  of  these  U-tubes,  being 
left  open,  permitted  the  sedimentation  of  dust  from  the  air  as  far  as 
the  lowest  angle  of  the  tube,  but,  in  the  absence  of  an  air  current, 
no  dust  was  carried  up  the  second  arm  into  the  liquid.  In  such  flasks, 
he  showed  that  no  contamination  took  place  but  could  be  immedi- 
ately induced  by  slanting  the  entire  apparatus  until  the  liquid  was 
allowed  to  run  into  the  bent  arm  of  the  U-tube.  Finally,  by  exposing 
a  series  of  flasks  containing  sterile  yeast  infusion,  at  different  atmos- 
pheric levels,  in  places  in  which  the  air  was  subject  to  varying 
degrees  of  dust  contamination,  he  showed  an  inverse  relationship 
between  the  purity  of  the  air  and  the  contamination  of  his  flasks 
with  microorganisms. 

The  doctrine  of  spontaneous  generation  had  thus  received  its 
final  refutation,  except  in  one  particular.  It  was  not  yet  clear  why 
complete  sterility  was  not  always  obtained  by  th6  application  of 
definite  degrees  of  heat.  This  final  link  in  the  chain  of  evidence  was 
supplied,  some  ten  years  later,  by  Colin,  who,  in  1871,  was  the  first  to 


*In  a  letter  to  his  foremost  opponent,  at  this  period,  Pasteur  writes:  "In 
experimental  science,  it  is  always  a  mistake  not  to  doubt  when  facts  do  not  compel 
affirmation. '  * 

The  critical  spirit  pervading  the  scientific  thought  of  that  time  in  France  is 
also  well  expressed  br  Oliver  Wendell  Holmes,  who  said  that  he  had  learned  three 
things  in  Paris :  *  *  Xot  to  take  authority  when  I  can  have  facts,  not  to  guess  when 
I  ean  know,  and  not  to  think  that  a  man  must  take  physic  because  he  is  sick." 


*a«.-;:nal  spores  and  to  demonstrate 
ik^v.rist  heat  and  other  deleterious 

^\V,\  his  roBcarelies  upon  sponta- 
^-  X  on  oxperimeuts  upon  the  subject 


.t^-sTod  by  ( 'agniard-Latour.  As  a 
"Y  not  only  confirmed  the  opinions 
v,"i  t'oniH'rning  the  fermentation  of 
\  ■•  *s  aMo  to  show  that  a  number  of 
^x  »'-«a.-  of  laetic  and  butyric  acid,  as  well 
.^  ^  roAiior  by  putrefaction,  were  directly 
X .  vjt  *.»ms.  It  was  the  discovery  of  the 
.  v.Ai'tion.  especially,  which  exerted  the 
■ .-  irnHlioal  research  of  the  day.  This  is 
-V  Ti-.o  suppurative  proc<'8scs  occurring 
^^  Nvii  n^garded  as  a  species  of  putrefac- 
X  ■«  dirertly  upon  the  promises  supplied 
'  .v:a  the  active  and  prophylactic  trcat- 
/  jsntiseptic  principles  which  alone  Jiave 


\\>.V 


.viod  in  whicli  bacteriological  investiga- 

..V".  pivblems  of  etiology.     Stimulated  by 

^^    \    o  ^ivherished  hope  of  finding  some  specific 

\     ,»  v>j*I  agent  in  each  infectious  disease  was 

XV    i»*o  rt^H^rtiMl  the  presence  of  ro<l-shaped  bodies 

.,v  t  •■  Animals  dea<l  of  anthrax.    Hrauell,  several 
v'"'-ir  observations  and  had  expressed  definite 

,...-v*.t^*^  n^lationshi])  of  these  rods  to  the  disease. 

J,..,,  wr.  had  not  been  brought  by  either  of  these 
,     :.  "iStili.  Havainc,  in  a  series  of  brilliant  investi- 

^, .  iM,sioil  the  observations  of  the  two  authoi-s 

\,  <;oeeedcd  in  demonstrating  that  the  disease 
..^.  ^»  means  of  blood  containing  these  rods  and 
.*  ,.x"5:ted  by  blood  from  which  these  rods  were 

.».:.-*.  is  the  first  disease  in  which  definite  proof  of 
..  ..  IS  brought. 

.,»     *•,'  French  Academy  of  Medicine  at  this  time, 
^jit  the  manifestations  of  the  diHeas(!  might  in 

u-  n'sults  of  a  speeifie  fermentation  prodneed  by 
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the  bacilli  he  had  found.  This,  in  a  crude  way,  expreast's  the  modern 
conception  of  infectious  disease. 

Within  a  few  years  after  this,  1868,  the  adherents  of  the  parasitic 
theory  of  infectious  diseases  were  further  encouraged  by  the  dis- 
covery, by  Obermeier,  of  a  spirillum  in  the  blood  of  patients  suffering 
from  relapsing  fever.  It  is  not  surprising  that  the  successes  attained 
in  these  diseases,  fostering  hope  of  analogous  results  in  all  other 
similar  conditions,  but  without  the  aid  of  adequate  experimental 
methods,  should  have  led  to  many  unjustified  claims  and  to  much 
fantastic  theorizing.  Thus  Hallicr,  at  about  this  time,  advanced  a 
theory  as  to  the  etiology  of  infectious  diseases,  in  which  he  attril>- 
uted  all  such  conditions  to  the  molds  or  hyphomycetes,  regarding 
the  smaller  form  or  bacteria  as  developmental  stages  of  these  more 
complicated  forms.  Extravagant  conjectures  of  this  kind,  however, 
did  not  maintain  themselves  for  any  length  of  time  in  the  light  of  the 
critical  attitude  which  was  already  pervading  bacteriological  re- 
search. 

Progress  was  made  dui-iug  the  years  immediately  following, 
chiefly  in  the  elucidation  of  suppurative  proee.ssos.  Rindfleiseh,  von 
Recklinghausen,  and  Wakifver.  almost  simultaneously,  described 
bodies  which  they  observed  in  sections  of  tissue  containing  abscesses, 
and  which  they  believed  to  1)e  microorganisms.  Notable  support  was 
given  to  their  opinion  by  similar  observations  made  upon  pus  by 
Klebs,  in  1870.  In  view,  however,  of  the  purely  morpholo^cal  nature 
of  their  studies,  the  opinions  of  these  observei-s  did  not  entirely  pre- 
vail. Satisfactory  methods  of  cultivation  and  isolation  had  not  yet 
l}een  developed,  and  Billroth  and  his  followers,  with  a  conservatism 
entirely  justified  under  existing  conditions,  while  admitting  the  con- 
stant presence  of  bacteria  in  purulent  lesions,  denied  their  etiological 
significance.  The  controvei-sy  that  followed  was  rich  in  suggestions 
which  gi'eatly  facilitated  the  work  of  later  investigators,  but  could 
not  be  definitely  settled  until  1880,  when  Koeh  introduced  the  tech- 
nical methods  which  have  made  bacteriology  an  exact  science.  By 
the  use  of  solid  nutritive  media,  the  isolation  of  bacteria  and  their 
biological  study  in  pure  culture  were  made  possible.  At  about  tlir 
same  time  the  use  of  anilin  dyes,  developed  by  Weigert,  Koch,  and 
Ehrlich,  was  introduced  into  morphological  study  and  facilitated  the 
observation  of  th**  finer  structural  details  which  had  been  unnoticed 
while  only  the  grosser  methods  employed  for  tissue  staining  had  been 
Available. 
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Witli  lhi>  publication  of  Koch '8  work,  X\wve  began  an  ora  un- 
usually rich  in  results  held  in  leash  heretofore  by  inadequate  tech- 
nical methods.  The  discovery  of  the  typhoid  bacillus  in  1880,  of  the 
bacillus  of  fowl  cholera  and  the  pneumococeus  in  the  same  year,  and 
of  the  tubercle  bacillus  in  1882,  initiated  a  series  of  etiological  dis- 
coveries which,  extending  over  not  more  than  fifteen  years,  eluci- 
dated the  causation  of  a  majority  of  thi?  infectious  diseases. 

Coincident  with  the  elucidation  of  etiological  facts  Ix'gan  the 
hiquiry  into  that  field  which  is  now  spoken  of  as  the  science  of 
iniinnnity.  The  phrnnmcna  which  accompany  the  development  of 
insusceptibility  to  bacterial  infections  in  man  and  in  animals,  first 
studied  by  Pasteur»  have  become  the  subject  of  innumerable  re- 
searches and  have  led  to  results  of  the  utmost  practical  value. 

The  problems  which  were  encountered  were  first  studied  from  a 
purely  bacteiiologieal  point  of  view,  but  their  solution  has  shed  light 
upon  biological  principles  of  the  broadest  apjilication.  Investigations 
into  the  properties  of  immune  sera,  while  making  bacteriology  one  of 
the  most  important  branches  of  diagnostic  and  therapeutic  medicine, 
have,  at  the  same  time,  inseparably  linked  it  with  physiology  and 
experimental  pathology. 

By  the  revelations  of  etiological  research,  and  by  the  study  of  the 
biological  properties  of  pathogenic  ba»*teria,  contagion,  an  enemy 
hitherto  unseen  and  mysterious,  was  unmasked,  and  rational  cam- 
paigns of  public  sanitation  and  personal  hygiene  were  made  possible, 
l^pon  the  same  elucidations  has  depended  the  development  of  modern 
surgery — a  scieuee  which  without  asepsis  and  antisepsis  would  have 
been  doomed  to  remain  in  its  medieval  condition. 

Apart  from  its  importance  in  the  purely  medical  sciences,  the 
study  of  the  bacteria  has  shed  beneficial  light,  moreover,  upon  many 
other  fields  of  human  activity.  In  their  relationship  to  decomposi- 
tion, the  conditions  of  the  soil,  and  to  diseases  of  plants,  the  bacteria 
have  been  found  to  occupy  a  condition  of  great  importance  in  agri- 
culture. Knowledge  of  l>aeterial  and  yeast  ferments,  furthermore, 
has  become  the  scientific  basis  of  many  industnes,  chiefly  those  con- 
cerned in  the  production  of  wine.  beer,  and  dairy  products. 

The  scope  of  bacteriology  is  thus  a  wide  one.  and  none  of  its 
various  fields  has.  as  yet,  been  fully  explored.  The  future  of  the 
scienne  is  rich  in  allurement  of  interest,  in  promise  of  result,  and  in 
possible  benefit  to  mankind, 


CHAPTER  II 

GENERAL    MORPHOLOGY,    REPRODXJCTION,    AND    CHEMICAL 
AND  PHYSICAL  PROPERTIES  OP  THE   BACTERIA 

Bacteria  are  exceedingly  minute  unicellular  organisms  which  may 
oecnr  perfectly  free  and  singular,  or  in  larger  or  smaller  aggregations, 
thus  forming  multicellular  groups  or  colonics^  the  individuals  of  which 
are,  however,  physiologically  independent. 

The  cells  themselves  have  a  number  of  basic  or  ground  shapes  which 
may  be  roughly  considered  in  three  main  classes :  The  cocci  or  spheres, 
the  bacilli  or  straight  rods,  and  the  spirilla  or  curved  rod  forms. 

The  cocci  are,  when  fully  developed  and  free,  perfectly  spherical. 
When  two  or  more  are  in  apposition,  they  may  be  slightly  flattened 
along  the  tangential  surface,  giving  an  oval  appearance. 

The  bacilli,  or  rod-shaped  forms,  consist  of  elongated  colls  whose 
long  diameter  may  be  from  two  to  ten  times  as  great  as  their  width, 
with  ends  squarely  cut  off,  as  in  the  case  of  bacillus  anthracis,  or  gently 
rounded  as  in  the  case  of  the  typhoid  bacillus. 

The  spirilla  may  vary  from  small  comma-shaped  microorganisms, 
containing  but  a  single  curve,  to  longer  or  more  sinuous  forms  which 
may  roughly  be  compared  to  a  corkscrew,  being  made  up  of  five,  six 
or  more  curves.  The  turns  in  the  typical  microorganisms  of  this  class 
are  always  in  three  planes  and  are  spiral  rather  than  simply  curved. 

Among  the  known  microorganisms,  the  bacilli  by  far  outnumber 
other  forms,  and  are  probably  the  most  common  variety  of  bacteria  in 
existence.  Many  variations  from  these  fundamental  types  may  occur 
even  under  normal  conditions,  but  contrary  to  earlier  opinions  it  is 
now  positively  known  that  cocci  regularly  reproduce  cocci,  bacilli 
bacilli,  and  spirilla  spirilla,  there  being,  as  far  as  we  know,  no  mutation 
from  one  form  into  another. 

The  size  of  bacteria  is  subject  to  considerable  variation.  Cocci  may 
vary  from  .15  ^to  2.  m  in  diameter.  The  average  size  of  the  ordinary 
pus  coccus  varies  from  .8  n  to  1.2  n  in  diameter.  Fischer  has  given  a 
graphic  illustration  of  the  size  of  a  staphyloccocus  by  calculating  that 
one  billion  micrococci  could  easily  be  contained  in  a  drop  of  water  hav- 
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ing  a  volume  of  one  cubic  millimetiT.  Among  the  bacilli  the  range  of 
size  is  subject  to  rvon  greater  variations.  Probably  the  smallest  of 
the  common  bacilli  Is  the  bacillus  of  inftuenza,  which  measures  about 
.5/1  in  length  by  .2/i  in  thickness.  The  limit  of  the  optical  possi- 
bilities of  the  modern  microscope  is  almost  readied  by  some  of  the 
known  microorganisms,  and  there  are  some  diseases  which  arc  caused 
by  organisms  so  small  as  to  be  invisible  by  any  of  our  present 
methods.  In  fact,  the  virus  causing  the  peripneumonia  of  cattle  has 
been  shown  to  pass  through  the  pores  of  a  Herkefeld  filter,  which 
arc  impenetrable  to  the  smallest  of  the  known  bacteria.*  The  coc- 
coid  or  globoid  botlies  grown  by  Noguchi  from  poliomyelitis  \irufl 
are  small  enough  to  pass  through  such  filters,  but  arc  still  visible  with 
the  highest  lens  magnifications.  Whether  or  not  these  minute  bodies 
should  be  regarded  as  bacteria  is  questionable.  It  seems  likely  tlmt 
they  represeut  au  entirely  different  class  of  organisms.    It  is  worth 


♦"• 
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Fia.  1.— Typks  of  Bactgrial  MoRPHOLoaT. 


mentioning,  also,  that  organisms  like  streptococci  may  show  minute 
forms,  especially  when  grown  under  anaerobic  conditions,  whicii  are 
almost  as  small  as  the  globoid  bodies.  It  seems  a  general  rule  tliat 
anaerobically  grown  cocci  may  assume  smaller  forms. 

MoHPiiOLooY  OP  THE  BACTERIAL  Cell. — AVhcn  uustaiucd,  most; 
bacteria  are  transparent,  colorless,  and  apparently  homogeneous 
bodies  with  a  low  refractive  index.  The  cells  themselves  consist  ofi 
a  mass  of  protoplasm,  surrounded,  in  most  iiistaneea^  by  a  delicate 
cell  membrane. 

The  presence  of  a  nvckuH'  in  bacterial  cells^  though  denied  by 
the  earlier  writers,  has  been  demonstrated  beyond  quvslion  by  Zett- 
now,  Xakanishi,*  and  others.  The  original  opinion  of  Zettnow  was 
that  the  entire  bacterial  body  consisted  of  nuclear  material  inti- 


^  Socard  and  Homt,  Ann.  PftBt.,  12,  IROS. 

*  A,  Finchtr,  Jahrbiiclier  f.  wiwwn.  Botnnik,  xxvii, 

*ynlnnuh%,  MUiioli.  mriK  Wooli.,  vi,  IflOf). 
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mingled  with  the  e>-taphm.    Xhe  opimim  09^^        '  '  y 
'  nt  who  have  studkd  this  phase  of  the  flul^^  s 

ibi!  existencN*  of  an  e«toplaanir  lone  which  incladcs  cell  membrmac 

»ad  flsfeUa,  but  i&  <>>  ^        ' .  a  part  of  th«  evtoplasm.  aitd  mi  «&t4K 
plasm  in  which   i»   i  atfd   the   nuclvar  material     Btttachll* 

claims  to  have  drmonstrated  within  thb  coloplasmic  tBUbntAiice  a 
ivtit^ular  mcithwork.  hetwccn  the  spac«i6  of  which  lie  grannlca  of 
chroniophitic  or  nacii-ar  material.  Confirmation  of  this  opinion  has 
been  brougiit  by  ^^tinow-  and  others.  Nakaniahi,  working  with  a 
Ipecial  stAiuing  method,  asserts  that  some  microorganisms  show 
within  the  entoplaiimic  zone  a  woll-defincd,  minute,  round  or  oval 
nucleus,  which  possesses  a  definitely  characteristic  staining  reaction.* 
In  the  bodies  of  a  large  number  of  bacteria,  notably  in  those  of 
the  diphtheria  group,  Ernst/  Babes,*  and  oth4>rs  have  demonstrated 
granular,  deeply  staining  bodies  now  spoken  of  as  meforJkroMaite 
gnnuUif  or  Babe^-Enut  granultji^  or.  because  of  thiir  frequent  posi- 
tion at  the  ends  of  bacilli,  as  polar  bodU*.  Those  structures  are 
irregular  in  size  and  number,  and  have  a  strong  affinity  for  dyco. 
Tliey  are  stained  distinctly  dark  in  contrast  to  the  rest  of  the  Imms 
terial  cell  with  methylene  blue,  and  may  be  demonstrated  by  the 
special  methods  of  Neisser  and  of  Roux.'  Their  interpretation  has 
been  a  matter  of  much  difficulty  and  of  varied  opinion.  Those  who 
first  observed  them  held  that  they  were  a  part  of  the  nuclear  material 
of  the  cell.  Othei-s  have  regarded  them  as  an  early  stage  in  spore 
formation,  or  as  arthraspores.'*  Again,  they  have  been  interpreted 
as  structures  comparable  to  the  centrosomes  of  other  unicellular 


'BHisckli,  **B«a  ijer  B&kteriea,"  Leipxtg.  IS90. 

•Zcttnow,  Zcit.  f.  Hyg.,  xiiv,  U97. 

'Tbc  method  of  Nakaoishi  is  cmrrietl  out  as  follow:  Tborougbly  dcanard 
fUiIes  ar<«  covered  with  a  Katurateil  aqueous  soUition  of  methylene  blue.  This  i« 
spread  cjvcr  the  slidp  in  an  even  film  and  allowed  to  dry.  After  drrinj?,  the  slide 
•hoold  )>e  of  a  transparent,  skT-blue  color.  The  micTvorgraDtsinv  to  1>o  examined  are 
then  emulsified  in  warm  water,  or  are  taken  from  tbp  fluid  media,  and  drop|M*<l  upon 
a  eovet  slip.  This  is  placed,  face  downward,  upon  the  blue  tn^und  of  the  lUide,  la 
thJK  wavj  bacteria  are  stained  without  fixation.  Xakoni^hi  claims  that  by  this 
method  the  entoplasm  is  stained  blue,  while  the  nuclear  material  appears  of  a  red- 
dish or  purplish  hoc. 

•Jfnwl,  Zeit.  f.  Hvg.,  iv,  1888. 

•See  section  on  stamn,  p.  — . 

•BflfcM,  Zcit.  f.  H^g.,  V,  1889. 

**Sep  fleet  ion  on  sponilation,  p.  16. 
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formfi.  As  a  matter  of  fact,  the  true  nature  of  these  bodies  is  by  no 
means  certain.  They  are  present  most  regularly  in  microorganisms 
taken  from  young  and  vigorous  cultures  or  in  those  taken  directly 
from  the  lesions  of  disease.  It  is  unlikely  that  they  represent  struc- 
tures in  any  way  comparable  to  spores,  since  cultures  containing 
individuals  showing  metachromatic  granules  are  not  more  resistant 
to  deleterious  influences  than  are  others.  Their  abundant  presence 
in  young  vigorous  cultures  may  indicate  a  relationship  between 
them  and  the  growth  energy  of  the  microorganisms.  There  is  no 
proof,  however,  that  these  bodies  affect  the  virulence  of  the  bacteria. 
Cell  Membrane  and  Oapsule.— Actual  proof  of  the  existence  of  a 
cell  membrane  has  been  brought  in  the  cases  of  some  of  the  larger 


Fio.  2. — Bacterial  Cap6uz«es. 


forms  only,"  but  the  presence  of  such  envelopes  may  be  inferred  for 
most  bacteria  by  their  behavior  during  plasmolysis,  where  definite 
retraction  of  the  protoplasm  from  a  well-defined  cell  outline  has  been 
repeatedly  observed.  The  occurrence,  furthermore,  of  so-called 
"shadow  forms*'  which  appear  as  empty  capsules,  and  of,  occasion- 
ally, a  well-outlined  cell  body,  after  the  vegetative  form  has  entirely 
degenerated  in  the  course  of  sporulation,  make  the  assumption  of 
the  presence  of  a  cell  membrane  appear  extremely  well  founded. 
Differing  from  the  cell  membranes  of  plant  cells,  cellulose  has  not, 
except  in  isolated  instances,  been  demonstrable  for  bacteria,  and 
the  membrane  is  possibly  to  be  regarded  rather  as  a  peripheral  pro- 
toplasmic zone,  which  remains  unstained  by  the  usual  manipulations. 


"  Butschlif  loc.  cit. 
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'  ♦tnow,"  who  has  carefully  studied  the  structure  of  some  of  the 

•orms,  takes  the  latter  view,  and  regards  the  "ectoplasmic" 

■•rt  o£  the  cell  protoplasm  devoid  of  nuclear  material. 

-  is  borne  out  by  the  greatly  increased  size  of  the 

by  means  of  special  stains. 

on  shown  to  possess  a  mucoid  or  gelatinous 

*  (fording  to  Migula,*®  such  an  envelope  is 

.  though  it  is  in  only  a  few  species  that  it  is 

oped  and  stable  to  be  easily  demonstrable  and 

When  stained,  the  capsule  takes  the  ordinary 

l»ly  than  does  the  bacterial  cell  body,  and  varies 

<ss,  ranging  from  a  thin,  just  A-isible  margin  to 

vv  five  times  exceeding  the  actual  size  of  the  bac- 

11*.    This  structure  is  perfectly  developed  in  a  limited 

;<'teria  only  in  which  it  then  becomes  an  important  aid 

it  ion.   Jtf  ost  prominent  among  such  bacteria  are  Diplo- 

iimoniae,  Micrococcus  tetragenus,  the  bacilli  of  the  Fried- 

'  oup,  and  B.  aerogenes  capsulatua.^    The  development  of  the 

seems  to  depend  intimately  upon  the  environment  from 

the  bacteria  are  taken.    It  is  most  easily  demonstrable  in 

iirations  of  bacteria  taken  directly  from  animal  tissues  and 

<ls,  or  from  media  containing  animal  serum  or  milk.    If  cultivated 

I  a  prolonged  period  upon  artificial  media,  many  otherwise  capsu- 

iated  microorganisms  no  longer  show  this  characteristic  structure. 

Capsules  may  be  demonstrated  on  bacteria  taken  from  artificial 
media  most  successfully  when  albuminous  substances,  such  as  ascitic 
fluid  or  blood  serum,  are  present  in  the  culture  media,  or  when  the 
bacteria  are  smeared  upon  cover  slip  or  slide  in  a  drop  of  beef  or 
other  serum.**  Most  observers  believe  that  the  capsule  represents  a 
swelling  of  the  ectoplasmic  zone  of  bacteria.  By  others  it  is  regarded 
as  an  evidence  of  the  formation  of  a  mucoid  intercellular  substance, 
some  of  which  remains  adherent  to  the  individual  bacteria  when 
removed  from  cultures.  It  is  noticeable,  indeed,  that  some  of  the 
capsulated  bacteria,  especially  Streptococcus  mucosus  and  B.  muco- 
sus  capsulatus,  develop  such  slimy  and  gelatinous  colonies  that,  when 
these  are  touched  with  a  platiniun  wire,  mucoid  threads  and  strings 


"  Zettnovf,  loc.  cit 

»Af»^«/a,  "Byateme  d.  Bakterien,"  1,  p.  56. 

"  Hi89,  Jour.  Exp.  Med.,  vi.  1905. 


.^.    .    ».-»*:  :>:o  si^nnficance  of  the  capsules 

"*  A.,     -^a«w.  ix>  Iwlicve  that  there  is  a  direct 

..*   -.i?»!«'iation:  cnpsulated  bacteria  are 

1.  .  ^..x-^jjnanMhonon-capsulatedmem- 

"\x:.  Rt  Vorp^  a"^  others  have  shown, 

"^   *!    ««s-5i  diTnoiiable  to  the  agglutinating 

w*      ^^.v^*  a^'«fi^^^'  anthrax)  which  are 

,*.,'*itv>Ai  »^'*^^*  acquire  capsules  within 

.-^t   ii  s»^mc  species  (pneumococci),  the 

^         ••"-fc'Oii  «>«  t'^**  simpler  media  is  accom- 

^  -v-.r  ^«iixMuled  in  a  drop  of  fluid  many 

"^  ,.  „^..;iio.    It  is  important,  however,  in 

-\%i  jN^nwl  motility  and  the  so-called 

■^'  which  takes  place  whenever  small 


^  A  fluid. 


fci->VT 


^flK^nt  is  a  phenomenon  entirely  ex- 

,^^^  %\f  surface  tension,  and  has  abso- 

"  «A**ji  motility.     It  may  be  seen  when 

•K^r  insoluble  sulistance  are  suspended 

*  ^    M«  t^  *"*^  ^^^  vacillation  dunng  which 

"         •  •.>»«n^^■  ^^  position  of  the  moving  par- 

-    -  ■'^*   .  ^fluenced  by  currents  in  the  drop. 

*  ^-  -     '^  *     .,j^  jM  the  other  hand,  is  active  motion 

■isr    *  ^     Y  tho  iMictena  themselves,  where  the 

s^v    '*'**^*'  ^      ^„  iho  field  is  permanently  changed. 

•^   **'  '     i.  ^*v  is,  so  far  as  we  know,  limited 

'^"        '.  ^^\  Apinila.  there  being  but  few  m- 

-    ■**         w  N^cciw  group  sliow  active  motility.    In 

,,  tM.'v'-^     -     Af  m>nie  of  the  spirochetes,  where  mo- 

,    .»,    ■**'*"*^     *    ^^,  gii  undulating  membrane  margin- 

..  .s>*<^^    ^j^    bacterial  motility  is  due  to  hair-like 

■'***  ^      iSrt*'  flagclla  have  rarely  been  set»n  during 

^^,ppj«fc  uludy  has  been  math*  jjossible  only  by 

vvNic**'*^  ^^j,  as  thase  devised  by   lioeffler,  van 

X,-  ^•'^  -^  ^lions*  the  bacterial  cell  bodies  often 
^^^■*  ^"^^  ordinary  dyes  are  used,  and  the  fiagella 
^     -••»       ^  fnmi  the  thiekein^d  eetoplasmie  zone. 
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The  flagella  are  long  tilaments,  averaging  in  thickne88  from  one- 
tenth  to  one-tiurtieth  that  of  the  bacterial  body,  whi<*h  often  are 
delicately  waved  and  uiululatiug,  aud,  judging  from  the  positions  in 
wliich  they  become  fixed  in  preparations,  move  by  a  wavy  or  screw- 
like motion.  In  length  they  are  subject  to  much  variation,  Imt  are 
supposed  to  be  generally  longer  in  old  than  in  young  cultures.  Very 
short  flagolla  have  been  described  only  on  nitrosomonas,  one  of  the 
nitrifying  bacteria  discovered  by  Wiuogrudsky.*^ 

As  to  the  finer  structures  of  Hag(*lla,  little  can  be  made  out  except 
that  thi'V  poKst»ss  a  higher  refractive  index  than  the  cell  Uydy  itself. 
and  that  they  can  be  stained  only  with  tliuse  dyes  which  bring  dearly 
into  view  the  supposedly  true  cytoplasm  of  the  cell.  Whether  they 
penetrate  this  cytoplasmic  membrane  or  whether  they  are  a  direct 
continuation  of  this  peripheral  zone  of  the  bacterial  body,  can  not  be 
decided 

The  mamif^r  in  which  bacteria  move  is  naturally  subject  to  some 


FlO.  .1— ARHAWrtRMENT  OF  BArTBRIAL  Fl.AnRIXA. 

variation  <Iepending  upon  tin-  iiuml)er  and  position  of  the  flagella 
possessed  by  them.  Whether  bacteria  exercise  or  not  the  power  of 
motility  depends  to  a  large  extent  upon  their  present  or  previous 
environment.  Tliey  are  usually  most  motile  in  vigorous  young  cul- 
tures of  from  twenty-four  to  forty-eight  hoiu-s'  growth  in  favorable 
media.  In  old  cultures  motility  may  be  diminished  or  even  inhibited 
by  acid  formation  or  by  other  deleterious  products  of  the  bacterial 
metabolism. 

M  the  optimum  growth-temperature  motility  is  roos^  »ctivp  An(l 
a^^minution  or  incn^ase  of  the  tempejature  to  any  considerable  de- 
gree diminishes  or  inhibits  it. Thus  actively  motile  organisms,  in  the 

fluid  drop,  may  be  seen  to  diminish  distinctly  in  activity  when  left 
for  any  prolonged  time  in  a  cold  room,  or  when  the  preparation  is 
chilled.    Any  inlluence.  in  other  words,  chemical  or  physical,  which 


Winoffradsky,  Arch,  dcs  Mi.  biologiquM,  St-  PatefBhurg,  1893>  T,  1  and  2. 
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tends  to  iiijuri'  oi-  dopress  phyHioloipcally  the  bacteria  in  any  v^i 
the  same  time  tends  to  inliiliit  their  motility. 

Messea  ^*  lias  proposed  a  classification  of  bacteria  which  is  based 
upon  the  arrangement  of  their  organs  of  motility,  as  follows: 

I.  trymnobacteria.  possessing  no  flagella, 
11.  Triehohacteria.  with  flagella. 

1.  Monotricha,  having  a  single  flagellum  at  one  pole. 

2.  L4>|>hotriehn.  hnviiig  a  tuft  of  flagella  at  one  pole. 

3.  Ainphilrielia,  with  flagr-jla  at  both  poles. 

4.  TVritricha,  with  flagella  coni]iletely  surrounding  the  bac- 
terial body. 

Bacterial  Spores. — A  large  number  of  bacteria  possesses  the  power 
of  developing  into  a  sort  of  encysted  or  resting  stage  by  a  process 
commonly  spoken  of  as  sporulation  or  spore  formation.  The  forma- 
tion of  snores  by  bacteria  depends  largely  upon  environmental  con- 
ditions.  and  the  optimum  environment  for  spore  formation  differs 
greatly  foj*  various  speeies^  It  is  usually  necessary  that  a  lenipera- 
ture  of  over  20°  (\  exist  in  order  that  spores  may  be  formed.  Un- 
favorable fact  til's,  like  acid  formation,  accumulation  of  bacterial 
products  in  old  cultures,  or  lack  of  nutrition,  frequently  seem  to  con- 
stitute the  stimuli  wliich  lead  to  -sporulation.  In  the  case  of  some 
species,  notably  tlie  anthrax  bacillus,  spores  are  formed  only  in  the 
presence  of  free  oxygen  and  are  therefore  never  formed  within  the 
tissues  of  infected  animals.  It  is  claimed  that  some  of  the  pathogenic 
anaerobes,  like  H.  tetani  and  the  bacillus  of  malignant  edema,  may 
form  spores  anaerobically.  Nevertheless  it  has  been  observed  that 
when  an  nbHolute  exclusion  of  oxygen  is  practiced  in  the  cultivation 
of  these  bacteria,  vegetative  fonns  only  are  seen  in  the  cultures." 

The  process  of  sporulation  is  by  no  means  to  be  regarded  as  a 
method  of  multiplication,  since  it  rarely  occurs  that  a  single  bacillus 
produces  more  than  one  spore.  In  some  species  of  bacteria  the  for- 
mation of  several  spores  in  one  individual  has  occasionally  been  ob- 
served. Imt  there  can  be  no  question  about  the  fact  that  such  a 
condition  is  exceptional. 

Varieties  of  spores  are  often  recognized,  the  so-called  arthro- 
spores  and  the  true  spores  or  endospores.  It  is  seriously  in  doubt 
whether  the  structures  once  spoken  of  as  arthrosporea  should  be 


'•JfffiSM,  Cent.  f.  Bftkt..  I,  Bef,  \x,  1S9I. 
*^ZiMser,  Jour.  Exp.  Med.,  viii,  1906,  p.  642 
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considered  as  In  any  way  comparable  to  true  spores.  Tliry  are  rep- 
resented by  the  granular  and  globular  appearaiu-t's  ovc'UKioimlly  o}>- 
served  in  old  eulluros  of  some  bacteria,  notably  streptoeoecus,  cholera 
spirillnra,  diphtheria  baeiihis,  and  others.  It  was  helirvod  that  they 
were  due  to  a  transformation  of  certain  individuals  of  the  oultiireH 
into  more  reflifttant  forms.  It  is  probable,  howe\-er,  that  such  strnc- 
tures  are  merely  to  be  regarded  as  pvidenees  of  involution  or  d**gpn- 
eration,  since  it  has  never  been  demonstrated  that  cultures  contain- 
ing them  are  more  resistant  either  to  disinfectants  or  to  heat,  than 
cultures  showing  no  evidences  of  such  forms.  Thfi^lnuL  sporcA-xu* 
gpdoaporcs  are  most  common  among  bacilli,  and  arerarely  olw^Tve^ 
among  the  spherical  bacterial  They  arise  within  the  body  of  the 
indi\idual  bacterium  as  a  small  grnnulc  which  probably  roprt-sonts  a 
concentration  of  the  protopla.smic  subntanrc.  Xakanishi'"  rluimH 
that  there  is  a  definite  relation  between  these  sporogenic  globulea 
and  the  nuclear  material  of  the  bacterial  cell.    At  the  time  at  which 

Fig.  4. — Various  Positions  or  Spoww*  in  Bacteriax  Cells. 

(porulation  occurs  there  is  usually  a  slight  and  gradiml  thickening 
of  the  bacillary  body.  After  the  formation  of  this  thickening,  a 
spore  membrane  appears  about  the  same  tldckened  area.  The  com- 
pleted spore  is  usually  round  or  oval,  has  tin  erctreraely  high  refract* 
iw  index,  and  a  membrane  which  is  very  resistant.  MuhlschlegeP" 
believes  that  the  spore  membrane  is  a  double  structure,  and,  as  stated 
before.  Nakanislii  believes  that  the  spore  contains  nuclear  material. 

The  position  of  the  spore  in  the  mother  cell  is  of  some  difltereutial 
importance  in  that  it  is  usually  constant  for  one  and  the  same  species- 
Thus,  tlip  spores  of  the  tetanus  l^acillus  are  regularly  situated  at  thu 
extreme  ends  of  the  bacillary  bodies,  while  those  of  anthrax  are 
situated  at  or  near  the  middle. 

Physiologically,  sporulation  is  probably  to  be  regarded  as  a 
method  of  encystment  for  the  purpose  of  resisting  unfavorable  envit 
ronment,  and  it  is  indeed  true  that  species  uf  bacteria  the  vegetative 


**  Nateanithi,  Miineh.  med.  Woch.,  1900,  p.  680. 

"  Muhtei'hleKel.  Cent,  t  Bakt..  II  Abt.,  vi,  1900,  p.  65. 
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tures  may  contain  lon^^,  iri*egularly  Ix-aded  forms  with  broad  cxpan- 
8i(»ns  at  the  ends.  In  tin*  case  of  B.  pestis  the  fact  that  large  numliei*8 
of  oval,  vacuolated  bodies  in  old  cultures  are  formed  regularly  has 
become  of  differential  value.**  These  degeneration  forms  are  shown 
most  characteristically  when  the  bacteria  are  cultivated  on  agar 
containing  3  to  5  per  cent  NaCl. 

Among  the  cocci,  marked  evndences  of  involution  are  often  seen 
in  cultures  of  the  meningococcus  in  the  form  of  large,  swollen  poorly- 
staining  spheres,  and  in  the  ease  of  the  pneumoeoccas  in  the  so-called 
shadow  forms  which  have  the  appearance  of  empty  capsules.    There 


Tio.  7. — DEQEVEitATioy  FoRM^  OF  IJacilujs  PEOTI8.     (Aft«r  Z«ttnow  ) 


art'  few  microorganisms  indeed,  ia  which  prolonged  cultivation  on 
artificial  media  or  other  unfavorable  influences  do  not  produce  varia- 
tions from  the  ground  type  which  may  often  make  the  ciiltures  mor- 
phologically unrecognizable.  In  the  case  of  many  of  the  spirilla 
(spirillum  Milleri.  spirillum  Metchnikovi,  etc.)  the  degeneration 
forms  may  appear  within  so  short  a  time  as  two  or  three  days  after 
trausplantation. 

CnEMiCAL  Constituents. — The  bacterial  cell  has  been  found  to 
eontaiu  proteins,  nucleic  acid,  carbohydrates,  fatty  substances  and 
ash.  The  quantitative  chemical  composition  of  dried  mass  cultures 
of  bacteria,  even  of  the  same  species,  shows  rather  extreme  varia- 


Hankin  and  L<vfrurnn,  Cent.  f.  Baltt.,  I,  xxii,  1897. 
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tioiis  in  the  percentage  of  tbcM  iabstancca,  depending  upon  the 
nature  of  the  culture  media.  Thus,  80  to  90  per  cent  ia  water,  and 
in  the  dry  residue,  tlie  protein  content.  <«timated  from  the  total 
nitrogen,  vanes  roughly  from  50  to  dO  per  cent.  Cramer"  has 
shown  that  the  cholera  vibrio,  grxurn  on  boailJon.  contains  69  per 
cent  of  protein  and  26  per  cent  of  aah,  while  on  Usehinsky's  medium 
the  same  organism  contained  only  36  per  ci-nt  protein,  and  14  per 
ccnl  of  ush.  It  RcemH  pruljabk*  that  meh  variations  may  dcptud  to 
some  degree  on  the  semi-perm^-aWe  iutQr«  of  the  l>acterial  cell;  and 
perhaps  to  an  equal  degree  on  the  fact  that  analyses  of  the  mass 
eulturcH  niTrsKiirily  inelude  any  loaolablr  cortabolic  products,  such 
as  jjigmcnla.  I  he  production  of  whkb  k  icMnrn  to  vary  with  the 
naturt'  of  the  media. 

Anftlysi'H  inude  by  Kiippes"  of  B,  prodigtoaoa,  and  by  Xencki 
and  Seheffer "  of  aorae  of  the  putrefactive  bairtcria^  may  serve  to 
IIIUNlratr  flu*  Hj»proxiinnti'  proportions  of  the  aofastanees  making  up 
till-  Imrtrriul  liciily.  Tlu-  protein  is  calculated  from  the  total  nitro- 
gen, and  dlnc^*  the  nueh-le  aeid  of  the  cell  is  not  t^ken  into  account 
the  rcNulta  arc  not  accurate. 


WftUr  . 
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rate  .. 

llfWicltll* 


B. 
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10.33     " 
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0.7       '* 
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1.         * '      *  * 
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0.78    "      ** 

1.77     •' 

<• 

0J4    "      " 

The  Imrli'rhil  itrrHciii  U  probably  of  several  types.  A  true  glob- 
ulin has  bri'ii  (IiwHIh  d,  iKul  eoagulable  proteins  have  been  demon- 
Nlratr<t  by  Huelinrr**  In  the  'MVessaft"  or  juice  obtained  by  sub- 
jei'llng  bnelrrin  In  niorbniiieal  pressure.  The  presence  of  nuclear 
niHti«rJnl,  tlinttimliii.  in  bn«»trria,  as  .shown  by  staining  reactions, 
together  with  gi*nernl  biolngieal  eonsiderations,  indicate  that  some, 
at  least,  of  tlii*  prolrin  Is  probaljly  combined  with  nucleic  acid  in 
tlir  form  of  "nurbiriH"  or  "nueleoproteins."    The  presence  of  these 


"lV*»»w,  Arrh.  f.  Hrg.,  xiril,  1805,  187. 

**  Kappen,  Annl^iip  <\vr  Mi'NHPiikiillurrii,  olc,  Di«.,  Leiprig,  1889. 
•  SfHcKi  and  Hfheffcr,  Jour.  f.  priJit.  Cbemio,  new  wriw.  xix,  1880. 
^Buehnrr,  MUnch.  mml.  Wrx-li.,  xllv,  1897,  200. 
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sul)8tanoos  was  established  by  RuppvP'  who,  in  an  analysiK  nf  the 
tubercle  bacillus,  obtained  the  tollouing  values  for  U>0  jTrams  of 
the  dried  bacilli : 


Nucleic  acid 

^Tubrrculinic  acid) 

Xucleoprotnmin    

Nufleoprotein     

AlbuihinoidH    

(Keratin,   etc.) 
Kat  and  wax  .... 
Adh    


M.5 

litninn. 

.. 

8.3 

*  1 

26.5 

11 

i*.;; 

<  ( 

More  recently,  nucleic  acid  aud  the  products  of  its  liydrolysis 
have  been  shown  to  occur  in  all  species  of  bacteria  investigated. 
Both  purine  and  pyrimidine  bases  have  been  isolated,  and  it  is 
^particularly  interesting  that  both  uracil  and  thynun  have  been  found 
%y  Leveue  "  iu  nucleic  acid  from  the  tubercle  bacillus.  The  former 
is  found  only  in  nucleic  acid  from  plant  cells,  while  the  latter  is 
obtained  only  from  animal  sources.  Jones"  states,  however,  that 
uracil  often  results  from  the  decomposition  of  eytosine  of  plant 
nucleic  acids.  On  the  other  hand,  pentose  has  been  found  as  a  de- 
composition product  of  bacterial  nucleic  acids,  and  since  this  sub- 
stance occui-s  only  among  the  cleavage  products  of  yeast  and  otlier 
plant  nucleic  acids,  it  would  tend  to  establish  the  relationship  of 
bacteria  to  the  vegetable  kingdom.  The  evidence  is,  therefore,  con- 
tradictory, and  it  may  ultimately  be  shoT^^Ti  that  nucleic  acid  of 
bacteria  is  not  identical  with  either  the  animal  or  plant  type. 

The  basic  chemical  nature  of  the  protein  of  bacteria  does  not  seem 
to  differ  from  protein  of  other  kinds.  Complete  analysis  of  llic 
amino  acid  components  of  purified  preparations  are  wanting.  How- 
ever, the  presence  of  most  of  the  monoamino  acids,  as  well  as  the 
jJiexone  bases  and  glutamic,  acid  have  been  cslaldLshed  by  the  work  of 
Tamura,"^  Leach, ^'  Wheeler, ^=  and  others.  Tamura  showed  that  the 
hexone   ba.se  content  of  bacterial   protein  was  the  same,  whether 


"RwppW,  Zeit.  t.  phjTiiol.  Chemic,  xxvi,  189ft,  21H 

^Lrvene,  J.  of  Med.  Kea.,  vii,  1904.  251. 

''Jones,  "Nudoic  Acids,*'  New  York,  1914. 

•Tamura,  Zeit.  pliysiol.  Chemie,  Ixxxriii,  191»,  190,  and  Ixxxlx,  IftU,  2S9. 

"leocA,  J.  of  Biol.  Chem.,  i,  1906,  463. 

"  Wither,  J.  of  Biol.  Clieui.,  vi,  1909,  509. 


24 


BIOLOGY  AXD  TECHNIQUE 


1- 

I 

.d 


grown  OD  broth  or  oo  a  protein-free  8>mthotic  medium,  and  concludes 
Uiat  bActeria  are  capable  of  building  up  their  own  protein,  independ- 
mt  of  tbe  nature  of  their  food  supply. 

AUhoo^  there  is  much  uncertainty  about  the  nature  of  the] 
relatively  thermostable  toxic  substances  contained  in  bacteria^  thi 
endotoxins,  it  is  probable  that  they  are  also  of  protein  nature. 

The  fata,  wliich  are  demonstrable  boih  by  michrochemical' 
iBHhoda,  staining  with  Sudan  HI,  Scharlach  H.,  and  Osmic  acid. 
and  by  alcohol-ether  extraction,  consist  of  fatty  acids,  true  fnts,  and 
ID  the  caie  of  the  tubercle  bacillus,  at  least,  of  waxy  substances/^ 
The  acid-fafltnets  of  these  or^nisms  is  probably  due  in  part  to  th( 
,.^rT*€'ncc  of  these  Hpoidal  conHtituents,  which  are  present  to  thi 
extent  of  2()  to  40  per  cent  of  the  dry  weight  of  the  bacteria. 

relinloae  has  been  stated  to  occur  in  certain  species  of  bacterii 
but  tbe  evidence  ia  unsatisfactory  and  many  in%'estigators  have  failed 
to  recognize  it.  A  hemicellulose  has  also  been  described  by  Xishi- 
mura**  and  by  Taraura.**  Chitin,  the  shell-like  material  making 
up  the  proteelivo  covering  of  lol>sters,  crabs,  insects,  etc..  seems  to 
have  been  dpfinitely  recognized  in  bacteria  by  IwanoflF,"*  who  ol)- 
tained  considerable  quantities  of  glucosamine  hydrochloride  from  the 
hydrolysis  of  his  preparation.  The  occurrence  of  chitin  in  bacteria 
would  seem,  again,  to  connect  these  organisms  more  closely  to  the 
animal  than  to  the  vegetable  kingdom,  thus  contradicting  the  rela- 
tion suggested  by  the  split  products  of  the  nucleic  acid.  jU 

Olycogen-like  substances  have  been  demonstrated,  according  to^^ 
A.  I*H*icher**  in  H.  subtilis  and  B.  eoli.    These  bacteria  stained  a  rod- 
dish  brown  with  iodin,  and  after  treatment  with  weak  acids  wei 
ahown  to  contain  dextrose.    Hydrolysis  of  other  bacteria  has  given 
reducing  sugars,  rf^sulting  presumably  from  the  decomposition  of 
mueiriK  and  perhaps  of  gums. 

The  bacteria!  nnh  consists  largely  of  phosphates  and  clilorides  of 
potassium,  sodium,  cnlcium  and  magnesium.  The  phosphate  prob- 
ably occurs  for  the  most  part  as  a  constituent  of  the  nucleic  acid. 
Certain  of  the  higher  bacteria  also  contain  iron  oxide  in  granular 


"  Pg  Sehwrintt  tnil  Vdrnet,  Cent.  f.  Bakt,  Ers»e  Aht.,  xxii,  1897,  209. 
"A'uWmurfl.  Arch.  f.  Ilyg.,  xviU.  1893.  318  and  xxi,  1894,  52. 
"  Tanturn.  Zoit.  f.  phyniol.  Chemic,  UatxU,  1914.  304. 
'^Iwanotf,  KofmpiHter's  Rfitr.,  1,  lft02,  524. 
"FUcher,  A.,  "Vorlegung  Uber  die  Bakt./'  Jena,  1903. 
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form,  and  the  thio  bacteria  contain  insoluble  sulphur  ia  their  proto- 
plasm. 

The  chemical  constitution  of  bacteria  is  of  considerable  impor- 
tance in  connection  with  problems  of  immunizalion.  It  is  not  at  all 
sure  that  the  antigenic  substances  in  bacteria  consist  entirely  of 
pniteiiiK  of  the  albumin-globulin  variety.  Extracts  of  bacterial 
bodies,  such  as  those  we  have,  on  a  number  of  occasions,  produced 
with  t>TDhoid  bacilli.  tubei*clo  bacilli,  etc..  contain  very  large  amounts 
of  materiaK  non-con ^ulable  by  heat,  which  come  down  on  the  addi- 
tion of  weak  acetic  acid  in  the  cold,  and  which  are  soluble  only  in 
dilute  alkali,  such  as  the  antigenic  proteins  contained  in  many 
plants.  It  ia  not  impossible  that  these  may  be  the  decisive  antigenic 
constituents,  rather  than  the  albumin-globulin  contents. 

Osmotic  Properties  of  the  Bacterial  Cell. — Like  all  other  animal 
and  Vegetable  cells.  iIk*  bacierial  cell  forms  in  itself  a  small  osmotic 
unit  which  reacts  delicately  to  difTerences  of  pressure  existing  be- 
tween its  own  protoplasm  and  the  surrounding  medium.  The  perfect 
and  normal  morphology  of  o  microorganism,  therefore,  can  exist 
only  when  the  osmotic  presmire  within  the  protoplasm  of  the  cell  is 
isotonic  or  equal  to  that  of  its  own  en\nronment.  The  changes  pro- 
duced in  the  morphohigieal  relations  of  a  cell  when  transferred  from 
one  einnronmeut  into  another  of  varying  osmotic  pressure,  depend 
intimately  upon  the  "permeability"  of  the  cell  membrane  for  dif- 
ferent sul)stanees.  When  such  a  membrane  is  permeable  for  water 
and  not  for  substances  in  solution,  it  is  toehnieally  spoken  of  as 
"semi-permeable."  Now,  as  a  matter  of  fact,  the  bacterial  cell 
membi-anc  is  easily  permeable  for  water,  but  its  permeability  differs 
greatly  in  various  species  of  bacteria  for  other  substances.  Thus. 
for  instance,  the  cholera  vibrio  shows  great  permeability  for  common 
salt  and  B.  fluorescens  liquefaeiens  shows  a  lower  permeability  for 
potassium  nitrate  than  do  many  other  bacteria.*"* 

"When  a  microorganism  is  suddenly  removed  from  an  environ* 
ment  of  low  osmotic  pressure  into  one  showing  a  high  pressure,  say, 
from  a  dilute  to  a  concentrated  solution  of  NaCl.  an  abstraction  of 
water  from  the  cell  occurs,  with  a  consequent  shrinkage  of  the  proto- 
plasm away  from  the  cell  membrane.  This  process  is  spoken  of  as 
"plasmolysis.'*  Cell  death  docs  not  usually  occur  with  plasmolysis. 
but  by  slow  diffusion  of  the  salt  itself  into  the  protoplasm,  the 


'^  OolUchtich,  in  FlOgjfe,  "Mikroorganismcn,"  i.  p.  91, 
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equilibrium  may  eventually  be  restored  and  the  normal  morphology  ^ 
of  the  cell  resumed.  In  all  cases  the  speed  and  completeness  of  thefl 
return  to  normal  ilepemls  upon  the  permenhility  of  the  cell  mem- 
brane for  the  dissolved  substances.  There  is  no  evidence  to  support 
the  view  that  tJic  internal  pressure  of  a  cell  may  be  in  any  way 
increased  by  an  inherent  power  of  the  protoplasm  independently 
of  the  laws  of  diffusion.  As  a  general  rule,  old  cultures  are  more 
Huseeplible  to  plasmolysis  than  are  young  and  vigorous  strains. 
Spores  and,  according  to  A.  Fischer,^*  flagella  arc  much  less  s 
ecptihle  to  osmotic  changes  than  are  the  vegetative  bodies. 

When,  on  the  other  hand,  bacteria  are  suddenly  removed  from 
medium  possessing  a  high  omnotic  pressure  to  one  comparatively  loWj 
say,  from  a  concentrated  salt  solution  to  distilled  water,  a  bursting 
of  the  cell  may  occur,  a  process  spoken  of  as  '*plasmoptysis."  Plas- 
moptysis  leads  to  cell  death,  and  is  probably  the  cause  of  the  death 
of  microorganisms  so  often  observed  in  distilled  water  emulsions  of 
bacteria. 

Other  Physical  Properties  of  Bactem.— The  refractive  index  of 
the  vegetative  bacterial  body  is  low.  in  contrast  to  the  highly  refract- 
ive chiiriicter  of  the  sporcji  and  tlagellu.  According  to  Fischer,  the 
ectoplasm  or  cell  membrane  shows  a  higher  index  than  does  the 
endoplasm. 

The  specific  gravity  of  various  microorganisms  has  been  investi* 
gated  by  liolton,***  Rubner/^  and  others.  Some  of  Rubner's  results 
are  the  following: 
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^A,  Fijichtr,  (]iiotoil  from  OottRvhlirh  in  Fliigf{4\  "Mikroor^nismen, "  I,  p.  61. 
^liotton,  ZeH,  f.  Hv»;.,  i,  1S86. 
*'  RuhncT,  Arch.  f.  Hyg.,  xi,  1890. 
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THE  RELATlO?r"OP~BACrEKIA   TO    KNVIRONMENT.   AND   THEtB 
CLASSIFICATION 


NUTRITION  OF  BACTEBIA 

Like  all  protoplasmic  bodies,  bacteria  consist  of  carbon,  oxygen, 
hydrogen,  and  nitrogen,  to  which  are  added  inorganic  salts  and  vary- 
ing quantities  of  phosphorus  and  sulphur.  In  order  that  bactem 
may  develop  and  multiply,  therefore,  they  must  be  supplied  with 
these  substances  in  proper  quantity  and  in  forms  suitable  for  assimi- 
lation. To  formulate  dcfiiulc  laws  based  on  ehemieal  structure  as  to 
the  compounds  suitable,  and  those  unsuitable  for  use  by  the  bacteria, 
is.obviously  impossible  owing  to  the  great  metabolic  variations  exist- 
ing within  the  bacterial  kingdom,  and  notable  attempts  to  do  so, 
such  as  those  by  Loew/  have  not  successfully  withstood  critical 
inquiry.  So  unlike  are  the  food  requirements  of  bacteria  that  a  basis 
for  identification  even  among  closely  related  species  may  often  l>e 
found  in  difFerences  in  metabolism  of  earlwhydrates,  and  the  sugges- 
tion has  frequently  been  made  that  with  furtlier  knowh'dge  of  food 
requirements  would  come  a  more  logical  classification  <)f  microor- 
ganisms than  any  at  present  available.'' 

Carbon. — The  cai'hon  necessary  for  bacterial  nourishment  or  anab- 
olism  may  be  ol>taiucd  cither  dii'-etly  from  pioteins.  carbohydrafes, 
and  fats,  or  from  the  simpler  derivatives  of  these  snbstaiiees.  Thus, 
the  amino-aclcls,  ketons,  and  organic  acids,  like  tartaric,  citTic,  and 
acetic  acids,  glycenn,  and  even  some  of  the  alcohols,  may  furnish 
carbon  in  a  form  suitable  for  bacterial  assimilation.  A  limited  num- 
"ber  of  bacterial  species,  furthermore,  notably  the  nitrobaeteria  of 
Winogradsky,  are  C8pal)le  of  obtaining  their  required  carbon  from 
atmospheric  CO^  and  possibly  from  other  simple  carbon  compounds 
^dded  to  culture  media,* 


^  Ooryland,  jour.  of  Bacler.,  1,  1916^  ]Ku. 

'  Munis,  Compt.  rend,  dc  1  'acad,  des  acienreo,  t.-  iii, 
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Oxygen. — Oxygen  is  obtained,  by  the  large  majority  of  bacteria, 
directly  from  the  atmosphere  in  the  form  of  free  Oj.  For  many 
microorganisms,  moreover,  the  presence  of  free  oxygen  is  a  necessarj' 
condition  for  growth.  These  are  spoken  of  as  the  ** obligatory 
aerobes.*'  Among  the  pathogenic  bacteria  proper,  many,  like  the 
gonococcus,  bacillus  inflncn^jc,  and  bacilliis  pcstis,  nhow  a  marked 
preference  for  a  wdl-oxygcnated  environment.  Probably  there  is 
no  pathogenic  microorganism  which,  under  certain  conditions  of 
nutrition,  is  entirely  unabh  to  exist  and  multiply  in  the  complete 
absence  of  this  gas.  The  conditions  existing  within  the  ini'ocied 
animal  organism  cause  It  to  seem  likely  that  all  ineitants  of  infec- 
tion may,  at  times,  thrive  in  the  complete  alisencc  of  free  oxygen. 

There  is  another  class  of  organisms,  on  tbe  other  hand,  for  whoso 
development  the  presence  o'£  free  oxygen  is  directly  injurious.  These 
microorganisms,  known  as  "obligatory  anaerobes/^  obtain  their 
BU])ply  of  oxygen  indirectly,  by  en/vmntie  procM'Kscs  of  fermentative 
and  proteolytic  cleavage,  from  earl)oliydrat<^s  and  proteins,  or  by 
reduction  from  redueiblv  bo<lios.  Among  the  pathogenic  nncroor- 
ganisms  the  class  of  "obligatoi'y  anaerobes''  is  represented  chiefly 
by  Hacillus  tctani,  the  bacillus  of  malignant  edema,  the  bacillus  of 
symptomatic  anthrax,  IJacillus  acrogcnes  ca|)sulatus,  and  Bacillus 
botulinus. 
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Intermediate  between  these  two  classes  is  a  large  group  of  bac- 
teria which  thrive  well  Iwth  imder  aerobic  and  anaerobic  conditions. 
Some  of  these,  which  have  a  preference  for  free  oxygen  but  never- 
theless possess  the  power  of  thriving  under  anaerobic  conditions,  are 
spoken  of  as  "facultative  anaerobes."  In  others  the  reverse  of  this 
is  true;  these  are  spoken  of  as  "facultative  aerobes."  These  varieties 
of  bacteria  are  by  far  the  most  numerous  and  comprise  most  of  our 
parasitic  and  sapropliytic  bacteria. 

The  relation  of  microorganisms  to  oxygen  is  extremely  subtle, 
therefore,  and  not  to  be  biologically  dismissed  by  a  rigid  classifica- 
tion into  aerobes,  facultative  anaerobes,  and  obligatory  anaerobes. 
Both  Engelmann.*  by  a  method  of  observing  motile  bacteria  in  the 
hanging  drop  as  to  their  behavior  in  relation  to  the  oxygen  given 
off  by  a  chlorophyll-bearing  alga,  and  Beijcrinck,*  by  a  macroscopic 
method  of  observing  similar  bacteria  as  to  thoir  motion  away  from 


*  Engelmann,  Botanische  Ze\t\inf[,  188]. 
*BMjerinrl:  Tont.  f.  Bnkt.,  I.  x:v.  1«I»3. 
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or  toward  au  oxygenated  area,  were  able  to  demonstrate  delicately 
graded  variations  between  species,  favoring  various  degrees  of 
oxygen  pressure. 

The  discovery  by  Pasteur  that  certain  bacteria  develop  only  in 
the  absence  of  free  oxygen,  produced  a  revolution  in  our  conceptions 
of  metabolic  processes,  since  up  to  that  time  it  was  believed  tlmt  life 
could  be  supported  only  when  a  free  supply  of  Oj  was  obtainable. 
Pasteur's  original  explanation  for  this  phenomenon  was  that  anae- 
robic conditions  of  life  weri*  always  associated  with  some  form  of 
carbohydrate  fermentation  and  that  oxygen  was  obtained  by  those 
microorganisms  hy  a  splitting  of  carboiiydratcs.  ^s  a  matter  of 
fact,  for  a  large  number  of  microorifanisms.  this  is  actually  true,  and 
the  presence  of  readily  fermentable  carbohydrates  not  only  i ncreases 
the  growth  energy  of  a  largo  number  of  anaerobif  bflf^'erin  h"^  ^" 
many  cases  permits  otherwise  purely  aerobic  bacteria  to  thrive  under 
anaerobic  conditions.*  On  the  other  hand,  the  basis  of  anaerobic 
growth  can  not  always  be  found  in  the  fermentation  of  carbo- 
hydrates or  in  the  simple  process  of  reduction.  A  number  of  strictly 
anaerobic  bacteria  may  develop  in  the  entire  absence  of  carbohy- 
drates or  reducing  substances,  obtaining  their  oxygen  supply  from 
other  suitable  sources,  some  of  which  may  be  the  complex  proteins. 
Thus  the  tetanus  bacillus  may  ^  thrive  when  the  nutritive  substances 
in  the  media  are  entirely  protein  in  nature. 

The  favorable  influence  of  certain  actively  reducing  bodies,  like 
sodium  formate  or  sodium-indigo-sulphate,  upon  anaerobic  cultiva- 
tion is  probably  referable  to  their  ability  to  remove  free  oxygen  from 
the  media  and  thus  perfect  the  anaerobiosis.* 

I'nlike  plants  which  derive  much  of  their  energy  for  growth 
from  the  sun's  rays,  bacteria,  with  the  exception  of  the  pigmented 
sulphur  bacteria,  are  dependent  upon  their  food  supply  as  a  source 
of  energy.  To  some  extent  a  simple  oxidation  of  carbohydrates  and 
other  substances  takes  place  by  means  of  atmospheric  oxygen  with 
the  production  of  CO3.  There  is  thus  a  type  of  true  respiration  in 
bacteria  with  the  absorption  of  oxygen  and  elimination  of  CO..  Not 
all  the  absorbed  oxygen  reappeai^  as  COj  and  most  of  the  remainder 
is  probably  used  up  in  the  formation  of  water  or  goes  into  the  struc- 
ture of  the  bacterial  cell.    The  production  of  CO,  has  also  been 


'Theohnld  Smith,  Cent.  f.  BaJrt.,  I,  xviii,  1895. 
'Chudiokotv,  Cent.  /.  Bakt..  Rof.,  11,  ir,  1898. 
*Xiiat<tto  and  FF#yr,  Zeit.  f.  Hyg.,  Tiif,  1890. 
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fthowTD  to  occur  in  anaerobic  ciiltunis  where  the  oxygen  must  have 
coou;  from  Home  constituent  of  the  medium.     It  is  probable  that 
tiactcrial  ri-spiration  is  frcqiiejitly  of  the  anaerobic  type  in  which, 
for  example,  such  compounds  aa  nitrates  are  reduced  to  nitrites  am 
,|rcc  nitrogen.    Eneriicy  may  be  produced,  however,  by  the  oxidation] 
hof  othrr  clfnjt'uts  than  eurbou  and  bydrogiMi;  thus,  ei-rtain  of  t 
iron  bacteria  «cem  tu  obtain  energy  from  the  oxidation  of  ferroi 
.to  ferric  ponijmunds  in  thi'ir  pn>t(»plMsm.  and  the  Kulphtir  l>aeteria 
dxidi^str  UpS  to  free  sulphur.    The  coloicd  sulphur  bacteria  oarry  out 
thiA  ctuktiRf*  under  the  comiiiuod  influence  nf  sunlight  and  their  pig^fl 
BK-nt  in  thiH  way  resembling:  tiie  green  plants,  but  the  luipiginented 
furuiM  do  not  require  radiant  energy.  ^ 

While  prwwsen  of  oxidation  are  ]>erhai)s  the  most  imporiantfl 
jt-mrce  of  energy  for  certain  bacteria,  for  other  types  and  under 
different  conditions  chemical  reactions  of  another  kind  serve  to  pro- 
tduce  energy.    Processes  of  fermentation  and  perhaps  of  decay  and] 
putrefaction   liberate   considcral>Ie  (juantities  of  energy.     For  ex* 
[jauiple,  alcoholic  fennentatian  in  which  lU'ithcr  oxidation  nor  reduc-i 
ition  is  involved  produces  about  33  calories  for  each  gram  molecula 
of  sugar  fermented.    Since  complete  oxidation  of  the  same  quantity 
of  iiugar  results  in  the  liberation  of  about  680  calories  it  is  apparenti 
I  that  relatively  large  amounts  of  glucose  must  be  fermented  to  supply' 
microorganisms  with  sufficient  energy  for  their  growth  and,  as  a 
Blatter  of  fact,  bacteria  will  ferment  many  times  their  weight  of 
I  ear^iobydrates.    Acid  fermentation,  such  as  the  lactic  fermentation 
of  milk  and  probably  many  of  the  processes  of  protein  cleavage,  are 
txotbermie  and  will  supply  bacteria  with  energy.     Obviou.sly  these 
^reactions  are  particidarly  adapted  to  anaerobic  growth  since  for 
many  of  them  oxygen  is  not  required. 

While  u  profuse  supply  of  oxygen  absolutely  inliibita  tlie  growth 
vf  m<mt  8na<*rolM'S,  a  number  of  tliese  may,  nevertheless,  develop 
when  only  small  quantities  of  oxygen  are  present.  Minute  quantities 
of  free  oxygen  in  culture  media  have  been  sho^vn  by  Reijcrinck' 
and  others  not  to  inhibit  the  gruwth  of  l^acillus  tetani  and  Theobald 
Smith***  has  recently  demonstrated  that  when  suitable  nutritive 
.  material  in  the  form  of  fre.sh  liver  tissue  is  added  to  bouillon,  a  num- 
f  b«r  nf  anaerobic  bacteria  may  be  induced  to  grow  in  indifferently 


Bftjcnnrk,  C<^ni.  f.  Baki..  II,  vi,  1900. 

*Th.  ffmith,  Broun,  ami  ^f'nlkrr^JoViT^  M^d,  B«.,  ix»  1906. 
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anaerobic  environment,    I-^imtj^h  ■■  ^m.. h'<l  in  atlflptinp  the  tetanus 

-bafillus  to  an  aerobic  t'nvironnic-nt.  In  this  case,  however,  the  viru- 
i£lie<;^of  the  bacillus  was  lost. 

Nitrogen. — The  nitrogen~requircd  by  bacteria  in  taken,  in  most 
cases,  from  proteins,  and  many  of  the  non-diitusible  albumins  may  be 
reiuIeriHl  iisHinulahle  hv  the  proteiilyzing  rnzymes  j)ossessed  bv  miero- 
or^aniama^  Among  the  pathogenic,  more  strictly  parasitic  bacteria, 
moreover,  a  delicate  specialization  may  be  observed  as  to  the  partic- 
ular varieties  of  animal  allnunin  which  may  l)c  utilized  by  them. 
Thua  the  gonococcua  grows  more  readily  only  upon  uncoagulated 
human  hlood  serum,  and  the  diphtheria  bacillus  outgrows  other  bac- 
teria upon  a  medium  composed  for  the  greater  part  of  coagulated 
beef  serum.  For  bacteria  that  do  not  require  native  animal  protein 
for  their  development,  the  most  common  nitrogenous  itigredient  of 
culture  media  is  peptone. 

Many  bacteria  (pathogenic  and  saprophytic),  on  the  other  hand, 
may  thrive  on  media  containing  absolutely  no  protein,  in  which  case, 
of  course,  a  synthesis  of  protein  must  be  assumed.  A  medium  used 
to  demonstrate  this,  devised  by  UscJiinaki,'-  contains  ammonium  lac- 
tate, glycenu,  asparagiu  (the  amine  of  anitio-succinic  acid),  and 
inorganic  salts. 

Creatiu,  creatinin,  urea  and  urates,  and  oven  ammonia  compounds 
and  nitrates,  may  serve  as  sources  of  nitrogen  for  many  of  the  less 
parasitic  bacteria.  A  limited  number  of  species,  moreover,  the 
bacilli  in  the  root  tubercles  of  the  leguminosae  and  the  nitrogen- 
fixing  organisms  of  the  soil,  can  obtain  their  nitrogen  directly  from 
the  free  N^  of  the  atmosphere. 

Although  the  sources  of  carlionaccous  and  of  nitrogenous  food 
have  been  separately  discussed,  it  shoxild  not  be  forgotten  that,  in 
many  instances,  both  elements  are  taken  up  within  the  same  com- 
pound, and  that  separate  supplies  are  a  necessity  in  isolated  cases 
only. 

Hydrogen. — Hydrogen  is  obtained  by  bacteria  largely  in  combi- 
nation as  water  and  together  with  the  earljon  and  nitrogen  contain- 
ing substances. 

Salts. — The  pliuHpltatic  constituents  of  the  bacterial  body  are 
taken  in,  chiefly,  as  phospliates  of  magnesium,  calcium,  sodium,  or 


"  Ferran,  Cent,  f,  Bakt..  I.  xxiv,  1898. 
"  Uaehiiiski,  Cent.  f.  Bakt.,  I,  xiv,  1893. 
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potassium.    Tlie  phosphates  seem  to  bo  necessary  constituents  of  euli 
ture  media,  while  chlorides,  on  the  other  hand,  according  to  Proi 
kauer*^  and  Beck,  are  not  absolutely  essential.     Sodium  salts,  as  ft 
rule,  seem  to  be  more  advantageous  for  purposes  of  bacterial  culti- 
vation than  potassium  salts.  h 

The  uucombined  sulphur,  which  is  often  a  constituent  of  bacteria,  V 
is  usually  .supplied  by  soluble  sulphates.     In  the  ease  of  the  thio- 
bacteria  of  Winogradsky,  however,  free  HjS  is  necessary  for  its 
formation.'* 

The  relative  quantities  of  various  nutrients  in  culture  media  a 
important  in  so  far  as  too  high  concentrations  may  inhibit  growl 
In  this  respect,  however,  separate  species  vary.  The  development 
bacteria  is  far  oftener  arrested  by  the  accumulation  of  waste  pre 
nets  than  by  an  exhaustion  of  nutri<Mit  mat**rials. 

Substances  of  Unknown  Composition. — Although  thv  necessity 
lor  RupplNing  bacteria  ^vith  all  the  elements  of  protoplasm  is  obvi- 
ous, many  forms,  particularly  among  the  pathogenic  bacteria,  will 
fail  to  grow  on  media  compoKcd  of  amino-acids  or  peptones  together 
with  carbohydrates  and  mineral  material.  So  far  as  is  known,  ni 
chemical  element  necessary  for  growth  is  lacking  in  such  a  mediui 
and  the  failure  of  bacteria  to  multiply  must  indicate  either  that  car-' 
bon  and  nitrogen  are  not  present  in  suitable  combination,  or  that 
some  special  accessory  chemical  grouping  is  wanting.  For  many 
practical  purposes  such  media  may  he  rendered  suitable  by  the  addi- 
tion of  meat  extract  or  meat  infusion.  The  components  of  meat  in- 
fusion which  the  bacteria  utilize  in  their  growth  have  not  been 
isolated.  They  seem  to  be  somewhat  labile,  chemically,  and  the 
infusion  loses  its  power  to  promote  growth  under  relatively  simple 
chemical  manipulation.  That  there  is  more  than  one  necessary  com- 
ponent is  indicated  by  recent  work  '*  in  which  it  has  been  shown 
that  boiling  the  infusion  with  charcoal  renders  it  unsuitable  for  the 
growth  of  certain  bacteria,  while  the  addition  of  an  acid  hydrolysate 
of  casein  and  of  some  other  proteins  rentiers  it  again  satisfactory, 
although  the  reactivating  suhstaneo  is  probably  not  one  of  thf  Itnown 
amino  acids,  and  will  not  itself  produce  growth  of  the  bacteria  with- 
out the  decolorized  meat  infusion. 
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Meat  infusion,  Jiowever,  will  not  suffice  for  some  of  the  more 
strictly  parasitic  species,  such  as  the  meningococcus  and  gonococcua, 
and  for  satisfactory  growth  of  these  organisms  a  highly  complex 
substance,  such  as  whole  blood  or  scrum,  is  necessary.  It  is  not  cer- 
tain at  present  whether  the  required -material  is  the  whole  protein 
or  some  simpler  substance  occurring  in  the  animal  body.  For  ex- 
ample, the  influenza  bacillus  has  been  known  for  a  long  time  to 
require  red  blood  cells  for  its  successful  cultivation.  It  was  formerly 
believed  that  the  hemaglobin  was  the  essential  factor  required  by 
this  organism,  but  recently  it  has  been  shown'*  that  if  media  arc 
prepared  by  the  addition  of  blood  followed  by  heating  to  TO**  to  75°, 
and  filtering  the  eoagulum,  much  better  growth  is  obtained  tlian  on 
ordinary  blood  agar.  Since  the  proteins,  including  the  hemaglobin, 
have  been  removed  by  coagulation  and  filtration,  probably  some  non- 
protein component  of  the  red  cell  is  required  by  this  organism. 

Lloyd  ^'  has  suggested  that  these  subetanees  present  in  blood  and 
animal  fluids  resemble  the  vitamines  which  are  now  recognized  as 
playingsuch  an  important  role  in  animal  metabolism.  She  found  that 
they  were  often  removed  from  solution  by  filtering  through  paper 
or  cotton,  and  on  this  ohst^vation  are  based  the  extremely  useful 
hormone  or  vitamine  media  of  Huntoon. "  Whether  or  not  these 
substances  are  identical  with,  or  merely  resemble,  the  \-itaraines  of 
animal  foods  remains  to  be  established.  It  has  been  recently  showm, 
however,  that  ordinary  yeast  ^*  and  Sclerotinia  einerea  the  organ- 
ism," which  causes  brown  rot  disease  in  fruits,  require  ivatcr  soluble 
B-  vitamine  for  their  growth. 

PARASITISM  AND  SAPROPHYTISM 

When  we  speak  of  bacteria  as  parasites  or  as  saprophytes,  we 
classify  them,  primarily,  according  to  their  relationship  to  the  bodies 
of  higher  animals.  "J^arasit<>s'^  nrp  thnsp  b"^teria  which  are  capable 
of  living  and  multiplying  within  the  human  or  animal  body,  w^hereas 
^he  term  "saprophytes'*  refers  to  the  multitude  of  microorganisms 


^FUmiufj,  Lflnrpt,  1919,  T,  138. 

""  Lloyd,  J.  Path,  ami  Bact.,  21,  1916,  113. 

«  Huntoon,  J.  Inf.  Di».,  23,  1919,  169. 
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which  are  unable  to  liold  their  own  Jindcr  tfaf  v^^Yirtf""K'll^"^  pnndi- 
tions  found  in  the  tissues  of  higher  animals,  but  arc  found,  almostA 
ubig^uitously.  in  air,  soit.  manure^  and  water.    The  Sfpuration  is  by  n 
means  a  sharp  one  and  carries  with  it  otlier  impliealions.  which  th 
use  of  these  terms  always  conveys.    While  parasites  are  usually  ver, 
fastidifxis   as  to   nutritional   and  temperature   requirements,   most 
saprophytes  are  easily  cultivated  upon  the  simplest  media.     Thua 
eortain  parasitic  bacteria,  such  as  the  bacillus  of  influenza,  the  gono 
coccus,  and  othci's.  are  dependent  upon  specific  forms  of  anini 
proteins  for  their  food  supply,  wliilc  typical  saprophytes,  like  liacil 
lus  protcus.  may  thrive  and  multiply  upon  even  the  simplest  organic 
protein  derivatives. 

Between  the  strict  parasites  and  the  saprophytes,  there  is  a  lai'ge 
class  of  bacteria^  to  which  tlie  majority  of  pathogenic  varieties 
belong,  the  members  of  which  arc  capable  of  developing  luxiiriantiy 
under  both  conditions.  These  bacteria  are  often  spoken  of  as  facul- 
tative parasites. 

More  recently  the  question  of  parasitism  and  saprophytism  has  M 
become  closely  interwoven  with  our  conceptions  of  ATrulenee.  Hail  " 
(see  section  on  Aggressins)  has  classified  parasites  into  strict  para- 
sites and  half  parasites.  Hy  the  first  term  he  designates  bacteria  like 
TiacilluH  authracis,  which  actually  invatle  all  the  tissues  of  their  liost> 
while,  hy  the  term  "half  parasites,"  he  refers  to  microorganisms  like 
the  spirillum  of  cholera  which  gain  a  foothold  upon  some  part  of  the 
body  of  the  host,  but  do  not  actually  penetrate  into  the  general  cir- 
culation. 

All  pathogenic  bacteria,  tliereforc,  must  be  grouped  as  parasites, 
strict  or  facultative,  ^yhilt;  the  saprophytes,  ea  a  claaSt  perform  the 
Tar  more  important  task  of  breaking;  up  organic  matter  outside  o f 
the  animaj^bodv.  bv  pntre  fact  ion  aiid  fermentation.  Alisolute  scpa- 
ration  between  the  two  chisscs.  however,  can  not  beliinintained,  since 
many  orditmrily  sapi*ophytic  bacteria  may  display  parasitic  qualities 

tif  admiiuatered  in  large  numbers  to  animals  or  man  in  whom  resist- 
ance to  bacterial  invasion  is  at  a  low  ehl). 


ANTAGONISM  AND  SYMBIOSIS  OF  BACTEEIA 

The  ubiquity  of  bacteria  in  nature  of  course  implies  the  simalta- 
i.eous  presence  of  many  species  in  all  places  where  special  conditions 
have  provided  a  favorable  environment  for  growth.    Thus  bacterio 
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lo^cal  investigutiou  of  water,  milk,  matiure,  soil,  or  organic  infu- 
sions always  reveals  the  proseuce  of  a  large  number  of  different 
varieties  within  the  same  Huhstanee.  If  the  food  supply  in  such  a 
natural  eullure  is  at  ulHiniited  in  quantity^  or  the  r« moval  of  wnati. 
products  is  prohibited,  it  will  uanally  be  foiind  that  gradually  the 
numbers  of  vai'ieti«;s  wUT  diminish  and  a  few  species,  or  even  only 
onerwill  prevail.  1/;  i-hv  o^^o  i>f  milk,  for  instanee^  after  standing 
for  threeor  four  days  at  a  suitable  temperattire.  two  or  tEree 
A'arietioa  will  bo  found  to  hav^^  taken  tlic  plaee  of  the  twenty  or 
thirt}-,  whieh  may  have  iK-en  present  oi'iginally. 


This  behi 


due  to  the  influ< 


hich 


'anoua  microorgan- 
isma  exert  upon  eacli  other  and  is  known  as  antagonism.  Such  antag- 
onism probably  depends  upon  the  fact  that  the  nietabolie  products  of 
the  predominant  species  (the  one  or  ones  for  whom  the  special  eul* 
tiU'al  conditions  are  most  favorable)  inhibit  the  growth  of  the  less 
vigorous  varieties.  Many  examples,"  experimentally  supported,  of 
such  antagonism,  can  be  given.  ThiLs,  the  gonoeoeeus  is  distinctly 
inhibited  by  the  soluble  products  of  liaeillus  pyoeyaneus,'*  while  in 
the  preesnee  of  pyogenic  cocci  it  develops  luxuriously,  and  the  bacil- 
lus of  i>lague  is  completely  inliibited  when  streptococci  are  present 
in  the  culture'^* 

Mutual  inhibition  may  also  be  due  to  the  monopolizing  of  the 
nutrition  in  the  medium  by  the  predominating  species  or  to  the 
change  in  reaction  produced  by  its  growth.  This  last  consideration 
is  probably  llie  sreret  of  the  inhibitory  efTeet  exerted  by  acid-pro- 
dueers  upon  bacteria  of  putrefaction,  and  has  received  practical  the- 
rapeutic application  in  Metcbnikoff 's  lactic-acid  bacillus  therapyj 
described  elsewhere. 

^hen  simultaneous  presence  of  two  species  in  the  same  environ- 
ment  favors  the  development  of  botli,  the  condition  is  spoken  of  as 
symbiosis.  Such  dependence  is  not  so  frequent  as  antagtinism,  but  it 
does  occur.  Examples  of  such  a  condition  have  been  olwcrved  in 
cultures  containing  diphtheria  bacilli  and  streptoeoeei"  and  have 
been  frequently  olwerved  in  cultures  containing  both  aerobic  and 
anaerobic  bactena,  where  the  former  favor  the  development  of  the 
latter  by  monopolizing  the  supply  of  free  oxygen.     Symbiosis  may 


^SdiafcTy  Forticbr.  d.  MeJ.,  5,  1896, 
^Bilter,  Kep.  Egypt  Plague  Com.,  Cairo,  1897, 
'Hilheri,  Zeit.  t.  Hyg.,  xxix,  1895. 
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also  take  place  in  cultures  in  whicli  complex  food  products  are  split 
up  by  one  species,  furnishing  substances  for  ingestion  by  spettieB  witki 
a  lesser  digestive  ability. 

RELATIONS  OF  BACTERIA  TO  PHYSICAL  ENVIRONMENT 

Relation  of  Temperature. — Like  all  other  living  beings,  bacteria^ 
r  develop  and  multiply  by  virtue  of  u  series  of  chemical  and  physical] 
processes,  by  means  of  which  gi-owth  energy  Ls  obtained  by  destruc- 
tion or  eatabotiam,  and  the  lost  tissiies  resupplicd  by  absorption  of!j 
.  uutntive  materials.     It  is  natural,  therefore,  that  the  conditions  oi 
[external  temperature  should  intimately  affect  the  metabolic  proc- 
f  esaes.    The  range  of  temperature  at  which  bacteria  may  grow  is  sub-^ 
ject  to  wide  variations  among  different  species.    Each  species,  on  th^i 
other  hand,  may  thrive  within  a  more  or  less  clastic  range  of  temJ 
'  perature,  each  one  having  an  optimum,  a  minimum,  and  a  definite 
maximum  temperature.    When  the  optimum  temperature  is  present! 
in  the  environment,  the  functions  of  abstn-plion  and  excretion  keenj 
pace  with  each  other,  and  the  chemical  balance  is  well  preserved. 
When  the  temperature  is  lower  than  the  optimum,  all  metabolic 
processes  take  place  more  slowly,  and  the  bat'lcj-ium  gradually  enters 
into  a  resting  or  latent  stage,  at  which  actual  growth  may  be  ex- 
ceedingly slow  or  entirely  inhibited.  When  the  temperature  is  higher 
than  the  optimum,  the  destructive  processes  are  carried  on  more 
rapidly  than  the  substitution  of  waste  products  by  absorption,  and  a 
[  gradual  weakening  of  vital  energy,  or  even  a  gi-adual  death  of  the 
bacteriiun.  may  take  place.    When  certain  bacteria  form  spores,  they 
become  very  mucli  more  resistant  against  both  high  and  low  temper- 
atures, probably  because  a  true  resting  stage  has  been  reached,  dur- 
ing which  metabolism  has  been  reduced  to  a  minimum,  there  being 
practically  no  nutritive  material  taken  in  and  correspondingly  little 
destruction  taking  place  within  tlie  body  of  the  microorganism. 

The  optimum  temperature  for  various  bacteria  depends  upon  the 
habitual  environment,  in  wluch  the  particular  species  is  accustomed 
to  exist.  Thus,  for  the  large  majority  of  bacteria  pathogenic  for 
human  beings,  the  optimum  temperature  is  at  or  about  37.5^  C 
There  are  a  large  number  of  bacteria  common  in  water,  howevei 
which  grow  hardly  at  all  at  the  body  temperature,  but  thrive  mos 
luxuriantly  at  temperatures  of  about  20*  C.    F.  Forater,**  moreover 


"  F.  Forster,  Cent,  f .  Bakt.,  U,  1887. 
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described  certain  phosphorescent  bacteria,  isolated  from  sea-water, 
wliich  grow  readily  at  0"  C.»  or  a  little  above.  On  the  other  liand, 
Clique] "  lias  desciibed  non-motile  bacilli,  which  he  isolated  from  tb« 
water  of  the  Seine,  which  p*ew  rapidly  at  temperatures  ranging 
apout  70**  C.»  and  the  so-called  *'mucedin^s  thermophiles/'  de- 
scribed by  Tsiklinski.'*  develop  most  readily  at  temperatures  very 
little  above  this.  It  is  thus  plain  that  the  temperatures  favored  by 
various  bacteria  depend  to  a  large  extent  upon  an  adaption  of  these 
bacteria  through  many  generations  to  speeifie  environmental  condi- 
tions. A  good  illustration  of  this  is  fiirnished  by  the  bacillus  of 
avian  tuberculosis,  a  microorganism  differing  essentially  from  the 
bacillus  of  human  tuljcrculosis  in  that  its  optimum  growth  tempera- 
ture lies  at  41°-42'^  C«,  a  temperature  which  exceeds  the  optimum 
l'*mperatiu*e  for  the  human  type  by  as  much  as  the  normal  tempera- 
ture of  birds  exceeds  that  of  mnn.  The  same  principle  is  illustrated 
by  the  facts  that  the  bacteria  which  have  a  very  low  optimum  tem- 
perature are  usually  those  isolated  from  water,  and  the  so-called 
thermophile  or  liigh-temperature  bacteria  are  obtained  from  hot 
springs  and  from  the  upper  layers  of  the  soil,  where,  according  to 
Olobig,"  occasionally  temperatures  ranging  from  about  55°  C.  occur. 

As  stated  before,  one  and  the  same  species  may  develop  within  a 
wide  temperature  range,  and  it  may  be  possible,  by  persistent  culti- 
vation at  speeial  temperatures,  to  adapt  certain  bacteria  to  grow  lux- 
uriantly at  temperatures  removed  by  several  degrees  from  their 
normal  optimum.  In  such  cases  it  may  often  occur  that  special 
characteristicB  of  the  given  species  may  be  lost.  An  example  of  tliia 
is  the  loss  of  virulence  and  of  spore-formation  which  takes  place 
when  anthrax  bacilli  are  cultivated  at  42**  (\,  or  the  loss  of  the  power 
to  produce  pigment  when  bacillus  prodigiosus  is  grown  at  tempera- 
tures above  30^  C. 

The  vegetative  forms  of  most  of  the  pathogenic  bacteria  may 
grow  at  temperatures  ranging  between  20*  and  40°  C.  This  can, 
however,  by  no  means  be  regarded  as  applicable  to  all  of  the  patho- 
genic bacteria,  as  some  of  these,  like  the  gonococcus,  the  pneumo- 
coccus,  the  tuberelc  baeillus,  and  others,  are  delicately  susceptible  to 
temperature  changes  and  have  the  power  of  growing  only  within 


Miqu^'l  Bnll.  dc  In  Stat.  Mtinie.  de  ParU,  1879 
T*iklinaki,  Ann.  pMt.,  18H9. 
Globig,  Zeit.  f.  Uyg.,  iii. 
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limits  varying  but  a  few  degrees  from  their  optimum.  Others,  on 
the  other  hand,  like  bacilli  of  tlie  colon  group,  Bacillus  anthraeis^j 
Spirillum  cholerae  asiaticse.  etc.,  may  develop  at  temperatures  as  low 
as  10*  C.  and  as  high  as  40°  C,  or  over.  The  range  of  temperature 
at  which  saprophytic  bacteria  may  develop  is  usually  a  far  wider] 
one.  When  temperatures  exceed  in  any  considerable  degree  the] 
maximum  growth  temperature,  the  vegetative  forms  of  bacteriaj 
perish.  Tluis,  ten  minutes'  exposure  to  a  tempernture  rif  Ix'tweeoJ 
55"  and  60''  C.  causes  death  of  the  vegetative  forms  of  most  micro-] 
organisms.  Death  in  such  cases  is  due  probably  to  a  coagulation  of] 
the  protoplafim,  and  sinep  all  such  prnet'sses  nf  coagulation  take  ptacaj 
best  in  the  presence  of  water,  the  thermal  dealh  point  of  most  bac*j 
teria  is  lower  when  heat  is  applied  in  the  form  of  boiling  water  on 
steam,  than  when  employed  as  dry  heat.  (See  section  on  Steriliza^ 
tion.) 

When  spores  are  present  in  cultures,  the  resistance  to  heat  is  enor*] 
mously  increased.  Exactly  what  the  explanation  of  tliis  is  can  not 
at  present  he  stated.  It  may  he  that  the  high  concentration  in  which 
the  protoplasmic  mass  is  found  in  the  spores  renders  it  less  easily 
coagulable  than  is  the  protoplasm  of  the  vegetative  body.  A  morft] 
detailed  discussion  of  these  relations  will  be  found  in  the  section  on] 
Heat  sterilization. 

The  thermal  death  points  of  many  bacteria  have  been  carefully] 
studied  by  i^ternberg.**  by  a  technique  described  elsewhere. 

The  thermal  death  points  a.seertained  by  him  in  this  way.  with  an 
exposure  of  ten  miiuites  in  a  fluid  medium,  for  some  of  the  more 
ecM&mon  non-sporogenic  bacteria  are  as  follows: 

Hpirillum  cholora?  asiatirtr  52'*  C. 

Diplococcufl  pneumonis:    .  52*  0. 

I  Wtreptoctjccus  pvogeoe* 54*  0, 

|.  Bacillus  t,vpbu«uB    . .. ..  .k»|tf.^4».«>.**».-k^  .» *  .> n*,.  66*  0. 

Bscillus  pyocj'aneuH   ^^, .-..*.-. 66*  C. 

Bacltlofl  mocofus  capsulatua 56*  C. 

BnriHuii  prodij^ioaus 58*  0, 

Staphylococcus  pyogenes  aureus 58*  G. 

Ooooooceus   60*  0. 

t^taphylooocous  pyogenes  albus 62*  C. 

The  bacillus  tuberculosis,  though  not  a  spore  bearer,  seems  to  bo 
slightly  more  resistant  to  heat  than  other  purely  vegetative  microor- 


^Stwmherff,  "Textbook  of  Bacteriology,"  New  York,  1901. 
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venience  than  of  acttial  scientific  classification.    Thus,  for  instance, 
all  stapea  of  metabolic  activity  fill  in  the  gap  between  the  synthetiz- 
m^  Mulphur  and  mirifying  bacteria  and  the  purely  katabolic  activ*^ 
itics  of  Bomc  of  the  aerobic  and  anaerobic  micruor^iiisms  whichtV 
cauae  putrefaction.    Growth  takes  place  Avithin  the  limits  of  a  wide 
tempf-ratare  ranjce,  and  the  specific  modes  of  life  and  cultural  condi- 
tions are  subject  to  the  widest  variations,  from  those  of  an  indi 
putably  useful  saprophytiiim  to  those  of  the  most  exquisite  par 
t«ti»m.     AlthooRh,  therefore,  strictly  speaking,  the  bacteria  can  I 
classified  as  a  whole  neither  in  the  animal  nor  in  the  vegetable 
realms,  being  nonchlorophrll-bearing,  they  are  for  convenience  clas- 
sific«l  with  the  fungi  or  r<»lorleas  plants. 

The  relationship  of  the  bacteria  to  other  simple  plants  may  be 
grapliically  represented  by  the  following  scheme: 

(Jrtptooamia 
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The  special  classification  of  the  bacteria  has  offered  still  greater 
difficulties,  for  the  lower  we  proceed  in  the  phylogenetic  scale  of 
living  beings,  the  h^ss  specialized  the  morphological  and  biological 
characteristics  of  any  group  become,  and  the  more  difficult  it  is  to 
establish  a  classification  which  can  in  any  way  be  regarded  as  final. 
It  is.  therefore,  quite  impossible  to  classify  the  bacterial  varieties  or 
species  on  any  basis  which  can  hope  to  satisfy  all  the  demands  of 
scientific  accuracy  and  it  is  necessary  to  resort  to  the  expedient  of 
Utilizing  some  one  characteristic  which  remains  constant  for  the 
individual  genus  and  to  base  upon  this  an  attempt  at  grouping. 
When  bacteria  were  first  discovered,  and  for  many  years  following, 
numerous  observers  contended  that  the  form  of  the  microorganisir 
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>rved  was  not  a  constant  one  for  each  genus,  but  that  cocci  could 
be  converted  into  bacilli  or  spirilla  according  to  en%'iroumental  cou- 
ditious.  It  was  Colin  ^*  wlio.  in  1872,  tirst  recognized  the  constancy 
of  the  morphology  of  bacteria  and  established,  upon  morphological 
basis,  a  classification  which,  with  minor  changes,  has  been  retained 
until  the  present  day.  Sueli  ciassifieations  can  not.  however,  be  re- 
garded as  anj^hing  more  than  a  convenient  make-shift  pending  the 
day  when  the  finer  structure  and  true  biological  relalioiis  of  the 
various  bacteria  shall  have  been  more  accurately  investigated.  The 
achorae  most  commonly  accepted  at  present  is  the  one  given  below, 
proposed  by  Migula:** 

Bacteria  (Schizomyeetes). — Fission  fungi  (chlorophyll  free),  cell  divisioa  iu 
one,  two,  or  throe  directions  of  Bface.  Many  varieties  possess  power  of 
forming  endospores.  Whenever  motility  is  present,  it  is  due  to  flagella. 
or,  more  rarely,  to  undulating  membranes. 

Family  I.   CoccArE^.— -Tells  in  free  state  spherical.    Division  in  one,  two, 

or  three  direrlions  of  space,  by  which  eaoh  cell  divides  into  two,  four, 

or  eight  segments,  each  of  which  again  develops  into  a  sphere.    Endo- 

spore  formation  rare. 
Oenus  I.   Streptococcus, — Cells  divide  in  one  direction  of  spact-  only,  for 

which  reason,  if  they  remain  connected  after  lission,  beud-Iike  chains 

may  be  formed.    No  organs  of  locomotion. 
Genus  21.   Micrococcus  (Stnphylocoe^'us). — Cells  divide  in  two  directions 

of  space,  whereby,  after  fission,  tetrad  and  grape-like  clusters  may  be 

formed.    No  organs  of  locomotion. 
Gen%is  ni.   Sarcina. — Cells  divide  in  three  directions  of  space,  whereby, 

after  fission,  bale-like  packets  are  formed.    No  organs  of  locomotion. 
Oenus  IV.    Planococcus. — Cells  divide  in  two  directions  of  space,  as  in 

micrococcus,  but  possess  flagelln. 
Gdtua  V.    Plano»arcitui. — Cells  divide  in  three  directions  of  space  as  in 

sarcina,  but  possess  flagella. 

Family  II.  Bacteriace^. — Cells  long  or  short,  cyliudricul,  straight,  never 
spiral.  Division  in  one  direction  of  space  only,  after  preliminary 
elongation  of  the  rods. 

Genus  I.    Bacterium, — Cells  without  flagella,  often  with  endospores. 

Genus  II.  Bac»7Zu5.-7-Cell8  with  peritrichal  flagella,  often  with  endo- 
spores. '  . 

"Cofcn.  "Beitrage  zur  Biol.  d.  Pflanzen."  Heft  1  u.  2,  1872. 
."Migula,  *'J3/iteiad.  Bakt,,"  Jona,  1897. 


I,     Ofnu4  IIL    Pieudotnonae. — Cells  witii  polar  flagella.    Endospores  o«ctir 
in  A  fuw  HpcrtcM,  hut  are  rare. 

>'4M(i.r  ill.   Hi*iniLLA(.'E.t:, — Cells  spirally  curved  or  representing  n  port  of 

a  Hpiral  run'*'.    Oivision  in  one  direction  of  spaee  only,  after  preceding 

^lotiKnlion  of  cell. 
(hnut  I,   SpirftMoitta. — Cells  -without  organs  of  locomotion.    Rigid. 
O$mi0   //.    Microitpira. — ('ells  rigid,  with  one  or,  more  rarely,  two  or 

"  "  ••  pdlnr  iindutntcHl  fla^r-lta. 
'     '"<'   ///.    .Vpin/ium.— Cells  rigid,  with  polar  tufts  of  five  to  twenty 

NaK*")!*  iiauftlly  curved  in  semicircular  or  flatly  undulating  curves. 
(Unum   !V.    Spirorha-te. — Cells  sinously  flexible.     Organs  of  locomotion 

iiMkfiowii,  paihapH  a  marginal  undulating  membrane. 

K^MMiT  IV.    ('|iUA«vw>HBACTKRiACE-K. — Forms  of  varying  stages  of  evolu- 

lltfh,  nII  pusnoMNing  a  rigid  sheath  (Uiille),  which  surrounds  the  cells, 

I'ltlU  iifiitod  in  branched  or  unbranched  tbreadtj. 
OtnuB    /,     Htrepioibrix, — Cells   united   in   simple,   unbranched    thi*eads. 

IllvUion  In  ono  direction  of  spac^^  only.     Reproduction , by  non-motile 

ntrhldta. 
//i>f»M«  //.    Cladothrix. — Cella  united  or  pseudodichotomously  branching 

lliM*Ni|<*.     IMvision  in  one  direction  of  space  only.   Vegetative  multipli- 

f'lillifn  by  KOparation  of  entire*  branches.     Reproduction  by  swarming 

ffiriim  with  polar  llngt^lla. 
fl**n4it  ///.   f'rfftothrijr. — Colls  united  in  unbranched  (breads,  at  first  with 

iti-intitri  In  i>n«  direction  of  space  only.     I^tor  the  coHs  divide  in  all 

Ihi'Mf   illiiH'tionift  rif  «pace.     The  daughter  cells  become   rounded   and 

ilitvulnp  Into  rvpKiductivc  cells. 
(itmitt  1 1  .   i^hragmiiUothrix. — Cells  at  first  united  in  nnbranohed  threads, 

fliviiliim   in   Ihire  directions  of  space,  thuii  furming  a  rope  of  cells. 

liMlff  m*\m  of  the  cctlis  amy  penetrate  through  sheath,  and  thus  give 

rlM  li>  bfAnchtfN. 
ihmi*  V      77t iVif A rir.— Unbranched,  non-motile  threads,  inclosed  in  fine 
^  •ItKNMm,     Divinion  of  cells  in  one  direction  only.    Cells  contain  sulphur 

Ul'MrMllPH' 

t 

f    KaMII'V  V,    Mr.*MnATOACiL«. — Tells  united  in  sheathless  threads.     Division 
\  jh  HMv  illrtM'tion  of  tipaoe  only.    Motility  by  undulating  membrane  as  in 

OiMilllMria, 
f/fifiuii  fl^gyintoa. — Cvlls  with  sulphur  granules. 

II  will  Im*  mru  \n  reviewing  the  classification  just  given  that  th 
r,.  I>ft|ff4  upon  (|ucstii)».s  of  form,  motility,  and  situf 

1 1  ,„,  M.;,     While  these  characteristicik^o  far  aa.^vG  know. '8 
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Boiiatant,  llure  an-,  nevoHhcless,  many  instances  m  which  tyiK-s^ 
entin-ly  similar  in  theso  n-spccts  must  be  diiTermtiatefl.  This  can  be 
done  only  by  careful  study  of  staining  reactions,  finer  atructvire, 
PHHnrwi  i.i.nin>.tftfi«fi.>t;   i^ui\  bi?l"gioal  aetivitioa 

As  a  mattor  of  fact,  while  the  botanical  classification  of  the  bac- 
teria offers  great  difficulties,  identification  is  not  so  complicated  a 
task  as  thi^s  would  indicate.  Tdif^ptificgtinn,  rnv^  r'^Mgbly  •m'^  ^r*  r\ 
morphologieal  basis,  is  further  carried  on  by  the  aid  of  cultural  chaj*- 
act4?nsticM.  by  hiocliemical  reactions  and  by  pathogenic  propertiea. 
The  bacteria  occupy  so  important  a  place  in  a^'iculture.  in  medicine, 
and  in  hygiene,  that  it  rarely  becomes  necessary  for  a  worker  in  any 
particular  field  to  survey  the  entire  group.  The  habitat  of  a  large 
number  of  species  is  so  well  known  that  this  consideration  alono 
often  gives  a  clue  to  actual  identification. 

Bacterial  Mutation. — The  earlier  views  of  bacteriologists  con- 
oerning  mutation  differed  greatly,  Naegeli  holding  that  extensive 
nuitation  was  probably  the  rule;  Cohn,  on  the  other  hand,  holding 
strictly  to  the  constancy  of  form  and  species.  The  accumulated  ex- 
perience of  many  liactcnologists  during  the  ye^rs  since  then  seems 
to  point  almost  entirely  in  the  direction  indicated  by  Cohn,  and,  in 
fact,  most  of  our  methods  of  classification  are  based  upon  the  as- 
sumption of  such  constancy. 

Form  alone,  of  course,  cannot  be  relied  upon  for  classification 
among  organisms  so  simply  constructed  that  the  possibilities  of 
variation  in  foi-ra  are  very  limited.  In  classifying  bacteria,  there- 
fore, we  are  forced  to  take  cogmzanco  not  oidy  of  morphology,  but 
also  of  staining  characteristics,  behavior  on  differential  media,  fer- 
mentation reactions,  pathogenicity,  and,  as  a  final  appeal,  reactions 
with  specific  immune  sera.  The  last  especially,  as  utilized  in  agglu- 
tination and  complement-fixation,  seems  to  indicate  a  fundamental 
eliemical  difTercnce  in  the  coiiKtitufi(ui  of  bacteria  often  morpho- 
logically very  much  alike.  It  is  certainly  a  remarkable  fact  that 
organisms  such  as  those  belonging  to  the  colon-typhoid-dysentery 
group,  though  morphologically  not  diiferentiable,  may  still  retain 
differences  both  in  pathogenicity  and  in  fermentation  powers  after 
being  kept  for  ten  or  more  years  in  laboratory  media,  and  we  have 
had  the  same  cxpencnce  with  organisms  belonging  to  the  diphtheria 
group.  The  vinilence  of  plague  and  anthrax  bacilli  may  be  retained 
for  years  in  storage,  and  such  evidence  shows  pretty  definitely  that 
fundamental  constant  difFerenees  between  .organisms  exist. 
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In  judging  of  mutation  wc  must  differentiate  between  temporary 
changes  of  secondary  charactcristies  which  revert  to  the  type  rapidly 
when  brought  back  to  the  normal  environment  and  those  whieli  con- 
stitute permanent  inherited  characteristics.  Of  recent  years  much 
work  has  been  done  on  this  question,  which  has  been  revived  very 
thoroughly  by  Eisenbcrg**  and  by  Vaughan.**  Systematic  cultiva- 
tion of  colon  and  typhoid  bacilli  in  the  hands  of  Twort.  Penfold  and 
others  seems  to  have  shown  that  agglutination  as  well  as  fermenta- 
tion characteristics  can  be  artificially  changed.  Furthermore,  color- 
produeiiig  organisms  like  the  prodigiosus  can  he  artificially  changed 
to  colorless  strains,  and  it  is  well  known  that  certaiii  microorganisms 
rapidly  lose  their  \Trulencc  when  cultivated,  and  that  the  \irulencefl 
can  only  be  brought  back  by  passage  through  animals,  llosenow  '*  ™ 
claims  recently  to  have  converted  hemolytic  streptoeucei  into  typical 
streptococcus  viridans,  pneumococcus  mueosus,  and  pnoumoeoceus-J 
like  organisms.  In  just  how  far  these  observati()n8  will  be  shown 
to  represent  true  permanent  mutations  we  are  not  at  present  ready 
to  determine.  If  if  will  be  found  that  organisms  typically  repre- 
sentative of  a  well-known  species  can  be  chnnged  in  the  animal  body 
or  in  culture  into  fonuH  recognizodly  typical  of  another  species,  we 
will  have  to  revise  our  classifications,  and  we  can  look  upon  the 
classes  as  now  established  merely  as  convenient  methods  of  making 
discussion  possible,  but  not  as  repreaenting  botanically  constant 
types. 

While  we  must  therefore  admit  that  a  considerable  degree  of 
mutation  is  possible,  we  do  not  ourselves  believe  that  the  evidence 
18  sufficiently  strong  to  undermine  the  prevailing  ideas  as  to  the 
constancy  of  species.  Most  mulati(mH  so  far  produced  have  readily 
reverted  to  type  when  subjected  to  proper  conditions. 
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THE   BIOLOGICAL  ACTIVITIEB  OF  BACTKRIA 


While  the  bacteria  pathogenic  to  man  and  animals  larf^cly  usurp 
the  attention  of  those  interested  in  disease  processes,  this  group  of 
mieroorganisms  is  after  all  but  a  small  spocializod  nfP-shoot  of  the 
realm  of  bacteria,  and.  broadly  speaking,  actually  of  minor  impor- 
tance. Surveying  the  existing  scheme  of  nature,  as  a  whole,  it  is  not 
an  extravagant  statement  to  say  that  without  the  bacterial  processes 
which  are  constantly  active  in  the  reduction  of  complex  organic  sub- 
stances to  their  simple  compounds,  the  chemical  interchange  between 
the  animal  and  vegetable  kingdoms  would  fail,  and  all  life  on  earth 
would  of  necessity  cease.  To  undei-stand  the  full  significance  of 
this,  it  is  necessary  to  consider  for  a  moment  the  method  of  the 
interchange  (»f  matter  between  the  animal  and  vegetable  kitigdoms. 

All  aiumals  require  for  their  sustenance  organic  compounds. 
They  are  unable  to  build  up  the  complex  protoplasmic  substances 
which  form  their  body  cells  from  chemical  elements  or  from  the 
simple  inorganic  salts.  They  are  dependent  for  the  manufacture  of 
their  food-stuffs,  therefore,  <lirectly  or  indirectly,  upon  the  synthetic 
nr  anabolic  activities  of  the  green  plants. 

These  plants,  by  ^-i^tue  of  the  chlorophyll  contained  within  the 
cells  of  their  leaves  and  stems,  and  under  the  influence  of  sunlight, 
possess  the  power  of  utilizing  the  carbon  of  the  carbonic  acid  gas 
of  the  atmosphere,  and  of  combining  it  with  water  and  the  nitro- 
genous salts  absorbed  by  their  roots,  building  up  from  these  simple 
radicles  the  highly  complex  substances  required  for  animal  susten- 
ance. 

These  products  of  the  synthetic  activity  of  the  green  plants,  then, 
are  ingested  by  members  of  the  animal  kingdom,  either  directly,  in 
the  form  of  vegetable  food,  or  indirectly,  as  animal  matter.  Thoy 
are  utilized  in  the  complex  laboratory  of  the  animal  body  and  are 
again  broken  down  into  simpler  compounds,  which  leave  the  body 
as  excreta  and  secreta. 

The  excreta  and  secreta  of  animals,  however,  are,  in  a  small  i 
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«*DODf?li  tf>  hv  (liroctly  utilize! 
',  uf  both  animals  2ind  plants 
«lMTg  of  matter  unless  new  factors 
finfl  Acnplt'  form  in  uliich  they  may 
iMteiiratory  of  tlu'  ^rucn  plant.    Agents  _ 
ida  are  requireil,  and  these  are  ■ 
•f  the  baet(*ria. 
we  also  important  in  tin-  proeess  of 


«f  S]tn>g4'n  available  for  plant  life  is 
Bt  in  tlte  atmoHpliere — a  condition  in 

^  raw  nrodnet  hv  the  plant.  This  ^ap 
found  in  \hv  riHjt  bnlhs  of  tho  logu- 
toaaeas  tlie  power  of  aHsiniilating  or 


r*rr:->sph<'rie  nitnigen  aud  its  pi-fnara- 
ilsfU:     Anotht-r  bacterial  activity 


anal>olic  proct^ss  is  the  oxidation  of 
m'^  Ji«npposition,  into  nitrites  and  nitrates. 
,  40MB  bacteria  of  the  soil.  These  are  to  be 
in  another  scrr.tioii. 

m,  iheri'fon*,  of  nitrogen  and  carbon 
and  thf  animal  kitigdonis,  by  virtue 
Itc  prucew  in  the  one,  and  a  liataholic  or 
olher,  rendi'ririjr  them  mutually  intcrde- 
The  fin'uit.   Imwcvfr,  is  not   by  any 
^OMv  are  importaitt  »;aj>s.  botlt  in  the  process  of 
trf'a^jnithesis,  which,  if  left  unbridgiHi  by  the 
tr  arrest    all    life-aelivity    of   i»knts    and 


therefore,  these  niinnte  microorganisms 
ihe  grt'Ut  cycle  cf  living  matter,  supplying 
4^^  rirvalation  of  both  nitrogenous  and  carbon 
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linnnf  JMr'*'"'"   ^^■■"    ^'"T^Wt  iil  the  fprmentj^. 
i  in  the  cleavage  of  proteins  and  fats. 
ied  out  to  a  large  extent  by  the,  yeasts,  but 
to  degree  l>y  baet<Mia.    Protein  decompoait ion 
af  fata  are  carried   out   almost  exclusively^ljy' 
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For  <»ur  kuowknlijrf.  nt'  tlu'  fumlBiiionlal  luws  uiulerlyiiitf  Ur'So 
phenomena  of  fermentation  and  protein  decomposition.  Me  arc  in- 
debted to  tJic  geniut)  of  Pa.steur,'  who  was  ihc  Hrst  to  prove  experi- 
mentally tlic  exelusive  and  specific.  i)arts  played  hy  various  miero<jr- 
gumams  in  these  proceiwes.  While  the  ohsorvationH  and  doduetions 
made  by  Pasteur  have  not  Iwien  greatly  modified,  a  large  store  of  in- 
formation has  been  gained  «ijice  his  time,  which  liati  thrown  addi- 
tional light  upon  the  chemical  details  and  llic  more  exact  mantier  nt' 
action  of  the  factors  involvetl. 

The  actual  work  of  cleavage  in  b4>th  fermentation  and  protein 
cleavage  is  carried  out  by  Hubstances  known  as  enzymes  or  ferments, 
the  nature  of  wliieh  we  must  fui'ther  discuss  before  their  manner  of 
action  can  be  fully  comprehended. 

Bacterial  Bnzymes  or  Ferments.^A  ferment  or  enz>Tne  is  a  sub^ 
stance  produced  by  a  living  cell,  winch  brings  alx>\it  a  chemical  re- 
action  without  entering  into  the  reaction  itself  The  enzyme  nseir  is 
not  Ixnind  to  any  of  tlie  end  products  and  is  not  appreciably  dimin- 
ished ill  quantity  after  the  reaction  is  over,  although  its  acti\'ity  may 
l>e  finally  inhibited  hy  one  or  ntutthcr  of  the  new  i>roducts.  The  action 
of  bacterial  enzymes  is  thus  seen  to  be  closely  similar  to  that  of  the 
chemical  agents  technically  spoken  of  as  "katAlyze]*s/'  represented 
chiefly  by  dilute  acids.  Tims,  if  an  atiueous  sohition  of  saccharose  is 
brought  into  contact  with  a  dilute  sohition  of  sulphuric  acid,  the  di- 
saccharid  is  hydmlyzcd  and  is  decomposed  into  levulase  and  dextrose. 

Thus: 


*  V  H, 


O,    +  C.H,,0„ 


in  contact  with  Dextrose         Levulose 

dilute  H,SO. 

During  this  process,  which  is  known  as  ''inversion,**  the  concentra- 
tion of  the  sulphuric  acid  remains  entirelj"  unchanged.  While  theo- 
retically the  changes  brought  about  by  enzymes  and  katalyzcj-s  are 
usually  such  as  would  occur  spontaneously,  the  time  for  the  sponta- 
neous oeeurrcnce  would  l>e,  at  ordinary  temperatures,  infinitely  long. 
The  definition  for  enzymes  and  katalyzers  is  given  by  Ostwald,  there- 
fore, as  *' substances  which  hasten  a  chemical  reaction  without  them- 
selves taking  part  in  it.*'  Kxactly  the  qnmo  rngi^]|  ^Y^i'^^'  ]^  c\Y*oir,aA 
by  tiie  use  of  dilute  .sulphuric  aeid  is  tau.sed  by  the  ferment  ^'invf-r- 
tase"  nrodnced.  for  instance,  bv  B.  megatherium^    Were  a  solution 


h  h  11  u*  I  \    \  N  n  TKTHN IQI IC 


iM'Ht,  >vitliout   kntalyzer  or  ferment,  a 
lull  liy  llii^  nuHllation  of  these  substances 
Ml  im  U  |iHitltut0tl  Whiunil  (Hh«»r  chemical  or  physical  rein- 

^. 

*lntfy    liMlWfftn  ontyinos  and  katalyzing  agents  is  very 
Hi*  I      I  i,  MN  itl|«(<'i(l)  ttt)th  katalyxerN  and  enzymes  bring  about 

fi).  .'Imim  bring  tiMfd  up  in  the  process,  botl^  aet 

^i  .  I     >t,  ititd  Ibo  renetions  brought  about   by  both 

lift        iMimlly  iH^tin  nhowu  In  be  reversible.    While  this  last  phe- 

|nfi«f'0>»ii  li«H  biT»i  viirloUNly  nIkiwh  for  kalalyzers,  the  proeess  of 
|:tM  I  ..il.llli^^  biiM  belli  denmnMlrftti'd  for  haeteriul  enzyme  aetion  only 
\u  .iiiNiMt     'rbn»,  it  hiM*  been  found  that  by  the  action  of  the 

lf\  iiii'    iitMllnnc  \\\uiu  eoruM-ntrated  dextrose  solutions,  a  re- 

f((Mn-.i  .  »*f  Huillimr  way  oeeur.  In  l>otli  cases,  moreover,  the  quan- 
1(1  r  w'  HMnyinit  III*  katalynor  is  infinitely  small  in  proportion  to  the 
ffflMMinl  tif  nml*'ibil  ('(inverted  by  their  aetion. 

'CluMit  U  M  eliim*  ubiiilnrity,  furthermore,  between  the  bacterial  en- 
MfM'M  niMl  <Im»  t(»rmentM  ]iroducod  by  specialized  cells  of  the  higher 
MtllMiliU  uiit)  ithtiitM.  For  instance,  the  action  of  the  ptyalin  of  the 
wnJlvM  Of  at  Ibi*  dlitMtHHc  obtained  from  plants  is  entirely  analogous  to 
llif>  *i»«rnli  Kplllilng  actitm  of  the  amylase  produced  by  many  bacteria. 

*hi»t  rtMlioM  of  nil  enzymes  depends  most  intimately  upon  environ- 

MMthlal   imniJHioiiM.      For  all   of  them   the  presence   of  moisture  is 

MNNDtillfil.    All  of  lliem  depend  for  the  development  of  their  activity 

H|iiiM  Ihn  e»ilHhMice  of  a  specifically  suitable  reaction.     Strong  acids 

UV  nlkalb'M  nlwnyM  irihibit,  often  destroy  them.    Temperatures  of  over 

'fO"  <'    |i»'i'noiMi'ntly  destroy  most  enzymes,  whereas  freezing,  while 

liiTiltlng  their  aetion.  causes  no  permanent  injury,  so 

•  in^~their  activity  may  Ix*  found  almost  unimpaired. 

I  may  injure,  but  rarely  destroys,  ferments.    Against 

lliii  wmUrr  dminfeetants  in  common  use«  enzymes  often  show  a  higher 

reNlNtAFic4<  than  do  the  bacteria  which  give  rise  to  tliem. 

TliM  optimum  conditions  for  enzyme  action,  then,  consist  in  the 
lirMiMicit  of  moiature,  the  existence  of  a  favorable  reaction,  weakly 
ae|d  or  alkaline,  as  the  ease  may  be,  and  a  temperature  ranging  from. 

Proteolytic  Enzymes.— In  nature,  the  decomposition  of  dead  ani- 
itint  and  vcKitable  matter  occurs  only  when  the  conditions  are  favor- 


n 
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* OppffnKttimer,  "Die  Ferniente,"  etc.    Leipzig,  1900. 
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auie  for  bacterial  dcvolopniont.  Thus,  as  is  well  known,  freezing, 
sterilizing  by  heat,  or  the  addition  of  disinfectants  will  prevent  the 
rotting  of  organic  material. 

h\  the  laboratory,  the  presence  of  pr*^tooly*if^  or\7ynyoa  io  HM^r, 
niined  chiefly  l>y  tln^  power  of  IjjjictrrJA  tn  li<|tipfy  gplAtin,  fihrin,  np 
Aftftgiilftti'd  hlr^f^A  <onim  These  ferments  are  not  always  secretions 
from  the  haetprinl  poll,  hnt  in  some  cases  may  be  closelv  hound  to 
tht*  fi'll.hfifly  nnt\  ^ppnrnhh*  only  by  extraction  after  death.  In  such 
cases  th*^y  niT  gp''*^'''"  r^^  «*=  nnrlfwrfyyiMPfj     Whcncvcr  they  are  true 


secretory  products,  however,  they  can  be  obtained  separate  from 
the  microorganisms  which  form  them  by  filtration  through  a  Berke- 
feld  candle.  From  sucJi  filtrates  they  may,  in  some  cases,  be  obtained 
in  the  dry  state  by  precipitation  with  alcohol.  When  obtained  in 
this  way  the  precipitated  enzyme  is  usually  much  more  thermostable 
than  when  in  solution,  for  while  soluble  enzymes  in  filtrates  are 
usually  destroyed  by  TC  C,  and  even  leas,  the  dried  powder  may 
occasionally  withstand  140*  C.  for  as  long  as  ten  minutes.' 

Apart  from  the  general  conditions  of  temperature  and  moisture, 
the  development  of  these  enzjTnes  seems  to  depend  directly  upon  the 
presence  of  proteins  in  the  culture  media.  The  number  of  bacterial 
species  which  produce  proteolytic  cnz^tTncs  is  legion.  Among  those 
mnrp  ennnnftUlv  ^*'^  ^^'^^h  t\yi^^  stflphvlncnecj,  B.  subtitiSj  D.  proteiLS,  ft. 
fa?calis  liguctWicuSr  8i)irillum  eholcia!  asiaticte.  B.  anthracis,  B. 
tetani.  B.  pyftpvaTipiis^  nnA  a  largp  lumber  of  others.  The  inability 
of  any  given  microorganism  to  liquefy  gelatin  or  fibrin  by  no  means 
entirely  excludes  the  formation  by  it  of  proteolytic  enzymes,  since 
these  ferments  may  often  be  active  for  one  particular  class  of  protein 
only. 

In  order  to  study  the  qualitative  and  quantitative  powers  of  any 
given  bacterial  proteolyzing  enzyme  or  protease,  it  is,  of  course, 
necessary  to  study  these  processes  in  pure  culture  in  the  test  tube 
with  media  of  known  composition.  In  the  refuse  heap,  in  sewage,  or 
in  rotting  excreta,  the  process  is  an  extremely  complicated  one,  for 
besides  the  bacteria  M'hich  attack  the  protein  molecule  itself,  there 
are  many  other  species  supplementing  thcHc  and  each  other,  one 
species  attacking  the  more  or  less  complex  end-produets  left  by  the 
action  of  the  others. 

Exactly  what  the  chemical  reactions  are  which  take  place  in  these 


*KtfArmaftff,  "Die  Bakterienzyme/ '  p.  42. 
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elc&vages  is  not  entirely  clear.    It  is  believed,  howovor.  that  most  of 
the  ele&vages  arc  of  an  liydrolytic  nature. 

In  general,  the  action  of  the  protein-splitting  formenta  is  com- 
parable to  that  of  the  pancrt-ntic  ferment  trypsin,  and  they  arc  liiost 
often  active  in  au  alkaline  environment.  They  difFrr,  among  them- 
jielves,  in  the  extent  to  which  they  are  able  to  reduce  the  protein 
molecule  to  its  simple  radicles,  some  types  leading  to  a  relatively 
mild  ekavage,  while  others,  of  the  proteus  type,  yield  amino  aeids. 
Many  species  of  bacteria  wliicli  are  unable  to  secrete  a  proteolytic  ■ 
enzymOt  nevertheless  produce  erepsin-like  ferments  which  readily 
ftltacsk  peptones  or  polypeptides,  with  the  formation  of  amino  acids. 

A  distinction  is  occasionally  made  between  the  terms  putrefaction 
and  dfcaxj,  the   former   being  nsi'd   to   refer  to   the   deeorppiv^itinn 
jaking  plaee  under  anacrobiff  conditiona,  that  i?;,  iu  tiie  abst^net'  of 
oxygen,  «  pr"*"'*^*^  rt-milting  in  the  production  of  amino  acids.  IIJ>, 
indole.  Klcatole  and  partieularly  the  mereaptans.  which  cause  the 
highly  ofTeiiflive  odor  cliaract eristic  of  this  type  of  decomposition.    . 
The  gases  generated  in  such  decomposition  are  larg;ely  made  up  of  I 
CO,  and  hydrogen.     The  coincident  presence,  furtliermore,  of  the 
carbohydrate-splitting  bacteria  and  of  denitrifying  microorganisms    ■ 
renders  the  actual  process  of  puti-efaction  a  chaos  of  many  activities    \ 
in    wtdch    thi;    end-produrta    and    by-products    are    qualitatively 
determinable    only    with    little    precision,    and    winch    completely 
defies  any  attempt  at  cpiaiititative  analysis.    Decay  is  the  term  used 
to  signify  decomposition  under  aerobic  conditions,  leading  primarily 
to  the  fonnation  of  amino  acids,  which  are  as  a  rule,  changed  further 
to  carbon  dioxide,  water  and  ammonia,  often  together  with  ll^S  and 
less  completely  decomposed  substances,  such  as  indole  and  various 
amines.    Mercaptans  are  never  formed  ami  the  foul  odor  of  pntrc- 
faction  is  UiiX  present  in  tiiis  aerobic  proteolysis.* 

Ptomaines. — Very  early  in  the  study  of  the  products  of  bacterial 
growth,  ft  numhrr  of  well  defined  erystalline  basic  substances  were 
isolated  from  protrin  material  whi**h  had  undergone  baetcrial  putre- 
faction. Those  rec'^i^'^d,  n^  »  r>I.ntt>^  -thi.  nnm^  />f  pi^mnintv  (from 
■TTM/m,  a  tfead  body),  and  were  shuwn  to  he  toxic  when  fed  to 
oFinJeeted  into  apimals.  ^It  wa.s  atti-mpted,  at  the  time  of  their 
discovery,  to  explain  the  action  of  pathogenie  bacteria  on  the  basis 
of  a  prodttotioa  of  ptomaines  or  related  substances.     This  soon 


'  Rritgrr  nnd  S'ewtU,  Jour,  of  Biot  Chem.,  xll,  IftlB,  341. 
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proved  not  to  he  the  oaao,  for  not  only  were  these  basog  nrvor  toxic 
in  tlic  niinutf  dos**  sufticienl  for  the*  true  toxins  of  diphtheria  and 
tt^tanus,  hut  the  anatomical  lenions  produced  were  different.  More- 
over, true  haeterial  toNins  seemed  to  he  t'onned  to  a  great  extent 
independent  of  the  eoinposition  of  the  media  upon  which  growth 
was  obtained,  while,  as  will  Iw  aeon,  ptomaine  produetion  depends 
direetly  upon  the  constitution  of  the  substrate,  t^iually,  nothing  in 
the  nature  of  antitoxin  production  could  be  shown,  following  suble- 
thal injections  of  the  ptomainea.  While  il  is.  therefore,  not  possible 
to  account  for  the  symptoms  of  liaeterial  action  in  the  body  on  the 
basis  of  ptomaines,  it  is  not  impossible  that  the  ptomaines  them- 
Helves,  if  ingested  in  food  which  has  undergone  some  putrefactive 
changes,  may  occasionally  caxise  sickness.  Food  poisoning  of  this 
variety  was  formerly  believed  to  he  very  common,  and  was  deseriln^d 
under  various  names,  askreatoxismus  (meat  poisoning),  tyrotoxismus 
(cheese  poisoning)  and  sitotoxismus  (vegetable  poisoning).  At 
present  there  is  much  qiu'stion  as  to  whether  food  poisoning, 
wherever  met  with  (cx<-epting,  of  course,  botulism,  which  is  caused 
by  the  ingestion  of  a  true  bacterial  toxin),  is  not  caused  by  the 
presence  of  living  bacteria  of  the  (Jartner  tj'pe  in  the  food,  and  not 
to  ptomaines.'*  It  is  quite  possible,  on  the  other  hand,  that  bacteria 
presi'nt  in  the  intestine  may,  under  certain  eonditions,  act  up  putre- 
factive changes  in  the  large  bowel,  leading  to  th<^  formation  of 
ptomaines  or  closely  allied  substances  which  can  be  aVisnrbed  directly 
and  cause  illness. 

Chemically,  the  ptomaim's  are  bases  produced  by  the  splitting 
out  of  COa  from  the  acid  group  of  the  amino  acids.  Aminos  have 
been  isolated  resulting  from  this  form  of  decomposition  of  practically 
all  the  known  amino  acids.  Of  historic  interest  are  putrescine  and 
cadaverine.  The  former  is  produced  by  the  decarboxylation  of 
ornithine,  thus; 

CH2(NH2)CH2.rn2CH(NHa)aX>H - 

CH2(NH2).CH2-CH2CH2(NH2)4-C02 


Cadaverine  w  similarly  formed  from  lysine.  Both  these  bases 
possess  relatively  slight  toxicity.  Much  more  highly  toxic  is  the 
base  histamine,  obtained  in  an  entirely  analogous  manner  from  his- 


*  Jordan,  *'Foo.I  Poiaoninjf,"  TTniveinity  of  Chicago  Prtsa,  1917. 
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tidine.  Some  light  Hfcms  to  have  bt'eu  shed  on  tlie  uieehuniHin  of 
this  process  of  decarboxylization  by  Koessler  and  Haiikc/  who 
found,  while  investigating  the  production  of  histamine  by  B.  eoli, 
that  it  was  formed  only  in  cultures  in  which  considerable  quantities 
of  acid  were  being  produced  at  the  same  time,  and  they  believe 
that  the  production  of  this  strongly  basic  substance  offsets  to  a 
degree  the  acid  production  and  enables  th»^  organisms  to  develop 
further  before  the  H-ion  concentration  reaches  the  point  of  inhibi- 
tion. Sepsine,  another  base  of  unknown  composition,  but  probably 
related  in  structure  to  the  other  ptomaines,  has  been  isolated  by 
Faust  from  putrid  yeast,  and  has  been  shown  to  be  highly  toxic. 

In  breaking  down  animal  excreta,  the  task  of  the  bacteria  is 
rather  a  simpler  one  than  when  dealing  with  the  eadavei-s  them- 
fielves,  for  here  a  part  of  the  cleavage  has  already  been  carried  out 
either  by  the  destructive  processes  accompanying  metabolism,  or  by 
partial  decomposition  by  bacteria  begun  within  the  digestive  tracts 
This  material  outside  of  the  body  is  further  reduced  by  bacterial 
enzymes  into  stili  simpler  substances,  the  nitrogen  usually  being 
liberated  in  the  form  of  ammonia.  One  example  of  such  an  am* 
moniaeal  fermentation  may  be  found  in  the  case  of  the  urea  fermen- 
tation by  Micrococcus  ure»,  in  which  the  cleavage  of  the  urea  takes 
place  by  hydrolysis  according  to  the  following  formula : 

(NH,),  CO  +  2H3  0  =  CO,  +  2XH,  +  H,  0 

Similar  animuniacHl  fermentations  are  carried  out,  though  perhaps 
according  to  less  simple  formulie.  by  a  large  number  of  microor- 
ganisms. Perhaps  the  most  common  species  which  possesses  the 
power  is  the  group  represented  by  B.  proteus  vulgaris  (Hauser). 

FVom  what  has  been  said  it  follows  naturally  that,  so  far,  the 
decomposition  of  the  protein  nioleeule  from  its  complex  strueture 
to  ammonia  or  simple  ammonia  compounds  is  an  indispensably  im- 
portant  function,  not  only  for  agriculture,  but  for  the  maintenance 
of  all  life  processes.  It  is  eluar,  on  the  other  hand,  that  a  further 
decomposition  of  ammonia  compounds  into  forms  too  simple  to  be 
utilised  by  the  green  plants  would  be  a  decidedly  harmful  activity. 
And  yet  this  is  brought  about  bv  the  so-called  demtrifying  bacteria 
which  will  be  considered  in  a  subsequent  section. 


<  KontUr  mod  Hauke,  J.  Biol.  Cbcm.,  1019,  39,  539. 
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Lab  Enzymes. — Tlicre  are  a  number  of  ferments  produced  by 
bacteria  which,  although  affecting  proteins,  can  not  properly  be 
elassified  ^vith  the  proteolytic  enzymes.  Tliese  are  the  so-called 
coagulases  or  lab  enzymes,  which  have  the  power  of  producing 
eoagxilation  in  liquid  proteins.  Just  what  chemical  process 
underlies  this  coagulation  is  not  known.  If  HammarstenV 
conclusions  as  to  the  hydrolytic  nature  of  tlie  ehangos  produced 
by  them  are  true,  these  enzymes  are  brought  into  close  relationship 
to  the  proteolyxers,  although  a  coagulation  can  hardly  be  regarded 
as  a  true  katnbolir  process.  In  milk  where  the  lab-action  In'comea 
evident  by  precipitation  of  casein,  a  strict  differentiation  must  be 
made  between  this  coagulation  and  that  brought  about  by  acids  or 
alkalies.  Tn  the  former  case,  easein  is  not  only  precipitated  and 
converted  into  paracasein,  but  is  actually  changed  so  that  when 
redissolved  it  is  no  longer  precipitated  by  lab.* 

Coagulating  enzymes  for  milk  proteins,  blood,  and  other  pt-otein 
solutions  are  produced  by  a  large  variety  of  bacteria.  Tliey  have 
been  observed  in  cultures  by  the  cholera  vibrio.  B.  prodigosua,  B. 
pyocyaneus,  and  several  others.** 

The  lab  enzymes  are  easily  dt^stroj'cd  by  lemperaturrs  of  70"  C. 
and  over,  and  are  very  susceptible  to  excessive  acitlity  or  alkalinity. 

Pat-Splitting  Enzymes  {Lipajtf). — The  fat -splitting  powers  of 
bacteria  have  In-en  Irss  studied  than  some  of  the  other  bacterial 
functions  and  are  correspondingly  more  obscure.  It  is  known,  never- 
theless, that  the  process  is  due  to  an  enxyme  and  that  it  is  probably 
hydrolytic  in  nature.  The  follonnng  formula  represents  the  simplest 
method  in  which  some  of  the  molds  and  bacteria  produce  cleavage 
of  fats  into  glycerin  and  fatty  arid: 

Cs  Hft  (C«  Hjo- 1  <hh  -K  3H2  O  -  Cz  Hs  (OH3)  -h  3Cn  Ha^  O2 

Glycerin         Fatty  acid 

Some  of  the  bacteria  endowed  with  the  power  of  producing 
lipase^  are  the  cholera  spirillum,  D.  fJuoreacens  liouefaciens.  B. 
prodigiosus^  B.  pvnevaMeus.  Staphylococcus  pyogenes  aureus,  anj. 
some   members   of   the   strcptothrbc   family.     The   methods  of   in- 


^  Hammarsten,  '•  Textbook  of  Physiol.  ChemiuUy, "  TranBlation  by  Mandel. 
*Oppenhc\mrT,  * '  Die  Fennento  u.  ihrp  Wirkung, "  Leipzig,  1903. 
•ToriM,  Atti  (lei  laborat.  d.  sanita,  Rome,  IfiftO. 
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vrKtigatiii^ir  this  iunctioii  of  baotoria,  originated  by  Ejkmanii,'"  t'on- 
aibts  iu  coveriug  the  bottom  of  a  Petri  dish  with  tallow  aiul  pouring 
over  this  a  thin  layer  of  agar.  Upon  this,  tht*  bacteria  are  plaiilud. 
Any  diffusion  of  lipase  from  the  bactei-ial  colonies  beeomes  evident 
by  a  formation  of  white,  opaque  spots  in  the  tallow.  Carriere'*  was 
able  to  demonstrate  a  fat-splitting  ferment  for  the  tubercle  bacillus. 
Apart  from  the  importance  of  these  enzymes  in  nature  for  the 
destruction  of  fats,  they  are  industrially  important  because  of  their 
action  in  rendering  butter,  milk,  tallow,  and  allied  produeta  rancid, 
and  are  medically  of  interest  for  their  action  upon  fata  in  the  intefr* 
tinal  cannl. 

Enzymes  of  Fermentation  (Th^  Ckavaga  of  Carbohi^rateH  hy 
Bacteria). — The  power  to  assimilate  carbon  dioxide  from  the 
atmosphere  is  possessed  only  by  the  green  plants  and  some  of  the 
colored  alga*,  and  the  sulphur  or  thiobaeteria.  All  other  living 
beings  arc  thus  dependent  for  their  supply  of  carbon  upon  the 
synthetic  activities  earried  on  by  these  plants  to  the  same  degree 
in  which  they  are  dependent  upon  similar  processes  for  their  nitrogen 
supply.  The  return  of  this  carbon  to  the  atmosphere  is,  of  course, 
brought  about  to  a  large  extent  by  the  respiratory  processes  of  the 
higher  animals.  The  earbon,  which,  together  with  nitrogen,  forms 
a  part  of  protein  combinatiouH,  is  freed,  as  we  have  seen  in  a  previous 
section,  by  the  processes  of  protein  cleavage.  That,  however,  which 
is  inclosed  in  the  carbohydrate  molecule,  Is  set  free  by  the  action 
of  yeasts,  molds,  or  bacteria,  by  an  enzymatic  process  similar  in 
every  respect  to  that  described  above  for  the  process  of  protein 
cleavage. 

Fermentation. — The  power  o£ carbohydrate  eleavage  is  posseased 
by  a  large  number  of  the  yeasts  and  baetcria.  The  process,  as  has 
been  indicated,  is  of  great  importanee  in  the  cycle  of  carbon  eom- 
pounds  for  the  return  of  carbon  to  its  simplest  forms,  and  is,  further- 
more, as  will  be  seen  in  a  later  seetion,  of  great  utility  in  the  indus- 
tries. In  each  case  the  power  to  split  a  particular  carbohydrate 
is  a  more  or  less  specific  characteristic  of  a  given  species  of  micro- 
organism. an<l  for  tliis  rensnu  has  bf'en  extensively  used  as  a  method 
for  the  biological  differentiation  of  bacteria.  In  the  coursr  ^f  min'h 
careful  work  upon  this  question   ithas  been  ascertained  that   the 


■  iRjkmann,  Cent.  f.  Bakt.,  f,  ««,  1»01. 
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^odfic  parboliydrate-Hplitting  powers  of  a»y  given  species  are  con- 
stant arift  unchaniged  th rough  many  generations  of  artificial  cultiva- 
tion. Tlins.  dilYoi-entialion  of  the  Uran»-negative  bacteria,  the 
diphtheria  prroiip,  and  to  some  extent  of  the  members  of  the  pneu- 
mococcus-streptoeoccus  prroup,  ean  now  largely  be  made  by  a  study 
of  their  sngai'  fomientatioiis. 

.  - '  In  most  of  ttieso  eases,  as  far  as  we  know,  the  cleavage  is  produced 
by  a  process  of  hydrolysis.  A  convenient  nomenclature  which  has 
been  adapted  for  the  designation  of  these  ferments  is  that  wliieh 
employs  the  name  of  the  converted  carbohydrate  adding  the  suffix 
'*ase"  to  indicate  the  enzyme.  There  are  thus  ferments  known  as 
amylase^  eellulase,  lactase,  etc, 

AmyUme  (Diastase  or  Amylolyiic  Ferment). — Amylases  or  starch- 
«;plifti»ir  unYvnu-^  nn-  fnrmi'd  hv  manv  ulanta  (malt)  and  by_animal 
organs  (pancreas,  saliva,  liver).  Amt>n^  microorganisms  amylase 
is  produced  by  many  of  the  stroptothrix  group,  by  the  spirilla  of 
Asiatic  cholera  and  of  PHnkler-^^rior.  hy  H,  Antlira^j^.  aiul  maiiv 
other  bacteria.  A  large  number  of  the  bacteria  fotind  in  the  soil, 
furthermore,  have  been  shown  to  produce  amylases.  Hy  eultivaling 
bacteria  upon  stnrch-asrar  plates,  amylase  ean  Im>  readily  demon- 
strated i>y  a  clearing  of  the  medium  immediately  surrounding  the 
colonics.'- 

Sinee,  of  course,  there  are  several  vaneties  of  starches,  it  follows 
that  the  exact  chemicBl  action  of  amylase  dirt'ers  in  individual  cases. 
The  determination  of  *he  structural  disintegration  of  starch  by  tlieae 
ferments  is  fraught  with  much  difficulty,  owing  Xjo  the  polymeric 
constitution  of  the  starches.  Primarily,  however,  a  cleavage  takes 
place  into  a  disaeeharid  such  as  maltose  (hexobiose),  and  the  non- 
reducing  sugars  and  dextnn.  Heyond  this  point,  however,  the 
fui'ther  cleavages  are  subject  to  mueh  variation  and  are  not  entirely 
clear.  The  dextrins  upon  further  reduction  yield  eventually  maltose. 
and  this  in  turn,  dextrose. 

Another  most  iiitcrcsting  example  of  araylolytie  activity  is  the 
fernn*ntati(>n  of  starch  hy  such  organisms  as  the  B,  Oranulobacter 
Pectinovorum  with  the  production  of  acetone  and  butyl  alcohol. 
This  reaction  is  now  used  industrially  for  the  preparation  of  acetone, 
using  a  corn  meal  mash  as  the  substrate.  Dextrose  is  first  formed, 
and  from  this,  acetone,  butyl  alcohol,  acetic  and  butyric  acid,  to- 
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gether    with    hydrogeu    and    COj    are    produced.      The    chemical 
mechanism  of  the  fermentation  is  thus  seen  to  Ik^  highly  eomplox.*\ 

Cellulose. — OUulose  is  fermented  by  a  limited  number  of  bacteria, 
most  of  them  anaerobes.  The  chemical  process  by  which  this  takea'| 
place  is  but  poorly  understood." 

Gelase. — An  agar-splitting  ferment  has  boon  found  by  Gran. 

Invcriase.—T]\^  ^nzvmca  which  hvdrolytieaHy  i'i\\\Hi'  flfftvayr  nf 
saccharose  into  dextrose  and  leinilosi'  nvo  numerous.  The  cheraieal 
process  takes  place  according  to  the  folhmintr  foiiruila; 

C„  H„  On  +  H,  O  =  i\,  H,.,  (>,  +  (',  H,,  ()« 
Saccharose  Dextrose       Levulosc 


Inverlase  is  pi-oduced  by  many  of  the  yeasts.  It  is  one  of  the 
common  of  the  enzymes  produced  by  bacteria,  and  has  been  found  inj 
nilturcs  of  H.  megatherium,  B.  subtilis,  pneumococcus,  some  streptofj 
^tocei,  B,  coli,  and  many  others.  Invertase  is  usually  very  suscfptiblel 
Jo  heat,  bt^ing  destroyed  by  temperatures  of  70°  C.  and  over.  A 
slightly  acid  reaction  of  media  abets  the  inverting  action  of  these 
enzymes.  Strong  acids  and  alkalies  inhibit  them.  Inverting  enzymeS; 
may  be  precipitated  out  of  solution  by  alcohol.  Antiseptics  evci 
in  weak  concentrations  will  inhibit  their  action. 

Lactase. — Lactose-splitting  ferments  are  extremely  eommon  both 
among  bneteria  and  among  the  yeasts.  The  process  is  here  again  a 
hydrolytic  cleavage  resulting  in  the  formation  of  the  mouosaeeharids^ 
dextrose  and  galactose, 

Maltafte. — A  maltose-splitting  ferment  has  also  been  found  in  the 
cultures  of  many  bacteria,  leading  to  the  formation  of  dextrose. 

Lactic  Acid  Fermentation. — Lactic  acid  (oxyproprionic  acid, 
Cb  H«  Oa)  is  one  of  the  most  common  substances  to  appear  among 
the  products  of  bacterial  activity,  both  in  meilia  containing  carbohy- 
drates and  in  those  consisting  entirely  of  albuniinous  substances. 
In  most  of  these  cases,  the  lactic  acid  is  formed  merely  as  a  by- 
product accompanying  many  other  more  complicated  chemical 
cleavages.  In  some  instances,  however,  lactic  aeid  is  produced  from 
carbohydrates,  both  disaccharida  and  monosaccharids,  as  an  almost 


**Spe€ikmcn,  Jour,  of  Biol.  Chem.,  xU.  1920,  319;  xIHi,  1920.  401. 

**  Om€l\<iMk\.  Lafar's  "Hnndh.  t\.  Xt^hn.  Mvkologie,"  Bii.  lii,  Chap.  9. 
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pufo  product  duo  to  a  specific  bio-chemical  process.  The  reactions 
taking  place  in  this  phenomenon  may  be  briefly  expressed  according 
to  the  following  formulae: 

C»H„0n+H,0  =  4C,U,0, 

Lactose  Lactic  acid 


or 


Dextrose     Lactic  acid 


In  the  same  way  lactic  acid  may  be  produced  by  bacteria  from 
U'viilosc. 

Examples  of  lactic  acid  formation  are  furnished  by  the  strepto- 
CQCCU.S  laeticus,  and  1^.  lactis  aerogencs.  In  the  case  of  the  former, 
the  fermentation  may  indeed  proceed  by  the  simple  ehemieai  process 
indicated  in  the  formula?,  since  the  action  of  the  bacillus  is  entirely 
unaccompanied  by  the  evolution  of  gas. 

Nnmei*ous  other  Iracteria  produce  large  amounts  of  lactic  acid 
from  lactose,  possibly  by  chemical  processes  less  simply  formulated. 
Among  these  are  bacilli  of  the  colon  group.  H.  prodigiosua,  H.  prolcnis 
vulgaris,  and  many  others.  Although  lactic  acid  is  usually  the  chief 
(roduct  in  the  bacterial  fermentation  of  the  simpler  carbohydrates, 
acetic,  formic,  and  butyric  acids  may  often  be  found  as  by-products 
in  variable  amounts.** 

Oxydasts  (Oxydhing  Enzymes). — The  most  common  example  of 
oxidation  by  means  of  bacterial  ferments  is  the  production  of  acetic 
acid  from  weak  solutions  of  ethyl  alcohol.  This  process,  which  is 
the  basis  of  vinegar  production,  is  universally  carried  out  by  bac- 
terial ferments.  While  possessed  to  some  extent  by  a  considerable 
number  of  microorganisms,  acetic  acid  formation  is  a  function  pre- 
eminently of  the  bacterial  groups  described  by  Hansen,  including 
'Bacterium  aceti"  and  "Bacterium  pastenrianum. "  To  these  two 
\)rigina1  groups,  a  number  of  others  have  since  been  added. 

The  organisms  are  short,  plump  bacilli,  with  a  tendency  to  chain- 
formation,  and  occasionally  showing  characteristically  swollen 
centers  and  many  irregular  involution  forms.  In  the  production 
of  vinegar,  as  generally  practiced  by  the  farmer  with  eider  or  wine, 
these  bacteria  accumulate  on  the  surface  of  the  fluid  as  a  pellicle 


"Buehner  oml  iffiMenhrimer,  Ber,  d.  Deut.  chem.  Oesdlscli.,  xxxxl,  1903. 
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or  scum  whieh  is  papularly  known  as  the  "mother  of  vinegar/' 
Destruction  of  these  haeteria  by  disinl'eetauts  or  by  iiterili;ULtion 
with  heat  promptly  arrests  the  process  of  vinegar  formation. 
Chemically,  the  conversion  of  the  alcoliol  consists  in  a  douhle  oxida- 
tion through  ethyl  aldehyde  into  acetic  acid  as  shown  in  the  follow- 
ing formuloe: 

1.  C,H.  (OH)  +  0  =  ClI,  (COH) 
Alcohol  Ethyl  aldehyde 


2.  cir,  (cou)  +  0 


CH,  (COOH) 
Acetie  acid 


Alcoholic  Fermentation  (ZynuMc). — The  formation  of  alcohol  as 
an  end  prwluet  of  fermentation  is  of  i^eat  importance  in  a  number 
of  induHtries,  primanly  in  the  production  of  wine  and  beer. 
While  a<*4*omplished  by  a  number  of  bacteria,  this  form  of  fermen- 
tation is  carried  out  eliii-fly  by  the  yeasts. 

Kxpreased  in  formulw  the  simplest  varieties  of  alcoholic  fermen- 
tation^ from  mono-  and  disaccharids,  may  be  represented  as  follows : 

(;^„o«  =  2cy^„(OH)  +  2co, 

DextroBir         Kthyl  alcohol 

t'l  AiOm  +  H,  O  =  4C,H,(0H)  +  400, 

Saccharose*  Ethyl  alcohol 

In  all  caaea  the  process  may  not  be  so  simple  as  indicated  by  the 
equations,  since  by-products,  such  as  higher  alcohols,  glyceiin,  suc- 
cinic and  acetic  acids,  may  often  be  found  in  small  traces  among 
the  end-pro<lucts  of  such  fermentations.  The  conditions  whicli  favor 
alcoholic  fermentation  by  the  yeasts  are  extremely  important,  since, 
upon  oljservancc  of  these,  depends  much  of  the  uniformity  of  result 
which  is  so  desirable  in  the  industries  mentioned  above.  Tlie  opti- 
mum concentration  of  sugar  for  the  .production  of  the  highest  quan- 
tity of  alcohol  is  at  or  about  25  per  cent.  The  temperature  favoring 
the  process  ranges  about  30"^  C*.  ITnder  such  conditions  fermenta- 
tion may  continue  until  the  alcohol  forms  almost  a  20-per-cent 
solution.  Most  of  the  fermentations  important  in  the  wine,  beer, 
and  spirit  industries,  take  place  under  anaerobie  conditions,  since 
tlie  carbon  dioxide  which  is  formed  soon  shuts  out  any  excess  of  air. 
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In  the  industrial  employment  of  yt-asts  for  ft-rmontativf  pur- 
poses, it  is  necessary  lo  work  willi  spi'vilii'  struiiiH,  and  in  sci^n- 
tUically  conducted  vineyards,  breweries,  and  distillcriea  the  iitudy 
and  pure  cultivation  of  the  yeasts  form  no  unimportant  pari  of 
the  work.  Certain  races  of  yeaata  arc  more  uniform  in  their  fermen- 
tative powers  than  others,  and  the  by-products  formed  by  some 
races  differ  sufficiently  from  those  of  other  races  to  cause  material 
differences  in  the  resulting  substances.  In  the  wine  industries, 
the  yeasts  differ  much  from  one  another  according  to  climatic  and 
other  environmental  conditions.  In  vineyards,  natural  inoculation 
of  the  grapes  occurs  by  transportation  of  the  yeast  from  the  soil 
to  the  surface  of  the  grapes  by  wasps,  bi^ea,  or  other  insects,  through 
whose  alimentary  canals  the  microorgnnisms  pass  uninjured.  In  the 
autumn  the  yeast  is  retui'ned  to  the  soil  by  falling  berries  and 
remains  alive  in  the  upper  layers  of  the  ground  throughout  the 
winter  months.  Li  actual  practice  this  natural  yeast  inoculation  is 
not  depended  upon,  but  pure  cultures  of  artificially  cultivated  yeasts 
are  employed  for  inoculation.  In  some  of  the  wine-growing  coun- 
tries these  are  supplied  by  special  government  expenment  stations. 

Denitrifying  Bacteria. — Nitrogen  is  moat  readily  absorbed  by 
plants  in  the  form  of  nitrates.  These  are  finniished  to  the  soil  chiefly 
by  the  protein  decomposition  induced  by  the  proteolytic  bacterial 
enzymes.  It  is  self-evideut,  therefore,  that  any  cleavage  which 
reduces  nitrogenous  matter  beyond  the  stage  of  nitrates,  to  nitrites 
and  ammonia,  detracts  from  the  value  of  the  nitrogen  as  a  food 
stutT  for  plants,  and  the  eventual  setting  free  of  nitrogen  in  the 
elementary  state  renders  it  entirely  valueless  for  any  but  the 
legiiminous  plants. 

Nevertheless,  this  process  of  nitrogen  waste  or  denitrification 
is  constantly  going  on  in  nature.  In  the  course  of  ordinary  decom- 
position, there  is  a  constant  reduction  of  nitrogenous  matter  to 
nitrites  and  salts  of  ammonia,  actively  taken  part  in  by  a  host  of 
bactena,  as  many  as  85  out  of  109  investigated  by  Maa.s.sen*'  being 
found  to  po.ssess  this  power.  This,  however,  is  not  nearly  so  harmful 
a  source  of  nitrogen  waste  as  the  process  technically  spoken  of  as 
true  denitnfieation.  in  which  nitrates  are  reduced,  through  nitric 
and  nitrous  oxides,  to  elementary  nitrogen. 

This  phenomenon,  more  widely  spread  among  bacteria  than  at 


yArb.  a.  d.  kaifl.  OMitindhPita&mt,  1,  xxviij^  1901. 
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flrHt  bollc\-ed.  depends  ea»onlially  upon  simple  oxygen  extraction 
froTO  thf  nitrates  by  tlie  bacteria,  and  for  this  reason  goes  on  moat 
actively  when  the  supply  of  atmospheric  oxygen  is  low.  The  first 
bacteria  desoribed  as  possessing  this  power  of  donitrifieation  were 
the  so-called  B.  denitrificans  I  and  II,  the  first  an  obligatory 
anaerobe,  the  other  a  facultative  aerobe.  Since  then  numerous  other 
Imcteria,  among  them  B.  coli  and  H.  pyocyaneus,  have  been  shown 
to  exhibit  similar  activities.  It  is  important  agriculturally,  there- 
fore, to  know  that  many  species  which  are  able  to  utilize  atmospheric 
oxygen  when  supplied  with  it,  will  get  their  oxygen  by  the  reduction 
of  nitrates  and  nitrites  when  free  oxygen  is  withheld.  It  is  thus 
dear  that  a  loss  of  nitrogen  is  much  more  apt  to  proceed  rapidly 
in  manure  heaps  which  are  piled  high  and  poorly  aerated.  There 
are  other  factors,  however,  in  regard  to  the  physiology  of  these 
microorganisniH,  which  must  be  considered  for  practical  piirposes. 

In  order  that  these  bacteria  may  develop  their  denitrifying 
powers  to  the  best  advantage,  it  is  necessary  to  supply  them  with 
some  carbon  compound  which  is  easily  absorbed  by  them.  This,  in 
decomposing  material,  is  furnished  by  the  products  of  the  carbohy- 
drate cleavage  going  on  side  by  side  with  the  proteolytic  processes. 
It  is  still  more  or  less  an  open  question  whether  the  facilitation  of 
denitrification  brought  about  in  manure  heaps  by  the  presence  of 
Imy  and  straw  is  due  to  the  carbon  furnished  by  these  materials. 
or  whether  it  is  due  to  the  fact  that  bacilli  of  this  group  are  apt 
to  adhere  to  the  straw  which  acts  in  that  case  as  a  means  of 
inoculation. 

The  actual  danger  of  nitrogen  depletion  of  the  soil  by  denitri- 
fying processes  is  probably  much  less  threatening  than  was  formerly 
supposed;  for,  in  the  first  place,  the  conditions  for  complete  denitri- 
fication are  much  more  perfect  in  the  experiment  than  they  over 
can  be  in  nature,  and  the  nitrifying  processes  going  on  side  by 
side  with  denitrification  make  up  for  much  of  the  loss  stistained. 
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Nitrogen  Fixation  by  Bacteria.— The  constant  withdrawal  of 
nitrogenous  suhstanues  from  the  soil  by  innumerable  plants  would 
soon  lead  to  total  depletion  were  it  not  for  certain  forces  continually 
at  work  replenishing  the  supply  out  of  the  large  store  of  free 
nitrogen  in  the  atmosphere.    Tliis  important  function  of  returning: 
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nitrogen  to  the  soil  in  suitable  form  for  consiunptiuti  by  the  pluuts 
ifi  performed  largely  by  bacteria. 

Il  is  well  known  that  specimens  of  agricultural  soil  when  allowed 
to  stand  for  any  length  of  time  without  furtlicr  interfert-nce  will 
inerease  in  nitrogenous  content,  but  that  similar  specimens,  if 
sterilized,  will  show  no  such  increase."  The  obvious  conclusion  to 
be  drawn  from  this  phenomenon  is  that  some  living  factor  in  the 
unsterilized  soil  has  uidod  in  increasing  the  nitrogen  supply.  Light 
was  throw^n  upon  this  problem  when  Winogr-adsky,"  in  1893,  dis- 
covered a  microorganism  in  soil  which  possessed  the  power  of 
assimilating  large  quantities  of  nitrogen  from  the  air.  This  bac- 
terium^ which  he  named  ''Clostridium  Pasteurianum/'  is  an  obliga- 
tory anaerobe  which  in  nature  always  occurs  in  symbiosis  with  two 
other  facultatively  anaerobic  mieroorganisms.  In  symbiosis  with 
these,  it  can  be  cultivated  under  aerobic  conditions  and  thus  grows 
readily  in  the  upper  well-aerated  layers  of  the  soil. 

Although,  until  now,  no  other  bacteria  with  equally  well-devel- 
oped nitrogen-fixing  powers  have  been  discovered,  yet  it  is  more 
than  likely  that  Clostridium  Pasteurinnum  is  not  the  only  miero- 
organism  endowed  with  this  function.  In  fact.  Penicilliuni  glaucum 
and  Aspergillus  niger,  two  molds,  and  two  other  bacteria  descril>ed 
by  AVinogradsky,  have  been  showTi  to  possess  this  power  slightly, 
but  in  an  incomparably  less  marked  degree  than  Clostridium  Pas- 
teurianum."  According  to  the  calculations  of  Sachse,"  unsterilized 
soil  may,  under  experimental  conditions,  gain  as  much  as  25  milli- 
grams of  nitrogen  in  a  season,  a  statement  which  permits  the  cal- 
culation of  a  gain  of  twelve  kilograms  of  nitrogen  per  acre  annually." 
It  is  very  unlikely,  however,  that  such  gains  actually  occur  in  nature, 
where  nitrogen-fixation  and  nitrogen-loss  usually  occur  side  by  side. 

Agriculturnlly  of  even  greater  importance  than  the  free  nitrogen- 
fixing  bacteria  of  the  soil  are  the  bacteria  foimd  in  the  root  tubercles 
of  a  class  of  plants  known  as  'Meguminosfle.''  It  has  long  been 
known  that  this  class  of  plants,  including  clover,  peas,  beans,  vetch, 
etc.,  not  only  does  not  withdraw  nitrogen  from  the  soil,  but  rather 
tends  to  enrich  it.     Upon  this  knowledge  has  depended  the  well- 

'^Berthelot,  Conipt.  rend,    de  la  boo.  cJe  biol.,  cxvi,  1893. 

»  WinogradokHf  Compt.  rend,  de  U  hoc.  de  biol.,  cxvi,  1893,  ibid.,  t.  CKriii,  1894. 

■•  Tacke,  Landwirtwh.  Jahresber.,  iviii,  1889. 

"  Sachse,  * '  Ayr.  Cboiii., ' '  1HH.3. 

"  Pfefer,  PfliigerB  Physiologic,  p.  395. 
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known  method  of  alternation  of  crops  employed  by  farraeiii  the 
world  over.  The  actual  reason  for  the  beiiefieial  iiiflueuee  of  the 
legiuuinoiMe,  however,  was  not  known  until  1887,  when  Hellriegel 
and  WiJfai'th-*  succeeded  in  dcmoustratiug  tliat  the  nitrogeu-ac- 
cumulation  was  directly  related  to  the  root  tubercles  of  tlie  plants 
and  to  the  bacteria  contained  within  them. 

These  tubercles,  which  are  extremely  numerous — as  many  as  « 
thousand  sometimes  occurring  upon  one  and  the  same  plant— are 
formed  by  the  infection  of  the  roots  ^ith  bacteria  which  probably 
enter  throuKh  the  delicate  root-hairs.  They  vary  in  size,  arc  usually 
situated  near  tJie  main  root-stem,  and,  in  appearance,  are  not  unlike 
fungus  growths.  Their  development  is  in  many  reiipeets  comparable 
tj>  the  development  of  inflammatory  granulations  in  animals  after 
infection,  inasmuch  as  the  formation  of  the  tubercle  is  largely  due 
to  a  reai'tionary  liyixTplasia  of  the  plant  ti.ssues  themselves.  They 
appear  upon  the  seedlingH  within  the  tii"st  few  weeks  of  their  growth 
as  small  pink  nodules,  and  enlarge  rapidly  as  the  plant  grows.  At 
the  same  time,  later  in  the  season,  when  the  plants  bear  fruit,  the 
root  tuberclea  begin  to  shrink  and  crack.  When  the  crops  are 
Jmrvested,  the  lulR-rdes  with  the  root  remain,  vol  in  the  ground, 
and  re-infect  the  Hoil. 

Histologically  the  tubercles  are  seen  to  consist  of  large  root  cells 
which  are  drnnely  crowded  with  microorganisms. 

Tlic  mierofjrganisui  it.Helf,  "Bacillus  radicicola,"  was  first  ob- 
served within  the  tubercles  by  Woronin**  in  1866.  The  bacilli  are 
large,  slender,  and  actively  motile  during  the  early  development  of 
^the  tulxrclca,  hut  in  the  later  stages  assunio  a  number  of  character- 
tic  involution  forms,  commonly  spoken  of  as  "bacteroids."  They 
le  swollen,  T  and  Y  shaped,  or  branching  and  threadlike.  Their 
bobltion  from  the  root  tubercles  usually  presents  little  diflSculty, 
since  they  grow  re^adily  upon  gelatin  and  agar  under  strictly  aerobic 
conditions.  On  the  artificial  tnedia  the  bacillary  form  is  usually  well 
retained,  involution  forms  appearing  only  upon  old  cultures. 

The  classical  experiments  of  Hellriegel  and  Wilfarth  conclusively 
demonstrated  the  important  relation  of  these  tubercle-bacteria  to 
nitrogin  assimilation  by  the  leguminosie. 

These  observers  cultivated  various  membera  of  this  group  of 


^ntllriegel  und  WUfarth,  C<nil.  f.  Bakt,  1887 
••Jforonin,  Bot.  Zeit.,  xiiv,  1866. 
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plants  upon  nitrogen-free  soil — sand — and  prevented  the  formation 
of  root  tubercles  in  some,  by  sterilization  of  the  sand,  wliik-  in  others 
they  encouraged  tubercle  formation  by  inoculation.  An  example  of 
their  results  may  be  given  as  follows:" 

Lupinus  luteus  was  cultivated  upon  sterilized  sand.  Some  of  the 
l>ots  were  inoculated  with  B.  radicicola.  others  were  kept  sterile. 
Comparative  analyses  were  made  of  the  plants  gro^vn  in  the  different 
pots  with  the  following  striking  result: 


Root  tuU'rcloM   |)reaeiit.. 
No  rw)l   tiilwrcles 


N  added  wi  seed. 

HarvefUd 

Moil,  and  noil- 

Gain  or 

dry  wH0ht 

^V  present 
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huQfN 

U)  38.919 

.998 

.022 

4-.9i5 

(b)   33.755 

.981 

.023 

-f.958 

(c)     0.980 

Me 

.020 

—.004 

(d)     0.828 

.011 

.022 

—.009 

The  great  importance  of  this  process  in  agriculture  is  demon- 
strated, furthermore,  by  a  comparison  made  by  the  same  observers 
between  a  legume,  the  pea.  aud  one  of  the  common  nitrogen-con- 
suming crops,  oats."  Kxactly  what  the  process  is  by  which  the 
bacteria  supply  nitrogen  to  the  plant  is  as  yet  uncertain.  Although 
the  degenerating  bacteroids  in  old  nodules  are  bodily  absorbed  by 
the  plant,  this  can  not  be  eoneeived  as  the  only  method  of  supply, 
since  the  total  nitrogen  gain  many  times  exceeds  the  total  weight 
of  bacteria  in  the  nodulus.  It  is  probable  that  the  microorganisms 
during  life  take  up  atmospheric  nitrogen  and  secrete  a  nitrogenous 
substance  which  is  absorbed  by  the  plant  cells. 

Althougli  formerly  the  relationship  between  plant  and  bacterium 
was  regarded  as  one  of  symbiosis  and  of  mutual  benefit,  the  opinions 
as  to  this  subject  show  wide  divergence.  While,  according  to  some 
authors,  the  entrance  of  the  bacteria  into  the  plants  is  regarded 
as  a  triie  infection  against  which  the  plant  offers  at  first  a  determined 
opposition  as  endenced  by  tissue  reactions,  other  observers,  notably 


^"Pfeffer^  '  *  Planzenphjaiologie, "  Leipzig,  1897. 

^Hellriegel  und    WUfarth,  Zeit.  d.  Ter.   f.   d.   RabenziJcker  Industrie,   1888. 
Quot«d  from  Fiacker,  **Vor!e«.  uber  die  Bakt.,"  Jena,  1903. 
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A,  Fischer,  regard  the  plant  as  a  pnrasito  upon  the  bacteria,  in  that 
it  derives  the  sole  benefit  from  the  rolationsliip  and  eventually  bodily 
consumes  its  host. 

Nitrifying  Bacteria. — A  proeess  diametrically  opposed  in  its 
chemistry  to  denitrification  and  reduction  is  that  which  brings  about 
ait  oxidation  of  ammonia  to  nitrites  and  nitrates.  The  actual  in- 
crease of  nitrates  in  soil  allowed  to  stand  for  any  length  of  time 
and  examined  from  time  to  time  has  been  a  well-establiHhed  fact 
for  many  years;  but  it  was  believed  until  a  comparatively  short  time 
ago  that  this  increase  was  due  to  a  simple  chemical  oxidation  of 
ammonia  by  atmospheric  oxygen.  The  dependence  of  nitrification 
upon  the  presence  of  living  organisms  was  finally  proved  by  lluntz 
and  Schlossing*^  in  1887,  who  demonstrated  that  nitrification  was 
abruptly  stopped  when  the  soil  was  sterilized  by  heat  or  antiseptics. 
It  remained,  however,  to  isolate  and  identify  the  organisms  which 
brought  about  this  ammonia  oxidation.  This  last  step  m  our  knowl- 
edge of  nitrification  was  taken  in  1890,  by  Winogradsky.  AVino- 
gradsky-*  found  that  the  failures  experienced  by  others  who  had 
attempted  to  isolate  nitrifying  bacteria,  were  due  to  the  fact  that 
they  had  used  the  common  ctilture  media  largely  made  up  of  organic 
subsianccs.  By  usin^  culture  media  containing  no  organic  matter, 
Winogradsky  succeeded  in  isolating  free  from  the  soil,  bacteria 
which  have  since  that  time  been  confirmed  as  being  the  causative 
factors  in  nitrification.  Diu*ing  Ids  first  experiments  this  author 
observed  that  in  some  of  his  cultures  the  oxidation  of  ammonia  went 
only  as  far  as  the  stage  of  nitrite  formation,  while  in  others  complete 
oxidation  to  nitrates  took  place.  Following  the  clews  indicated  by 
this  fliscrepancy,  he  finally  succeeded  in  demonstrating  that  nitrifica- 
tion is  a  double  process  in  which  two  entirely  different  varieties  of 
microorganisms  take  part,  the  one  capable  of  oxidizing  ammonia  to 
nitrites,  the  other  continuing  the  proeess  and  converting  the  nitrites 
to  nitrates.  The  nitrite-forming  bacteria  discovered  by  "Winograd- 
sky. and  named  Nitromonas  or  Nitrosomonas,  are  easily  cultivated 
upon  aqueous  solutions  containing  ammonia,  potassium  sulphate, 
and  magnesium  carbonate.  According  to  their  discoverer  they 
develop  in  this  medium  within  a  week  as  a  gelatinous  sediment. 
After  further   growth  tliis  sediment  seems  to   break   up   and  the 

'^  Hunts  Bud  SrMosaiitff,  Compt.  roml.  <>  Tacftd.  drs  wicnrca,  1887. 
"  H'inoffmiUky,  Ann.  Past.  Inat.,  iv  and  t,  1890,  1891. 
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bacteria  appear  as  oval  bodies,  which  swim  actively  about  and 
develop  tlagolla  at  one  end.  Upon  the  solid  media  in  ordinary  use 
they  can  not  be  cultivated.  Special  solid  media  suitable  for  their 
cultivation  and  composed  of  silicic  acid  and  inorganic  salts  have 
been  described  by  Winogradsky  and  by  Omeliansky." 

Other  nitrite-forming  bacteria  have  since  been  described  by 
various  observers,  all  of  thorn  more  or  less  limited  to  definite  locali- 
ties. Some  of  tiieso  are  similar  to  nitrosomonas  in  that  they  exhibit 
the  flagellated,  actively  motile  stage,    In  others,  this  stage  is  ftl)8ent. 

The  nitrite-forming  baotoria,  apart  from  tbeir  great  agricultural 
importance,  claim  our  attention  bviiause  of  tlieir  unique  pOvsition  in 
relation  to  the  animal  and  vegetable  kingdoms.  Extremely  sensitive 
to  the  presenc^e  of  organic  eoinpouiids,  they  are  able  to  grow  and 
develop  only  upon  media  containing  nothing  but  inorganic  material; 
and  this  entirely  without  the  aid  of  any  sultstanci's  comparable  to 
the  chlorophyll  of  the  preen  plants.  The  source  of  energy  from 
wldch  this  particular  class  of  bacteria  derive  the  power  of  building 
up  organic  compounds  from  simple  substances  is  to  some  extent  a 
mystery.  The  carbon  which  they  unquestionably  require  for  the 
building  up  of  organic  material  may  be,  as  Winogradsky  believed, 
derived  to  a  certain  extent  from  ammonium  carbonate.  But  it  IB 
also  quite  certain  that  they  are  capable  of  utilizing  directly  atmos- 
pheric CO,.  In  the  absence  of  chlorophyll  or  of  any  highly  or- 
ganized chemical  compound,  it  seems  likely  that  the  energy  neces- 
sary for  the  utilization  of  the  carbon  obtained  in  this  simple  form 
is  derived  from  the  oxidation  of  ammoniK  during  the  process  of 
nitriiicBtion.  "  ^'^    '''    '  -  ' 

The  conversion  of  nitrites  into  nitrates  is  carried  on  by  other 
species  of  bacteria  aJso  discovered  by  Winogradsky.  These  bacteria 
are  niueh  more  gt^ierally  distributed  than  nitrosomonas  and  prob- 
ably include  a  number  of  varieties.  The  organism  described  by 
Winogradsky  is  an  extremely  small  bacillus  with  pointed  ends.  Cap- 
sules have  occasionally  been  demonstrated.  It  may  be  cultivated 
upon  aqueotis  solutions  containing: 

Sod.  nitrite  1     per  cent. 

PatftB6.  phoBphiile    05    *  •      " 

Mugne:^ium  Niilphnte 03    '  *      " 

Sodium    carbonate 1      "       '  * 

Ferrous  sulphate ».,-.,...   .04    **      " 


"  0m<:lion4ky,  Cent,  t,  Baki.,  II,  fi,  1899. 
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Thr  Utfvolopment  of  the  or^uniHrn  is  slow  and  sparse,  and  is  directly 
i]iliil)ited  by  the  prestMifc  of  organic  matter.  It  is  strongly  inhibited 
by  tlie  pri'sence  of  ammonia. 

The  Liberation  of  Encr^  by  Bacteria. — Like  aii  otiier  living 
iK'iiifpi,  bacteria  in  their  motabolie  proeesses  liberate  energy.  It  has 
been  shovni  by  several  observers  that  slight  qnantities  of  heat  are 
jafiven  off  from  actively  grdA-ing;  eultures.  The  fnnotions,  further- 
morej  of  reproduetiou,  motility,  and  enzyme  formation  may  be  looked 
upon  as  forms  of  energy  liberation.  In  addition  to  thin,  certain 
huclt'ria  liave  been  oiwerved  wbieh  may  liberate  energy  in  the  form 
of  light. 

Light  Production  by  Bacteria.- -The  prodiK*tion  of  light  by  bac- 
leria  is  u  ]>ower  possessed  chiefly  by  certain  Hpecies  inhabiting  salt 
water.  Tlius,  much  of  the  phosphorescence  olwerved  at  sea.  thougli 
more  frequently  due  to  Medusa  and  other  invertebrate  animals,  is 
caused  by  these  Ijaeteria.  Numerous  species  which  produce  ifiis 
plienomenon  have  been  isolated,  too  many,  an<l  too  uniniporlaiit, 
to  be  individually  described.  All  of  them  are  aerobes  and  reqiiire 
highly  complex  food  .stuffs.  They  are  closely  allied  to  the  putre- 
factive bacteria,  and  in  the  sea  are  usually  found  upon  rotting 
animal  matter."  The  production  of  light  seems  directly  dependent 
upon  the  free  access  of  oxygen,  since  no  light  appears  under 
anaerobic  conditions.  Their  luminoua  (|ua!ity,  moreover,  is  not  a 
true  phosphorescence,  in  that  it  does  not  depend  upon  previous 
illumination  and  d^'velops  as  well  in  cultures  kept  in  the  dark  as 
in  those  which  have  been  exposed  to  light/^ 

The  Formation  of  Pigment  by  Bacteria  {ChromobacUria), — ^A 
large  number  of  bacteria,  when  cultivated  upon  suitable  media,  give 
rise  to  characteristic  coloi-s  which  are  valuable  as  marks  of  differen- 
tiation. For  each  species,  the  color  is  usually  constant,  depending, 
to  a  certain  cftypt,  upon  the  conditions  oF  cultivation.  Tn  only  a 
few  of  the  pigmented  bacteria  is  the  pigment  contained  witlriii  Iho 
cell  body,  and  in  only  one  variety,  the  sulphur  bacteria,  dots  the 
pigment  appear  to  hold  any  distinet  relationship  to  nutrition.  In 
most  cases,  the  coloring  matter  is  found  to  be  deposited  in  snuill 
intercellular  granules  or  globules.  The  tiKseneo  of  any  relationship 
of  the  pigment  to  sunlight,  as  is  the  case  with  the  chlorophyll  of 


•PfU0€r'$'Art^,  t  Phyo,.  xi,  1876. 
"  rist:hcr,  Cent,  f .  Bdtt.,  Ui,  1888. 
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w  ^vexi  piatils.  is  indicated  by  the  fad  that  most  of  ihc  ciiromo- 
bactei-ia  thrive  and  produce  pigment  equally  well  in  the  dark  as 
they  do  in  the  presence  of  light.  Among  the  most  common  of  the 
pitmient  )/pctori;i  met  with  in  baett-riulogieal  work  art-  Staphylo- 
coecuK  pyogenes  aureus,  Baeillii8  pyoeyaneus.  I^arillus  proditfiosus, 
and  some  of  the  green  lluoreseent  baeteria  frequently  found  in  fece^ 

The  chemical  nature  «)f  these  pigments  has  been  investigated 
quite  thoroughly  and  it  haji  i)eeu  sliown  that  they  vary  in  com- 
poBition.  Some  of  the  pigments,  like  that  of  Staphylococcus  aureus, 
are  probably  non-protein  and  of  a  fatty  nature.'^  They  are  insoluble 
in  water  but  soluble  in  alcohol,  ether,  and  chloroform.  Because  of 
their  proliable  eomposition,  they  have  been  spoken  of  as  "lipo- 
clii-omes."  Other  pigments,  like  the  pyoeyanin.  which  lends  the 
green  color  to  cultures  of  Jiaeillua  pyoeyaneus,  are  water  soluble 
and  are  probably  of  protein  composition.  Pyoeyanin  may  be 
crystallized  out  of  aqueouH  solution  in  the  form  of  fine  neeiUes.  The 
crystals  may  be  redissiilved  in  chloroform.  Aqueous  solutions  retain 
their  color.  Solutions  in  choloroform,  however,  are  changed  grad- 
imlly  to  yeiiow. 

The  power  of  pigment  production  of  various  bacteria  depends  in 
each  (fase  upon  eultiu'al  conditions.  In  most  cases,  this  simply  sig- 
nifies that  pigment  is  produced  only  when  the  microorganism,  finding 
the  most  favorable  environmental  conditions,  is  enabled  to  develop 
all  its  functions  to  their  fullest  extent.  Thus,  a  too  high  acidity  or 
alkalinity  of  the  culture  medium  may  inhibit  pigment  formation. 
Oxygen  is  necessary  for  the  production  of  color  in  some  bacteria, 
since  the  baeteria  themselves  often  produce  the  pigment  only  as  a 
leuko-body  which  is  then  oxidized  into  the  pigment  proper.  A 
notable  ixample  of  this  is  the  pigment  of  B.  pyoeyaneus.  In  other 
cases,  t.jmperature  plays  aji  important  role  in  inQueneing  color  pro- 
duction. Thus,  Bacillus  prodigiosiis  does  not  produce  its  pigment 
when  growing  in  the  incubator.  By  persistent  cultivation  in  an 
unfavorable  environment,  colored  cultures  may  lose  their  power  of 
pigment  production. 

Sulphur  Bacteria. — Wherever  the  decomposition  of  organic  mat- 
ter gives  rise  to  the  formation  of  IKS.  in  eess-pools.  in  ditches,  at 
tlie  l)ottom  of  the  sea,  and  in  stagnant  ponds,  there  is  found  a 
curiously  interesting  group  of  microorganisms,  the  so-called  sulphur 

''Schroeicr,  Cent.  f.  Bakt.,  xviii,  1S05. 
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or  thiobacteria.  Red,  purple,  and  colorless,  these  bacteria  all  possess 
the  power  of  utilizing  sulphuretted  hydrogen  and  by  its  oxidation 
into  free  sulphur  obtain  the  energy  necessary  for  their  metabolic 
processes.  The  colorless  sulphur  bacteria,  the  Begg:iatoa  and 
Thiothrices,  usually  appear  as  threads  or  chains  which,  in  media 
containing  sufficient  H^S,  are  usually  well-stocked  vnih  minute 
globuh'S  of  sulphur.  If  found  upon  decomposing  organic  matter, 
they  often  cover  this  as  a  graj'ish  mold-like  layer.  The  red  sulphur 
bacteria,  of  which  numerous  species  have  been  descrilwd  by  Wino- 
gradsky,  may  appear  as  actively  motile  spirilla  (thiospirillum)  or 
as  short,  thick  baeillao*  foraia. 

The  physiology  of  all  the  sulphur  bacteria,  and  especially  of  the 
colored  varieties,  is  of  the  greatest  interest  in  that  these  micro- 
organisms are  among  the  few  members  of  the  bacterial  group  wliieh 
behave  metabolically  like  the  green  plants.  The  higher  organic 
substances  play  little  or  no  part  in  the  nutrition  of  these  micro- 
organisms. Strictly  aerobic,  the  colorless  thiobacteria  arc  inde- 
pendent of  sunlight,  while  the  red  and  purple  varieties  exhibit  their 
physiological  dependence  upon  light  by  accumulating  under  natural 
conditions  in  well-lighted  spots.  Both  varieties  possess  equally  the 
power  of  oxidizing  sulphuretted  hydrogen  as  a  source  of  energy. 
The  sulphur  is  then  stored  as  elemental  sulphur  within  the  bacterial 
body  and  when  a  lack  of  food  stulTs  sets  in,  the  store  of  sulphur 
can  be  further  oxidized  into  sulphurous  or  sulphuric  anhydrides. 
With  this  sole  source  of  energy,  these  bacteria  are  capable  of  flourish- 
ing aerobically,  while  an  absence  of  1128,  even  in  the  presence  of 
organic  food  stulTs,  leads  to  a  rapid  disappearance  of  their  sulphur 
contents  and  an  inability  to  develop. 

In  the  case  of  the  colored  thiobacteria,  the  red  pigment  appears 
to  fulfil,  to  some  extent,  a  function  comparable  to  that  of  the 
chlorophyll  of  the  gi'cen  plants. 

Engelmann,"  who  has  studied  this  pigment  spectroscopically,  has 
found  that  besides  at>sorbing  the  red  spectral  ray.s  there  is  an  ab- 
sorption of  rays  on  the  idtra-red  end  of  the  spectrum.  The  absorp- 
tion of  the  red  rays  between 'the  lines  H  and  0  of  the  spectrum, 
and  of  violet  rays  at  the  line  F,  is  the  same  as  that  of  the  absorption 
spectrum  of  chlorophyll,  and  it  is  in  the  zone  of  thc^e  rays  that  the 
physiological  effects  of  cholorophyll  are  most  active.    In  addition 
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to  these  absorption  bands,  the  baeleriopurpurin  of  the  red  sulphur 
baoteria  shows  absorption  of  the  invisible  ultra  red  rays  of  the 
spectrum. 

Engelmann,  with  a  microspectroscope,  projected  a  spectrum  into 
a  ndcroscopic  field  in  which  gneen  algse  or,  in  the  case  under  discus- 
sion, red  sulphur  bacteria  had  heon  placed.  Other  sources  of  light 
were,  of  course,  excluded.  By  adding  emulsions  of  strictly  aerobic 
bacteria  to  such  preparations,  an  accumulation  of  microorganisma 
was  observed  at  those  points  in  the  spectrum  at  which  most  oxygen 
was  liberated.  In  the  ease  both  of  chlorophyll  and  of  the  red  sul- 
phur bacteria  such  areas  of  bacterial  accumulation  (in  oxygen 
liberation)  occurred  in  the  zones  of  the  absorption  bands  mentioned 
above. 


THE  SO-CALLED  'BACTERIOPHAGE"  PHENOMENON 

During  the  last  few  years  a  phenomenon  has  been  observed  with 
bacteria  which  is  likely  to  be  of  fundamental  importance  in  the 
biological  and  immunological  study  of  bacteriology. 

The  first  obHcrvation  upon  this  curious  phenomenon  was  pub- 
lished  by  Twort  in  1915."*  Twort  was  engaged  in  a  search  for  a 
non-pathogenic  filtrable  virus  on  the  very  logical  assiuuption  that 
the  few  pathogcluc  filtrable  virus  which  had  been  associated  with 
a  number  of  diseases  probably  represented  isolated  members  of  a 
large  kingdom  of  microorganisms.  Mis  cultural  and  animal  studies 
proving  negative  by  the  ordinary  methods,  he  carried  out  experi- 
ments Avith  glyeorinated  calf  vaccine  which  he  cultured  on  agar 
tubes.  After  variable  periods  of  incubation  such  agar  slants  would 
exhibit  watery  areas  and  in  those  cultures  in  which  micrococci  grew. 
it  was  found  that  some  of  the  colonies  could  not  be  sub-eultured, 
but  if  preserved,  the  originally  normal  euiture  would  tx'eome  glassy 
and  transparent.  Smears  made  from  these  glassy  areas  showed  red^ 
dish  staining  granules  by  Giemsa.  Plating  of  the  condensation  water 
of  such  slants  resulted  in  colonies  which  usually  after  preservation 
became  transparent,  starting  unlike  most  degenerative  processes, 
from  the  edge  of  the  colony.  Pure  cultures  of  pn cum oe^ <;*<;■  i  awfl 
other  microorganisms  when  touched  with  small  portions  of  the  glassy 
colonies  would  become  transparent  at  the  point  touched  and  this 


»» Twort,  Lancet,  December  4th,  1915 
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would  gradually  spread  ovvv  tlio  whole  group.  Such  action  was 
oompleto  and  rapid  only  with  vigoruusly  gi-owing  young  cultures. 
but'h&d  httle  ehect  on  dead  eulturcs.  The  action  took  place  best 
under  aerohie  eondltions.  If  the  transparent  material  was  diluted 
and  filtered  and  then  added  to  an  agar  slant  of  similar  organisms, 
growth  was  prevented.  The  transparent  material  did  not  grow  on 
any  medium  and  was  destroyed  in  its  activity  at  60°.  Its  action 
on  stapRylococci  grown  from  boils  was  very  slight,  and  there  was 
no  action  of  the  substance  upon  B.  coH,  streptococci,  tubercle  bacilli 
or  yeasts.  The  nature  of  the  material  was  left  undecided  by  Twort, 
It  was  supposed  tiiat  it  might  Ih'  a  parasitic  organism  which  de- 
stroyed the  bacteria,  perhaps  an  am(»cba,  but  he  thouglit  that  it 
was  probably  a  substance  derived  from  the  bacteria  themselves, 
sine*'  it  occasionally  reappeared  in  glassy  cultures  months  after  sub- 
culture. Twort  investigated  this  peculiar  occurrence  not  oidy  with 
vaccine  vims,  but  also  with  Gram-negative  bacilli  obtained  from 
the  intestines  of  a  dog  suffering  from  acute  distemper  and  some 
organisms  derived  from  infantile  diarrhea. 

In  1917  D'Herelle"  began  the  publication  of  a  series  of  notes 
upon  a  phenomenon  unmistakably  identical  with  that  of  Twort. 
When  he  introduced  two  or  three  drops  of  a  dysenterj'  stool  into 
about  20  c.c.  of  broth  and  filtered  this  through  a  Chamberland 
Candle  and  introduced  a  trace  of  this  filtrate  into  a  young  Sliiga 
bacillus  culture,  it  eaitsed  a  clearing  up  of  the  culture  within  a 
few  hours,  transplants  remaining  sterile.  A  trace  of  this  dissolved 
culture  placed  into  another  young  broth  culture  of  dysenten' 
bnnight  the  same  result,  and  in  this  way  he  made  935  successive 
passages  of  the  lytic  principle.  His  technique  in  detail  was  as  fol 
lows:  He  made  an  emulsion  of  fecal  material  and  filtered  it  through 
a  filter  candle.  With  a  pipette  lie  then  transferred  1  c.c.  of  this 
filtrate  into  a  small  tubt*  and  inoculated  this  material  >vith  a  drop 
of  a  young  dysentery  or  typhoid  culture.  This  tube  is  held  for 
from  12  to  24  houra  at  a  temperature  of  22"*,  and  is  then  placed 
for  2  or  3  hours  al  37**.  If  the  stool  filtrate  contains  a  lytic  prin- 
ciple, the  inoculated  tube  will  bo  transparent  at  the  end  of  this 
lime,  and  the  Ijiic  principle  can  l>e  transmitted  in  series  from  this 
tube.    He  assumed  from  his  ability  to  keep  this  lytic  activity  going 


'^D'HerrUr,  Compl.  Rond.  <1p  1r  fto**.  Binl.,  Hf,  191M.  llHn,  S2,  ^9\9,  1237,  S3, 
1920,  .'>2.  97  and  247. 


THE   mOLOGIC'AL  ACTIVITIES  OF  BACTERIA 


71 


thpouKh  luan.v  iftiiorations  that  he  wiw  acaling  with  a  liviuff  ultra- 
microscopif  ort^auLsin  which  fed  upon  the  living  l)acteria  and,  there- 
fore.  spoke  of  it  as  a  *'ba(^-teriuuhage." 

A  i'iirif;]iR  flnil  importiint  phase  of  the  work  WBS  that  this  \yik 
pnnciDle  waa  to  some  extent  apcciric  in  that  it  uetud  only  ui>on 
a  single  or  a  few  closely  related  mieruor danisms. 

in  8ul)sequent  notes  DUIerelle  reixirted  tliat  ho  had  prothired 
8ueh  baeteriophage  lytic  prineiples  agrainst  dysentery  bacilli  of 
Shit<a  and  Fh'xnrr  and  "V"  type,  assainst  typhoid,  parajyp|^'^ 
*  *  A"  and  '*li."  aguinst  enteritidia,  hog  cholera,  eoli.  prodigi»susji^iI(l 
some  other  Gram-negative  haelili.  Without  A\nshing  to  detail  all 
his  investigations,  the  principles  may  be  summarized  as  follows: 
li^  ftll  casis  tlif  lytic  princiole  was  flltrable  and  conld  be  carried 


on  from  genrration  to  generation  as  above  deaciil)ed.  Yquny  ae- 
^ivnly  pnminy  cullurvs  wrre  ni'cessary  to  transmit  the  lytic  activity 
Ui  series;  it  could  not  he  transmitted  l)y  dead  bacteria.  The  lytic 
principle  and  the  bacilli  were  not  killed  by  the  same  temperature. 
WJiereas  the  Shiga  bacillus  and  other  organisms  worked  with  were 
destroyed  at  or  about  50°  C,  the  lytic  principle  resisted  tempera- 
tures  up  to  65".  The  lytic  principle  isolated  from  the  feces  might 
at  first  be  feeble,  but  was  considerably  augmented  in  potency  by 
cultures  in  series.  Certain  eultares  were  from  the  beginning  en- 
dowed  with  bacteriolytic  power  a^inst  two  or  more  different  species 
and  preserved  this  action  against  tliese  species  for  a  long  time  if 
cultivated  only  ou  one  of  them.  For  example,  he  isolated  an  active 
principle  against  the  Shiga  and  typhoid  bacillus  from  the  stool  of 
a  dysentery  convalescent.  After  a  series  of  1,000  passages,  the 
successive  cultures  always  being  carried  along  on  Shiga  emulsions, 
there  was  still  marked  lytic,  action  against  typhoid  bacilli.  He  never 
isolated  two  strains  that  were  exactly  alike.  Tin-  intensity  <if  action 
differed  and  one  strain  would  from  the  beginninf^  show  lytic  pow<-r 
against  a  niunber  of  intestinal  haeilli.  Others,  again,  would  be 
active  against  only  a  single  species.  Another,  again,  might  attack 
only  two,  tho  Flexner  bacillus  and  paratyphoid  *'B." 

D*llerelle  was  quite  definitely  convinced  that  he  was  dealing 
with  an  ultra-microscopic  organism  which  perhaps  was  capable  of 
developing  in  the  intestines  of  man  and  animals  at  the  expense  of 
various  bacteria,  and  could  then  l>e  cultivated  out  of  the  body  by 
the  nn'tfiod  he  had  developed.  This  was  the  reason  for  the  name 
he  applied  to  these  principles,  "bacteriophage,"  whicli  implied  tliat 
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his  uhra-mieroscopic  nrganism  wns  a  parasite  upon  bacteria,  adapted 
8pe<?ifically  in  aurerent  cases  to  various  orgauiamg] 

In  1920  Kabeshiina"  studied  the  D'Herelle  phenomenon  and 
interpreted  it  as  being  due  to  ferment  action.  He  believes  that 
D'Herelle's  principle  was  a  catalytic  agent  originating  in  the  mucous 
membranes  of  the  intestinal  canal,  wliich  induced  enz>nie  digestion 
of  the  organisms.  In  the  cells  of  bacteria  he  asaiunes  there  exists 
a  preferment  which  is  activated  by  the  catalyst  and  leads  to 
autolyds  of  the  organisms. 

In  1920,  also,  Bordct  and  Cuica''  attacked  the  same  problem 
from  an  entirely  different  standpoint.  Hordet  injected  guinea  pigs 
intraperitoneally  three  or  four  times  with  B.  coli.  One  or  two  days 
after  the  last  injection,  the  peritoneal  exudate  was  examined  and 
fonnd  to  consist  of  an  exudate  rich  in  leucocytes  in  which  still  a 
few  organisms  were  present.  When  a  few  drops  of  such  an  exudate 
were  added  to  a  normal  B.  coli  culture,  marked  lytic  poAvcrs  were 
noticed-  A  small  quantity  of  the  exudate  resulted  in  a  clearing  up 
of  the  Dormal  broth  culture,  and  a  small  amount  of  this  original 
mixture  would  do  the  same  if  added  to  successive  cultures  of  normal 
Colon  bacilli.  In  other  words,  the  lytic  prhiciple  started  in  the 
peritoneal  exudate  of  guinea  pigs,  was  kept  going  through  successive 
Colon  en] tares.    This  act iy^  prin^ipln  likn  that  rtf  D'Horolle,  yp^iatpd 


■ 


■kfnthtg  to  from 


60°  to  65®,  and  thLs  sterile  exudate  would  still 


pprwers  for  Colon  cultures.     It  may  be  stated  that 

in  Bordet'a  experiments  it  was  found  that  it  was  very  difficult  to 
stArt  the  pnneiple  in  this  way,  and  tliat  only  isolated  Colon  cultures 
lent  themtelres  to  saeceflsfnl  experimentation.  When  a  few  drops 
of  a  culture  cleared  in  this  way  were  added  to  an  agar  slant  freshly 
piocoUte<i  with  normal  Colon  bacillus,  no  growth  took  place  in  those 
parta  which  had  tjern  toufhfd  by  the  fluid,  and  colonies  whicli 
developed  in  or  about  thM  area  soon  became  glassy  and  transparent. 
In  the  Mim«*  way,  Bordet  often  found  that  dissolved  cultures  were 
not  entirely  sK-rile  on  aalMrulturing.  A  small  number  of  colonies 
developed,  «ome  of  which  hAd  an  extremely  irregular  outline.  These 
irregular  colonies  eftrrkd  the  lytic  principle  in  subsequent  genera- 
tiona.    Bordal  inlcypreies  thia  phenomenon  as  the  artificial  produc- 
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tion  of  a  variation  in  the  cultures  of  Colon  bacilli  in  which  a  variant 
producing  an  autolytic  euzymo  is  developed,  and  tins  property  of 
autolysin  production  is  then  inherited  from  culture  to  culture.  Con- 
ceived in  this  way.  the  lytic  principle  would  be  regarded  as  the 
inheritance  of  an  acquired  characteristic. 

In  our  own  laboratory  we  have  isolated  a  lytic  principle  by  the 
D'llerelle  technique  described  above,  from  the  stool  of  a  typhoid 
convalescent.  It  corresponds  in  most  di'tails  to  the  lytic  principles 
described  by  D*Hereile.      It  is  filtrablp,  thcrmostabhy   and  trnnsrnir- 

tiblc  iu  series.  It  is  Iwth  inhibitory  and  lytic^  that  is,  a  small  amonnt 
of  the  orJKinal  stool  filtrate  or  any  oniLfifJilf.  pnhHpgni'iit  fonfi-fltiona 
will  prevent  frrowth  of  a  heax-ilv  inoculated  tf^hp,  m-  ilU^inK-^  t^  ygung 
turbid  broth  culture.  This  lytic  principle  is  only  active  against 
closely  allied  species  of  bacteria  of  the  typhoid-paratyphoid  and 
dysentery  groups.  In  the  earlier  experiments  this  lytic  principle 
did  not  appear  active  against  parat^^^hoid  *'A"  or  **B,"  but  when 
retested  recently,  it  was  also  active  against  these  organisms.  It  has 
no  action  against  cholera,  B.  pyocyaneons  or  K.  coll,  or  against 
staphylococcus  or  pneumococeus. 

Unlike  the  lytic  principles  described  by  DTIerelle,  the  one 
isolated  by  us  has  iiot  increased  in  potency  in  the  course  of  the 
generations  through  which  it  has  been  passed.  It  differs  also  from 
those  dcscrilwd  by  D*Hcrelle  in  that  it  usually  does  not  sterilize 
the  dissolved  culture  completely.  On  sub-culturing  a  small  number 
of  colonies  develop  which  are  of  two  types:  one  a  round  typical 
typhoid  colony,  the  other  irregular  in  outline.  The  latter  type  was 
first  described  by  Bordet  in  connection  with  the  lytic  principle  that 
he  was  able  to  produce  against  B.  coli  by  intraperitoneal  injections 
of  guinea  pigs,  and  the  bacilli  composing  those  irregular  colonies 
were  shown  by  him  to  be  the  bearer  of  the  lytic  principle. 

The  typical  colonics  which  develop  from  plating  a  dissolved  cul- 
ture, on  restreaking,  give  only  regular  colonies.  If,  however,  one 
of  the  irregular  colonies  are  restreaked  both  regular  and  irregular 
colonies  will  develop.  Daily  n^treaking  of  irregular  colonies  have 
failed  to  eliminate  the  typical  normal  colony  in  a  series  of  15 
generations  and  the  irregular  colonies  continued  to  carry  the  lytic 
principle.  If  one  of  these  typical  typhoi*!  colonies  is  fished  ^vith 
broth,  the  hroth  will  become  cloudy  after  incubation.  Broth  fishinps 
of  the  irregular  coiciiiies  will,  however,  often  remain  clear  after 
12  to  18  hours  incubation  and  the  lytic  principle  is  then  present  in 


UIOUXIV  AXD  TECIlNIQra 

the  broth  and  can  be.  tranRinittod  in  sories  from  l»roth  fishings  of 
irreKnIar  roloi»irs  in  thu  same  way  as  from  dissolved  niltuirs. 

11'  a  iiuiuIht  of  iiTcj^Uar  colonies  are  obtained  on  a  sireak  plate, 
it  wiil  be  found  that  on  examinin*?  with  the  mieroseope  or  often 
with  the  naked  eye.  that  there  are  minute  transparent  masses  be- 
tween the  irrejfular  colonies,  which  arc  referred  to  by  most  writers 
as  '* appearances.**  On  examiiduj?  the  irrefrular  lytic  colonies  under 
tlie  mieroseope  it  will  be  found  that  the  lytic  colonies  owe  their 
irregular  shape  to  the  fact  I  hat  their  edges  have  faded  out  into  these 
transparent  appearances*  All  attempt  to  find  a  definite  structure 
in  the  ** appearances'*  by  difTerei»t  methods  of  staining  have  failed, 
and  we  have  no  reason  to  tielieve  that  they  arc  living.  In  our 
opinion  the  "appearances"  represent  the  debris  left  when  the  sus- 
ceptible bacilli  in  any  culture  arc  dissolved  by  aetion  nf  thi*  lytic 
principle. 

The  two  most  striking  facts  about  these  lytic  agents  from  what- 
ever source  thoy  are  denved  are:  (1),  that  a  single  contact  with 
the  lytic  agent  is  sufiieient  to  divide  a  normal  culture  into  two  types 
of  organisms,  one  the  resistant  type,  the  other  the  bearer  of  the 
lytic  principle;  (2),  that  tin'  lylie  principle  could  only  be  transmitted 
in  sencs  when  young  actively  growing  cultures  were  used.  This 
suggested  that  once  the  dissolving  action  was  started,  the  lytic  agent 
in  subsequent  generations  was  derived  from  the  bacterial  cell  itself. 
Kxperiments  were  consequently  undertaken  to  isolate  a  Ij^ic  agent 
which  would  .start  the  dissolving  process  without  any  interaction 
of  the  living  animal  body. 

The  early  work  of  Twort  in  connection  with  vaccine  virus  sug- 
gested that  tissue  enzynu-s  might  be  able  to  start  the  process.  In 
consequence  glycerine  extracts  of  intestinal  mucosa  have  been  made 
and  such  extracts  when  added  to  young  turbid  typhoid  or  dysentery 
cultures  in  a  dilution  of  1-10  have  had  a  dissolving  action  on  the 
bacilli  which  is  transndttible  in  series.  Liver  extracts  prepared 
according  to  the  method  of  Turro'*  have  given  .similar  results. 

Bordet  has  re<'ently  prepared  an  antilytic  scrum/*  In  trying 
to  duplicate  his  experiments,  and  testing  the  normal  rabbit  serum 
comparatively  «-ilh  tlie  immune  serum,  it  was  found  that  in  some 
instances  the  normal  rabbit  serum  had  a  dissolving  action  when 
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added  in  a  dilution  of  1-10  to  young  typhoid  broth  cultures.  It 
seems,  therefore,  that  this  poAver  of  dissolving  bacteria  is  the  prop- 
erty of  many  different  cells  of  the  animal  body  and  is  also  present 
in  certain  instances  in  the  blood  serum.  "Whether  the  lytic  agent 
in  the  serum  can  be  definitely  identified  with  serum  protease  or 
lipase  has  not  been  determined. 


CHAPTER   V 

THE  DESTRITCTION  OF  BACTERIA 


GENERAL   CONSIDERATIONS 

No  branch  of  bacteriology  has  been  more  fruitful  in  practical 
application  than  that  which  deals  with  the  factoi-s  which  l)ring  about 
the  destruction  of  microorganisms.  Upon  the  study  of  this  branch 
has  depended  the  growth  and  the  development  of  modern  surgery. 

The  agents  which  affect  bacteria  injuriously  are  many,  and  are 
Ixitli  physical  and  chemical  in  nature. 

When  a  procedure  completely  destroys  bacterial  life  it  is  spoken 
of  as  sterilization  or  disinfection,  the  term  disinfection  being  em- 
ployed more  especially  to  designate  the  use  of  chemical  agents. 
When  the  procedure  destroys  vegetative  forms  only,  leaving  the 
more  resistant  sporeii  uninjured,  it  is  spoken  of  as  "incomplete 
sterilization."  When  an  agent,  on  the  other  hand,  does  not  actually 
kill  the  microorganisms,  but  merely  inhibits  their  growth  and  mul- 
tiplication, it  is  spoken  of  as  an  antiseptic.  The  term  deodorant 
is  indiscriminately  applied  to  substances  which  mask  or  destroy 
offensive  odors,  and  may  or  may  not  possess  disinfectant  or  antiseptic 
value.  Some  deodorants  act  chemically  on  the  noxious  gases,  de- 
stroying them. 

PHYSICAL    AGENTS    INJURIOUS    TO    BACTERIA 

The  principal  physical  agents  which  may  exert  deleterious  action 
upon  bacteria  are:  drying,  light,  electricity,  and  heat. 

Drjdng. — Complete  desiccation  eventually  destroys  most  of  the 
pathogenic  bacteria,  yet  great  differences  in  resistance  to  this  con- 
dition are  shown  by  various  microorganisms.  Ficker,^  who  has  made 
a  ayslcmatie  study  of  the  influence  of  complete  drying  upon  bacteria, 
concludes  that  the  resistance  of  bacteria  to  desiccation  is  influenced 
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the  a^  of  the  culture  investigated,  the  rapidity  witli  which  the 
withdrawal  of  moisture  is  aecompliahed.  and  the  teuiperalurc  at 
which  the  process  takes  place.  Microorganisms  like  the  gonoeoecusi 
and  the  Pfeiffer  baoiUus  are  destroyed  by  drying  within  a  few 
hoars.  The  cholera  vibrio  di'ied  upon  a  eoverslip  was  found  by 
Koch'  to  be  killed  within  four  hours;  by  Burkholtat/  to  survive 
about  twvnty-four  hours.  The  spore-forms  of  bacteria  arc  infinitely 
more  resultant  to  this  influence  than  are  the  vegetative  forms,  tliough 
ihcy  may  be  destroyed  by  rapid  and  complete  drying  in  a  desiccator. 

It  is  self-evident  that  many  discrepancies  in  the  experimental 
results  of  various  authors  raay  depend  upon  the  technique  of  inves- 
tigation, sinco  the  degree  of  drying  attained  depends  intimately  upon 
the  thickness  and  consistence  of  the  material  investigated,  ftjul  upon 
the  mt-thods  employed  for  desiccation. 

Light.^ — Direct  sunlight  is  a  powerful  germicide  for  all  bacteria 
except  a  limited  number  of  species  like  the  tliio-  or  sulphur  bacteria, 
which  utilise  sunlight  for  their  nu'tabolic  processes  as  do  the  green 
plants. 

.^  Koch*  has  shown  that  exposure  to  sunlight  will  destroy  the  tuber- 
cle bacillus  within  two  hours  or  less,  the  time  depending  upon  the 
ihicknwjs  of  the  exposed  layers  and  the  material  surrounding  the 
bacilli.  Confirmatory  researches  have  been  published  by  Mignesco* 
and  others.  The  powerfxil  disinfecting  influence  of  sunlight  tipon 
bacteria  suspended  in  water  has  been  shown  by  Buchner.**  Olwerva- 
tiona  in  regard  to  the  influence  of  sunlight  upon  anthrax  spores 
have  been  made  by  Arloing/  and  similar  observations  upon  a  nuni- 
l>er  of  other  microorganisms  have  been  carried  out  by  Dieudonne, 
Janowski,  v.  Esmareh,  and  many  others.  All  these  observers,  wlule 
differing  somewhat  as  to  the  time  necessary  for  bacterial  destruc- 
tion, agi'ee  in  finding  definite  and  powerful  bactericidal  action  nf 
sunlight.  Diffiwe  light,  of  course,  is  less  active  than  direct  sunlight. 
According  to  Buehncr,  typhoid  bacilli  arc  inhibited  by  direct  sun- 
light in  one  and  one-half  hours,  by  diffuse  light  in  five  hours.  A 
remarkable  statement  is  made  by  Arloing,  who  claims  to  have  found 
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tcmperaturt  for  Umpornluri'.  For  tliv  riTi»K^ition  or  thin  fact  we 
aro  largely  iijck'btvd  Ut  tlie  early  rrwarehos  of  Koch  and  \Vollf- 
luigi^l."  And  of  Koch.  OafFky,  and  Loeffler." 

These  obflor\'fr8  wvro  able  to  show  that  the  spores  of  anthrax 
were  destroyed  by  boiling  water  at  100^  C.  in  from  one  to  twelve 
minutes,  whereas  dry  hot  air  was  efficient  only  after  three  hourw' 
expofiurc  t<i  140°  C.  Kxtensive  confirmation  i>f  th^Hc  dtffi'rcnct'B  lias 
been  brought  by  many  workers.  An  explanation  of  the  phenomena  ob- 
served is  probably  to  be  found  in  the  ebanf^s  in  the  eoapilahility 
of  proteins  brought  iibout  in  them  by  the  abstraction  of  water. 
Lewith,"  working  with  various  proteins,  found  that  these  substnncej* 
are  eoagulaird  l)y  lieat  at  lower  tempcrnturca  when  they  contain 
abundant  quantities  (»f  water,  than  when  water  has  been  abstrat^ted 
from  them.  On  the  basis  of  actual  experiment  with  egg  albumin 
he  obtained  the  following  reaultM,"  which  illustrate  the  point  in 
question: 

K^g  iLlbuium  ill  dilute  uqut*oti8  Holutiuiii  coafrulnt«d  at  56**  C. 


with 


5  IK. 


74-800  c. 
H0-9()°  C. 
1««*  C. 


Al)Rolutely  anhydrous  olhumin,  according  to  Haas,'*  may 
heated  to  170^  (\  witliout  coagulation.  It  is  thii>i  clear  that  bacteria 
exposed  to  hot  air  may  be  considerably  dehydrated  before  the  tem- 
perature rise.s  sufficiently  to  cause  death  by  coagulation,  complete 
dehydration  nccesaitating  t  bei  r  .l.-si  ruct  ion  poasibly  by  actual 
burning. 

Haetcria  exposed  to  moist  air  or  hteam,  on  the  other  hand,  may 
absorb  water  and  become  proportionately  more  eoagulable. 

The  same  principle,  as  Lewith  points  out,  probably  explains  the 
great  resistance  to  heal  observed  in  the  case  of  the  highly  con- 
centrated protoplasm  of  spores. 

Apart  from  the  actiuilly  greater  efficiency  of  moist  heat  when 
compared  with  dry  heat  of  an  equal  temperature,  an  advantage  of 
great  practical  signi^cance  posHeasod  by  moist  heat  Ilea  in  its  greater 
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powers  of  penetration.  An  experiment  carried  out  by  Koch  and 
his  associates  illustrates  this  point  clearly.  Small  packages  of  garden 
soil  were  surrounded  by  varying  thicknesses  of  linen  with  thermom- 
eters 80  placed  that  the  temperature  under  a  definite  number  of 
layers  could  be  determined.  Exposures  to  hot  air  and  to  steam 
were  then  made  for  comparison,  and  the  results  were  as  tabulated  :'^ 


Tampatm- 
turw. 

Ttnttof 
AppUctttion. 

TBHFSmATVBBS  RlAOBSD  wiraiN 

Tbickhbssm  op  Limbn. 

Twenty 
Thicknewn. 

Forty 

ThickncMcs. 

One  Hundred 

ThickncMes. 

130-140»C. 
90-105.3' 

4  hours. 
3  hours. 

101' 

72" 
101' 

Below  70** 

101  .S* 

Hot) 


Stesm. 


Incomplete 
sterilisa- 
tion. 
Complete 
steriliza- 
tion. 


This  great  penetrating  power  of  steam  is  due  presumably  to  its 
comparatively  low  specific  gravity  which  enables  it  to  displace  air 
from  the  interior  of  porous  materials,  and  also  to  the  fact  that 
as  the  steam  comes  in  contact  with  the  objects  to  be  disinfected  a 
condensation  takes  place  with  the  consequent  liberation  of  heat. 
When  a  vapor  passes  into  the  liquid  state  it  gives  out  a  definite 
amount  of  heat,  which  in  the  case  of  water  vapor,  at  100°  C, 
amounts  to  about  537  calories.  This  brings  about  a  rapid  heating 
of  the  object  in  question.  Following  this  process  the  further  heating 
takes  place  by  conduction,  and  it  is,  of  course,  well  known  that 
steam  is  a  much  better  heat  conductor  than  air.*' 

Moist  heat  may  be  applied  as  boiling  water,  in  which,  of  course, 
the  temperature  varies  little  from  100°  C,  or  as  steam.  Steam  may 
be  used  as  live,  flowing  steam,  without  pressure,  the  temperature 
of  which  is  more  or  less  constant  at  100°  C,  or  still  higher  efficiency 
may  be  attained  by  the  use  of  steam  under  pressure,  in  which,  of 
course,  temperatures  far  exceeding  100**  C.  may  be  produced,  accord; 
ing  to  the  amount  of  pressure  which  is  used. 

The  spores  of  certain  bacteria  of  the  soil  which  can  not  be  kOJJjra! 
in  live  steam  in  less  than  several  hours  may  be  destroyed  in  a  tew 
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the  broth  and  ran  bo  trnnsinilt^'il  in  srrics  from  lin»th  iishingH 
irrtKulur  roh)UUK  in  llie  sumo  way  ii»  from  (iissalvcd  luIIiuoh. 

If  a  iiuiiihor  of  irroi^ilttr  i-ohmios  are  obtainod  tm  n  strenk  plato 
it  will  Im*  found  thjit  on  rxumining  with  Vw  niirroHcopo  or  uftci 
with  tho  nakt'd  eye.  Ihnt  thorc  arc  minute  transparent  mosses  Iks 
twccn  the  irregular  colonieft,  which  are  referred  to  by  most  wrilr 
as  *'«ppraraneeH.''    On  exaniinin^  the  irrenndar  lyti^?  rohiniefi  und<M 
l!ie  nneroseope  it  will   be  found  tlmt  the  lylie  eolonies  owe  ihcii 
;ii'rt!|ruiar  shape  to  the  faet  that  their  e<lges  have  faded  out  into  tliea^ 
•ansparenl  appearaniM-s.     All  attempt  to  find  a  definite  struetur< 
the  '*u|)p*'uranees'*  by  different  methods  of  stainintr  have  failr 
'*nd  w<!  have  no  nason  to   believe  that  they  are   living.     In  otil 
'Opinion  the  "appearanees"  represent  fhp  dehria  left  when  the  su! 
'tcptible  baeilli  in  ariy  euUuri-  arr  diasolved  by  aotion  of  the  lyth 
prineiple. 

The  two  most  atrikiDg  facts  about  these  lytie  agents  from  what 
ever  Bonroe  thry  are  derived  are:   (1),  tlmt   n  single  rontjict  wit 
fclie  lytic  agent  is  suffieit-nt  to  divide  a  normal  'nilture  inio  twn  type 
9f  orgariisms.  one  tho  resistant   type,  the  other  tin-   hrnrer  of  tin 
lytie  prineiple;  (2).  that  thr  lylie  principh'  <*ould  only  l>e  transmitt<> 
jn  series  when  youni;  actively   growing  cultures  were  used.     Thi 
BUggiHted  that  onee  the  dinsolving  action  wa«  started,  the  lytie  ageiii 
in  iiiul>Rcquent  gi'nerutionn  whs  (hTJvrd  from  the  hneterial  rell  it8i»l: 
Experinienta  were  eon.se<|uently  tuulcrlaken  to  isolate  a  lytie  agenj 
Whieh  would  start  the  ilissolving  proeess  without  any  interaetio! 
of  the  living  aninml  body. 

The  purly  work  of  Twort  in  eonnoetion  with  vaccine  virus  suj 
gested  that  tiasue  enj'.>Tni'S  nughl  Im;  able  to  start  tlie  process, 
conae^iucnce  glyeerine  ex.traet«  of  intestinal  mucosa  have  b^»en  mad^ 
and  such  extracts  when  added  to  young  turbid  typh(»id  or  dysenter 
cultures  in  a  dilution  of  l-KJ  have  had  a  dissolving  action  on  th^ 
tmcilli   which   is  transmit (ibie  in  series.     Liver  extracts  prepar 
according  to  the  method  of  Tnrro**  have  given  similar  results. 

Bordet   has   recently  prepared   an   antihtie  serum."     In   tryii 
to  duplicate  his  experiments,  and  testing  the  normal  rabbit  serui 
comparatively  with  the  immune  senim.  it  was  found  that  in  s(»ni( 
instances  the  normal   rabbit  sfrum   bad  a  dissolving  aftion  whoi 


•  rurro,  Compt*  1le!»<1.  ite  In  Bo«!.  Biel.,  Vwbnmry  12th,  llf:;i. 

"  H'tnkt  ftml  Cinea,  CuLipt.  KcimI.  ili*  la  Hdc.  Biol..  I'Y-bnmry  fith,  1921. 
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added  in  a  dilution  of  1-10  to  young  typhoid  broth  cultures.  It 
seems,  therefore,  that  this  power  of  dissolving  bacteria  is  the  prop- 
erty of  many  different  cells  of  the  animal  body  and  is  also  present 
in  certain  instances  in  the  blood  serum.  Whether  the  lytic  agent 
in  the  serum  can  be  definitely  identified  with  serum  protease  or 
lipase  has  not  been  determined. 


CHAPTER  V 

THE  DESTRUCTION  OF  BACTERIA 

GENERAL   CONSIDERATIONS 

No  branch  of  bacteriology  has  been  more  fruitful  in  practical 
application  than  that  which  deals  with  the  factors  which  bring  about 
the  destruction  of  microorganisms.  Upon  the  study  of  this  branch 
has  depended  the  growth  and  the  development  of  modern  surgery. 

The  agents  which  affect  bacteria  injuriously  are  many,  and  are 
both  physical  and  chemical  in  nature. 

When  a  procedure  completely  destroys  bacterial  life  it  is  spoken 
of  as  sterilization  or  disinfection,  the  term  disinfection  being  em- 
ployed more  especially  to  designate  the  use  of  chemical  agents. 
When  the  procedure  destroys  vegetative  forms  only,  leaving  the 
more  resistant  spores  uninjured,  it  is  spoken  of  as  "incomplete 
sterilization."  When  an  agent,  on  the  other  hand,  does  not  actually 
kill  the  microorganisms,  but  merely  inhibits  their  growth  and  mul- 
tiplication, it  is  spoken  of  as  an  antiseptic.  The  term  deodorant 
is  indiscriminately  applied  to  substances  which  mask  or  destroy 
offensive  odors,  and  may  or  may  not  possess  disinfectant  or  antiseptic 
value.  Some  deodorants  act  chemically  on  the  noxious  gases,  de- 
stroying them. 

PHYSICAL   AGENTS   INJURIOUS   TO   BACTERIA 

The  principal  physical  agents  which  may  exert  deleterious  action 
upon  bacteria  are :  drying,  light,  electricity,  and  heat. 

Drying.-r-Complete  desiccation  eventually  destroys  most  of  the 
pathogenic  bacteria,  yet  great  differences  in  resistance  to  this  con- 
dition are  shown  by  various  microorganisms.  Ficker,*  who  has  made 
a  systematic  study  of  the  influence  of  complete  drying  upon  bacteria, 
concludes  that  the  resistance  of  bacteria  to  desiccation  is  influenced 


'  Ficker,  Zeit.  f.  Hyg.,  xxir,  1896. 

76 


THE  DESTRUCTION  OF  BACTERIA 


77 


by  the  age  of  the  culture  invcstiKated,  the  rapidity  with  which  the 
mlhdrawal  of  moisture  is  accomplished,  and  the  temperature  al 
which  the  process  takes  place.  MicroorKanisms  like  the  gonocoecus 
and  the  Pfeiflfer  bacillus  are  destroyed  by  drying  within  a  few 
hours.  The  cholera  vibrio  dried  upon  a  corerslip  was  found  by 
Koch-  to  be  killed  within  four  hours;  by  Burkholtz/  to  survive 
about  twenty-four  hours.  The  spore-forms  of  bacteria  are  infinitely 
more  resistant  to  this  influence  than  are  the  vegetative  forms,  though 
they  may  be  destroyed  by  rapid  and  complete  drying  in  a  dcfiiccator. 

It  is  self-evident  that  many  discrepancies  in  the  cxpenmcntal 
results  of  various  authors  may  depend  upon  the  technique  of  inves- 
tigation, since  the  degree  of  drying  attained  depends  intimately  upon 
the  thiekiicss  and  consistence  of  the  material  investigated,  and  upon 
the  methods  employed  for  desiccation. 

Light. — Direct  sunlight  is  a  powerful  germicide  for  all  bacteria 
except  a  limited  number  of  species  like  the  thio-  or  sulphur  bacteria, 
which  utilize  sunlight  for  their  metabolic  processes  as  do  the  green 
plants. 

Koch*  has  shown  that  exposure  to  sunlight  will  destroy  the  tuber- 
cle bacillus  within  two  hours  or  less,  the  time  depending  upon  the 
thickness  of  the  exposed  layers  and  the  material  surrounding  tlie 
bacilli.  Confirmatory  researches  have  been  published  by  Mignesco* 
and  others.  The  powerful  disinfecting  influence  of  sunlight  upon 
bacteria  suspended  in  water  has  been  shown  by  Buchner.*  Observa- 
tions in  regard  to  the  influence  of  sunlight  upon  anthrax  spores 
have  been  made  by  Arloing,'  and  similar  observations  upon  a  num- 
ber of  other  microorganisms  have  been  carried  out  by  Dieudonne, 
Janowski,  v.  Esmarch,  and  many  others.  All  these  observers,  while 
differing  somewhat  as  to  the  time  necessary  for  bacterial  destruc- 
tion, agree  in  finding  definite  and  powerful  bactericidal  action  of 
sunlight.  DifTuso  light,  of  course,  is  less  active  than  direct  sunlight. 
According  to  Buchner.  typhoid  bacilli  arc  inhibited  by  direct  sun- 
light in  one  and  one-half  hours,  by  diffuse  liKht  in  five  hours.  A 
remarkable  statement  is  made  by  Arloing.  who  claims  to  have  found 


*Koch,  Arb.  &.  d.  kais.  OwundheiUamt,  iii,  1887. 

*BurkhoU£,  Arb.  a.  U.  kais.  Geaundhoitaamt,  v,  1889. 

*KocK  X  Internat.  Med.  Congreun,  Berlin,  1890. 

*Uignc9co,  Arch.  f.  Hvk.,  xxv,  1896. 

•Buchner,  Cent.  f.  Bakt.,  I.  xi,  1892. 

^  Arloing,  Compt.  rend,  de  ra<;i|d.  d.  bcK,  c.  1885. 


m»i«ifTii  by  direct  siinliMilit 
nk     iNiiinKS    require    t'lirlhor 


>  Mat  llu'  itifliu'.nro  of  .sun- 
,^     .  4^*   «»    irnippratuiv.  nor  always 
^f^i  ril»  KirUriA.  but  depends  largely 
I«a4li9««l   Nv   the   light    rays  in   the 
vmmJT  «tfu*ludt.'  that  under  ordinary 
N^nWMMPlLt  peroxide  of  hydrogen  is 
t^flK     Novy  tiiid  Freer'"  believe  that 
A  mttitHii  as  a  result  of  exposure  to 
^^U^iMod  by  the  formation  of  small 
4#  tf^i^Sf^n.  and  attribute  this  action   to 
,.-,.,r^  .imVr  the  described  conditions,  such  as 
teM^A  lMM\vlAeetyJ,  and  others.     These  views 
jljlij^ii-^l  by  the  fact  that  exclusion  of  oxygen 
tji  itfc"^'^"**-^"  the  bactericidal  power  of  light.'* 
n.'*^  \^i»«>*«  nione,  however,  do  not  explain  lliis 
I  .,  t  that  drie<l  boeteria,  not  surrounded  by 
Y^  «  fi.iutbtr  action.'^ 
;4lua  ^Nyi^H^t  »•»  niftti'*!  ^"  '^s  bactericidal  power,  it  has 
uoM  ^il^Tvein  that  the  most  powerful  action  is 
4kVM<t4  upectral  rays.  wheix?as  the  yellow,  red, 
**^  lirtolieally  Ituiocuous.*'* 
UUH1  %u  note  that  sunlight  has  been  found  also 
'  wing  fntiuence'*  upon  some  Imetcrial  poisons, 

filth  ot*  J^'rri  and  Celli  upon  tetanus  toxin. 

oxorU  A  distinct  bactericidal  action  when  applied 
•  »H*  (o  !MM»  euiidle  power  for  seven  or  eight  hours.*" 
\  tt\)it  niv  said  hy  Zeit,'"  Hlaise  and  Sanihae.''  and 


«,  ilwttt    VUtMti.  Mof.,  (,  1S9S,  Ref.  t>eut.  cheni.  OeBellif.,  xxvi. 
'■"     ell, 

' ,  Jlil  Amik  Mwliog  Awn.  Aincr.  BACt«>riolo^ifits,  Ohir*ttgn,  1901. 
.     .     |n«t,   PiMt,.  i%t  IHH7. 
t  Um.  dU. 

I  I     vhI  Hitc.t  fl2,  ISD3. 

t  I  mil.  r.  HiikU,  },  xii,  ]RU2. 

|lM>.    I*U. 

!;.ii<.  Auwr.  Moil.  Awn.,  xxxvii,  190}. 
■  MHtl  /tiimfrMr,  riinipt.  rtrrn],  ilo  la  hoc.  ile  biol..  1A96. 
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otlu'i's  to  be  without  apprcviablti  geruiitddal  puwer.  lUcder,*'*  on 
the  other  baud,  has  reported  dehnite  inhibition  of  bacterial  growth 
after  exposures  of  half  an  hour  to  X-rays. 

Radium  rays  have  a  distinct  inhibitory  and  even  baeterieidal 
power  when  applied  at  distanees  of  a  few  ceniiwctei-s  for  several 
hourH.'" 

Electrioity. — If  we  exclude  tbe  indirect  artions  of  heat  and  elec- 
Irol^-sih,  it  can  hardly  bi-  said  that  the  direct  bactericidal  action  of 
eleetric  currents  haa  been  satisfactorily  demonstrated.  Such  action, 
however,  has  been  claimed  by  d 'Arson villo  and  Charriji/"  and  by 
Spilker  and  (iottstein.** 

Heat. — ^The  moKt  widely  upplieable  and  efficient  physical  ageut 
(for  sterilization  is  heat. 

The  dependence  of  bacteria  for  growth  and  vitality  upon  the 
maintenance  of  a  proper  temperature  in  their  environment,  and  the 
ranges  of  variation  within  which  bacteria  may  thrive,  have  been 
disciLSsed  in  a  prc<*i'ding  Hcetion,  in  which  a  table  of  so-called 
'^thermal  death  points*'  has  been  given.  In  the  method  of  express- 
ing these  values  it  was  seen  that  two  elements  entered  into  the 
destruction  of  bacteria  by  heat,  namely,  that  of  the  degree  of  tem- 
perature which  Ls  applied,  and  that  of  the  time  of  application. 

The  prohmged  application  of  moderately  high  temperatures,  in 
other  words,  may  in  certain  instances,  accomplish  the  same  result 
as  the  brief  use  of  extremely  high  ones.  In  general,  the  death  of 
bacteria  following  prolonged  exposure  to  temperatures  but  slightly 
exceeding  the  optimum  is  due  to  the  inability  of  the  analwUc 
processes  to  keep  pace  with  the  accelerated  katabolie  processes, 
gi-adual  attenuation  resulting  in  death.  At  somewhat  higher  tem- 
peratures death  results  from  coagulation  of  the  bacterial  protoplasm,! 
and  at  still  higher  degrees  of  heat,  applied  in  the  dry  form,  direct 
burning  of  the  bacteria  may  be  the  cause  of  their  destruction. 

Heat  may  1h'  applied  in  the  form  of  dry  heat  or  as  moist  heat. 
these  methods  being  of  great  practical  value,  but  differently  ap- 
plicable according  to  the  nature  of  the  materials  to  be  sterilized. 
The  two  m«tlM>ds,  moreover,  show  a  marked  diflFerence  in  efficiency, 


"  Birder,  MUnch.  med.  Woch.,  1898. 

*"  Personal  observations. 

^  D'AraonvUle  and  Charrin,  Conipt.  rend,  liv  la  soc.  de  biul 

*'  Spiiker  and  GottsUin,  Gent  f.  Bakt.,  I,  9>  1B91. 
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letDperatun  for  temperature.  For  the  reco^iitiou  of  this  fact  we 
are  largely  iad^^bted  to  the  early  researches  of  Koch  and  Wolff- 
hiigel,"  and  of  Koch,  Gaffky.  and  Loeffler." 

These  oh»er%-er8  were  able  to  show  that  the  spores  of  anthrax 
were  destroyed  by  boiling  water  at  100*'  C.  in  from  one  to  twelve 
minotes,  whereas  dry  hot  air  was  efficient  only  after  three  hours* 
expoture  to  140*'  C.  Extensive  oonfirraation  of  these  differences  has 
"been  brought  by  many  workers.  An  explanation  of  the  phenomena  ob- 
served is  probably  to  be  found  in  the  ehangeH  in  the  coagulability 
of  proteins  brought  about  in  them  by  the  alistraelion  of  water. 
Lcwith,"  working  with  various  proteins,  fo\ind  that  these  Hubstancos 
are  coagulated  by  heat  at  lower  temperatures  when  they  contain 
abundant  quantities  of  water,  than  when  water  has  been  abstraeted 
from  them.  On  the  basis  of  actual  experiment  with  egg  albumin 
he  obtained  the  following  results,"  which  illustrate  the  point  in 
question : 

Egg  albunio  In  dilute  aqueoaii  ftolution,  coa^lated  at  56°  C. 

"  with  25  per  cent  water,  *'  "    74-80°  0. 

'      IR **   8O-90«  C. 

rt "  **   145"  C. 

I 
Ahftohitely  anhydrous   albumin,   according  to   Raas."   may   be 

heated  to  170'^  (.'.  without  coagulation.  It  is  thus  clear  that  bacteria 
exposed  to  hot  air  may  Ix-  considerably  dehydrated  before  the  tem- 
perature rinea  safficicntly  to  cause  death  by  coagulation,  complete 
dehydration  necessitatintfr  their  destruction  possibly  by  actual 
bumiAff. 

Hacteria  exposed  to  moist  air  or  stearaj  on  the  other  hand,  may 
abaorb  water  and  l)ecomG  proportionately  more  coa^lable. 

The  same  principle,  as  Lewith  points  out,  probably  explains  the 
Kreut  resistance  to  heat  observed  in  the  case  of  the  liighly  con- 
centrated protoplasm  of  spores. 

Apart  from  the  actually  (greater  efficiency  of  moist  heat  when 
compared  with  dry  heat  of  an  equal  temperature,  an  advantage  of 
great  practical  significance  poBsessed  by  moist  heat  liea  in  its  greater 


'Koeh  and  WolljrhUgel,  MUt.  a.  kaia.  OcsuudbritiuuBt,  I,  18dS. 

■A'ocA,  Gaffky  and  Lorffler,  ibid. 

**  Lewith,  Arch.  f.  exp.  Path.  u.  Pbariii.,  xxvi,  1800. 

"Lewith,  ]oc.  cit..  p.  351. 

"  Iiaa§,  Pra jr.  mod.  Woch.,  34-36,  1876. 
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powers  of  penotratlon.  An  ojcperiment  carried  out  by  Koch  and 
his  associates  illustrates  this  point  clearly.  Small  paekagva  of  gard(*ii 
soil  were  surrounded  by  varying  thicknesses  of  linen  with  thei'uiom^ 
eters  so  placed  that  the  temperature  under  a  detinito  number  of 
layers  could  be  determined.  Exposures  to  hot  air  and  to  steam 
were  then  made  for  comparison,  and  the  results  were  as  tabulated:" 


Teniper«- 
lurea. 

Time  of 

Appltmrion. 

TSXFSIUTVBKM   RkaC«1ID    WITMIM 

Tmickkbmm  ow  Ijkkx. 

Twenty 

Thick.nr««o- 

Forty        On*  Hundred 

ThirknmRn     TbirkncsM>a. 

Hot  air.... . 

130-140X 

4  hours. 

8fl* 

72' 

Bolow  70' 

Incomplete 
sterilisa- 
tion. 

Bteam 

90-105.3" 

3  hours. 

\i)V 

lor 

1015" 

CornpMe 
steriliza- 

fep  

tion 

This  great  penetrating  power  of  steam  is  due  prtHumahiy  to  its 
comparatively  low  speeilie  gravity  whieJi  enables  it  to  displaet*  uir 
from  the  interior  of  porous  materials,  and  also  to  the  fact  that 
as  the  steam  eomes  in  contact  with  the  objects  to  be  disinfected  a 
Condensation  takes  place  with  the  consequent  liberation  of  heat. 
'When  a  vapor  passes  into  the  liqiud  state  it  gives  out  a  definite 
amount  of  heat,  which  in  the  case  of  water  vapor,  at  100*  ('., 
amounts  to  about  537  calorics.  This  brings  about  a  rapid  heating 
of  the  object  in  question.  Following  this  process  the  further  heating 
takes  place  by  conduction,  and  it  is,  of  course,  well  known  that 
steam  is  a  much  better  heat  conductor  than  air.*' 

Moist  heat  may  be  applied  as  boiling  water,  in  which,  of  coui'se^ 
the  temperature  varies  littk'  from  100^  P.,  or  as  steam.  Steam  may 
be  used  as  live,  flowing  steam,  without  pressure,  the  terapcratura 
of  which  is  more  or  less  constant  at  100°  (.'..  or  still  higher  efflciency 
may  be  attained  by  the  use  of  steam  inidcr  pressure,  in  which,  of 
course,  temperatures  far  exceeding  100"^  C.  may  be  produced,  accord- 
ing to  the  amount  of  pressure  which  is  used. 

The  spores  of  certain  bacteria  of  the  soil  which  can  not  be  killed 
in  live  steam  in  less  than  several  hours  may  be  destroyed  in  a  few 

"  Koch,  Gaffky  um]  Loeffler,  foe  cU,,  p,  339. 
^Grtiber,  Cont.  f.  Bakt.,  iii,  1888. 
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4r  <v<A  inn ■  nt atfcwmsly.  in  comprcBsi'd  strain  at  tempera- 
!»•  \ij  140*  t\» 
iji  flA  Mrtbsdi  fd  lAeMD  «tcritixation,  it  is  of  great  practical 
»  T.  EMureb**  ha«  pointed  out,  that  llir  sloam  shall 
t^sl  IB,  Bbal!  contain  as  much  vaporized  water  as  its 
Unaalurated,  or  so-called  "super-heated 
heal  ia  applied  to  Kteara,  either  by  passage 
or  ar«T  heated  metal  plates.  In  BUeh  eases 
mt  tlfce  steam  is  raised,  but  no  further  water-vapor 
tWateaoi  exerts  It-ss  pressure  and  contains  less  water 
im  ila  vvkime  than  saturated  steam  of  an  equal  tem- 
rhfgied  vtcam,  therefore,  is  heated  considerably 
teflsperature  and  becomes  literally  dried.  In 
f$M  Mtfiott  k  more  comparable  to  hot  air  than  to 
flatliral<!ni  tff^aak.  9md  mp  to  ^  certain  temperature  its  disinfecting 
^Mrar  k  art— Ity  Itm  ikam  that  of  live  steam  at  100°  C.  v.  Esmarch, 
whit  him  wm4tt  m  fh«ro<H|fl  atndy  of  these  conditions,  concludes  that 
up  to  I2y  C,  tht  HKH4tke/  of  auperheated  steam  is  lower  than  that 
of  llv*  nrf^aim  at  I0(f  C-  Above  this  temperature,  of  course,  it  is 
again  arttvr  aa  in  th«  <«ar  of  ordinary  dry  heat. 

PaiCTiCAL  Mim90m  tm  Hiut  Sterilization.— Buminflr.— For  ob^ 
jecta  wlthrrtil  valtw,  arlual  burning  in  a  furnace  is  a  certain  and 
i^aaily  appH^^abl^  m^UfA  of  ftterili^ation.  Klaming,  by  passage 
thr^'Uvh  a  MuM^n  or  an  alcohol  flame,  is  the  method  in  use  for  the 
atcrilixalUm  of  plalinam  n4f<rdlr«,  eovei*8lip8,  or  other  small  objcctif 
wMcli  are  uiM'd  '     '       'Hng  ba<'teria  in  the  laboratory. 

//of  air  *fci  ka  enrried  out   in   the  so-called  *'hot   air 

cllam^w•^l/'  aimple  d^-vicea  of  varied  construction.  The  apparatius 
newt     '  *.     us**<l    conaist^    of    a    sheet-iron,     double-walled 

(thamYH  I,  _   inta  of  which,  inatcad  of  beiiig  soldered,  are  closed 

by  rivt't*.  Tlie  inner  caae  of  thia  chamber  is  entirely  closed  except 
for  an  op^-ning  in  the  top  through  which  a  thermometer  may  be 
Introduced,  while  tl)c  outer  has  a  large  opening  at  the  bottom  and 
two  Mtualler  ones  at  the  top.  A  gas-burner  is  adjiisted  under  this 
so  as  to  play  directly  upon  the  bottom  of  the  inner  ease.  A  thi-rmoni- 
cter  is  fitted  in  the  top  in  such  a  way  that  it  penetrates  into  the 
Inner  chamber.     The   air  in   the   chamber  ia   heated  directly   by 


CKrUten,  Jtcf.  Cent.  f.  Bokt.,  V,  »ii«,  18«3. 
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the  flame  and  by  the  hot  air,  which,  rising  from  the  flame,  courses 
upward  within  the  jacket  hetween  the  two  casts  and  I'Seapos  at  lh*5 
top.  To  insure  absolute  sterilization  of  objects  in  8Uc)i  a  chamber, 
the  temperature  should  be  kept  between  150^  and  160°  {'.  for  at 
least  an  hour.  In  sterilizing  combustible  ariieles  in  such  a  chamber, 
it  should  be  remembered  that  cotton  is  browned  at  a  temperature 
of  200^  C.  and  over.  This  method  is  used  in  laboratories  for  the 
sterilization  of  Petri  dishes,  flasks,  test  tubes,  and  pipettes,  and  for 
articles  wiiich  may  be  injured  by  moisture.  Both  hentinj?  and  subse- 
quent cooling  should  be  done  gradually  to  avoid  cracking  of  the 
glassware. 

Moist  Heat. — Instruments,  syringes,  and  other  suitable  objects 
may  be  sterilized  by  boiling  in  water. 
Boiling  for  about  Ave  minutes  is  amply 
sufficient  to  destroy  the  vegetative  forms 
of  all  bacteria.  For  the  destruction  of 
siwres,  iKiiling  for  one  or  two  hours  is 
usually  sufficient,  though  the  spores  of 
certain  saprophytes  of  the  soil  have  been 
found  occasionally  to  withstand  the  moist 
he«1  at  a  temperature  of  100°  C.  for  as 
long  as  sixteen  hours.^*    The  addition  of 

1  per  cent  of  sodium  carbonate  to  boiling 
water  hasten.s  the  destruction  nf  spores 
and  prevents  the  rusting  of  metal  objects 
sterilized  in  this  way.  The  addition  of 
carbolic  acid  to  boiling  water  in  from 

2  to  5  per  cent  usually  insures  the  de- 
struction of  anthrax  spores,  at  leasts 
within  ten  to  fifteen  minutes. 

Exposure  to  live  steam  is  prol> 
ably  the  most  practical  of  the  methods  J^'^-  S-Arnold  Stbeilizeb. 
of  heat  sterilization.  It  may  be  carried  mit  by  simple  mftke- 
shifts  of  the  kitchen,  such  as  the  use  of  potato-steaxnors  or  of 
wash-boilers.  For  laboratory  purposes,  the  original  steaming  device 
introduced  by  Koch  has  been  almost  completely  displaced  by  devices 
constructed  on  the  plan  of  the  so-called  "Arnold"  sterilizer  (Fig. 
8).     In  such   an  apparatus,   water   Ls  poured  into  the  reserA'oir 
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A  and  flows  from  there  into  the  shallow  receptacle  B,  formed  by 
the  double  bottom.  The  ilame  undenieath  rapidly  vaporizes  the 
tliin  layer  of  water  contained  in  B,  and  the  steam  rises  rapidly, 
coursing  Ihrougli  the  main  chamber  C.  Steam  which  escapes  through 
the  joints  of  the  lid  of  this  chamber  is  condensed  under  the  hood 
and  drops  back  into  the  reservoir.  Exposure  to  steam  iu  such  an 
apparatus  for  fifteen  to  thirty  minutes  insures  the  death  of  the 
vegetative  forms  of  bacteria. 

In  the  sterilization  of  media  by  such  a  device,  the  method  of 
fractional  sterilization  at  IW  C.  is  employed.  The  principle  of  tliis 
method  depends  upon  repeated  exposure  of  the  media  for  fifteen 
minutes  to  one-half  hour  on  three  succeeding  days.  By  the  first 
exposure  all  vegetative  forms  are  destroyed.  The  media  may  then 
be  left  at  room  temperature,  op  at  incubator  temperature  (37^*"  C.) 
luitil  the  following  day,  when  any  spores  which  may  be  present  Avill 
have  developed  into  the  vegetative  stage.  These  are  tlien  killed 
by  the  second  exposure.  A  repetition  of  this  procedure  on  a  third 
day  insures  sterility.  It  must  always  Im?  remembered,  however,  that 
tliis  method  is  applicable  only  iu  cases  in  wlueli  the  substance  to 
be  sterilized  is  a  favorable  medium  for  bacterial  growth  in  which 
it  is  likely  that  spores  will  develop  into  vegetative  fonns. 

Exceptionally  the  method  may  fail  even  in  favorable  media  when 
anaerobic  spore-forming  bacteria  are  present.  Thus,  it  has  been 
observed  that  anaerobic  spores,  failing  to  develop  undt^v  the  aerobic 
conditions  prevailing  during  the  intervals  of  fractional  sterilization, 
have  developed  after  inoculation  of  the  media  with  other  bacteria. 
when  symbiosis  had  made  their  growth  possible.  Tetanus  bacilli 
have,  in  this  way,  occurred  in  cultures  of  diphtheria  bacilli  employed 
for  toxin  production. 

In  noting  the  time  of  an  exposure  in  an  Arnold  sterilizer,  it  is 
important  to  time  tlie  process  from  the  time  when  the  temperature 
has  reached  lOO**  C.  and  not  from  the  time  of  lighting  the  flame. 

The  principle  of  /r<j<-<tW(i(  sterilization  at  low  ten»peratures  is 
applied  also  to  the  sterilization  of  substances  which  can  not  be  sub- 
jected to  temperatures  as  high  as  100°  C.  This  is  especially  the 
case  in  the  sterilization  of  media  containing  albuminous  materials, 
when  coagulation  is  to  be  avoided,  or  when  both  coagulation  of  the 
medium  and  sterilization  are  desired. 

In  such  cases  fractional  sterilization  may  be  practiced  in  simply 
eonHtrueted  sterilizers,  such  as  a  Koch  inspissatnr  or,  in  the  case 


THE  DESTRUCrnON  OF  BACTERIA 


» 


01  dliids,  such  as  blood  serum,  by  immersion  in  a  watpr-bath  at  a 
temperature  varying  above  55°  C,  according  to  cireumstanccs.  Ex- 
posures at  such  low  temperatures  may  be  repeated  on  five  or  six 
consecutive  days,  usually  for  an  hour  each  day. 

The  use  of  steam  under  pressure  is  the  most  powerful  method 
of  hcBt-disinfection  which  we  p(>H.se88.  It  is  applicable  to  the 
sterilization  of  fomittg,  dot  lung,  or  any  objects  of  a  size  suitable 
to  be  contained  in  the  apparatus  at  hand,  and  whi<?h  are  not  injured 
l>y  moisture.  In  laboratories  this  method  is  employed  for  the 
sterilization  of  infected  apparatus,  such  as  tlasks,  test  tubes,  Petri 
plates,  etc.,  containing  culturejj.  The  device  most  commonly  used 
in  laboratories  is  the  so-eallod  autoclave,  of  which  a  variety  of 
models  may  be  obtained,  both  stationary-  and  portable.  The  prin- 
ciple governing  the  construction  of  all  of  these  is  the  same.  The 
apparatus  usually  eon.sist.s  of  a  gua-melal  eyliiider  supplied  with  a 
lid,  which  can  be  tightly  closed  by  screws  or  nuts,  and  supplied 
with  a  thermometer,  a  safety-valve,  and  a  steam  pressure  gauge. 
In  the  simpler  autoclaves,  water  may  be  directly  filled  into  the  lower 
part  of  the  cylinder,  and  the  objects  to  be  sterilized  supported  upon 
a  perforated  diaplirngm.  lu  this  ea.se  the  heat  is  directly  applied 
by  means  of  a  gas  flame.  In  the  more  elal.-orate  stationary  demes, 
Steam  may  be  let  in  by  piping  it  from  the  regidar  supply  used  for 
heating  purposes.    Exposure  to  steam  under  lifteen  punnds  pressure 

(fifteen  in  addition  to  the  usual  atmospheric  ;>rcssure  of  fifteen 
pounds  to  the  square  inch)  for  fifteen  to  twenty  minutes,  is  sufficient 
to  kill  all  forms  of  bacterial  life,  including  spores. 

In  applying  autoclave  sterilization  practically,  attention  must  be 
id  to  certain  tecluiical  details,  neglect  of  which  would  result  in 
ilure  of  sterilizutiou.     It  is  neces.sary  always  to  permit  all  air  to 

^scape  from  the  autoclave  before  closing  the  vent.     If  this  is  not 

lone,  a  poorly  conducting  air-jacket  may  be  left  about  the  objects 
to  be  sterilized,  and  these  may  not  be  heated  to  the  temperature 
indicated  by  the  pressure.    It  is  also  necessary  to  allow  the  reduction 

if  pressure,  after  sterilization,  to  take  place  slowly.  Any  sudden 
[relief  of  pressure,  such  as  would  be  produced  by  opening  the  air- 
Tent  while  the  pressure  gauge  is  still  above  zero,  will  usually  result 
in  a  sudden  ebullition  of  fluid  and  a  removal  of  stoppers  from  fiasks. 
The  temperature  attained  by  the  application  of  various  degrees 
of  pressure  is  expressed  in  the  folloiAing  table: 
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Lbd.  Preesore                   Temperature 
1 102.30c. 


104.2 

105.7 

107.3 

108.8' 

110^ 

111.7 

113 


9 114.3° 

10 ;.'*;.,'.....  115.6 

11  U«.8 

12 118 


Lbs.  Preeinre  Temporatura 

13  119.1C. 

14 120.2 

15  '  I2U 

16  122.4 

17 123.3» 


18 
20 
22 

24 
26 
28 
30 


124.3 
126.S 
128.1 
129.3 
131.5 
133.1 
134.0 


CHEMICAL   AGENTS    INJURIOUS   TO    BACTERIA 

Since  the  time  of  Koch  V*  fundamental  researches  upon  chemical 
disinfectants,  the  known  number  of  these  substances  has  been 
enormously  increased,  and  now  embraces  ehemioal  agents  of  the 
most  varied  constitution.  It  is  thixs  manifestly  impossible  to  refer 
the  injurious  influence  which  these  substances  exert  upon  bacteria 
to  any  uniform  law  of  action.  The  efficiency  of  a  disinfecting  agent, 
furthermore,  is  n(»l  alone  dependent  upon  the  nature  and  concen- 
trations of  the  substance  itself,  but  depends  complexly  upon  the 
nature  of  the  solvent  in  which  it  is  employed,  the  temperature  pre- 
vailing during  its  application,  the  numbers  and  biological  character- 
istics of  tiie  bacteria  in  question,  and  the  lime  of  exposure.  All 
these  factors,  theivforc,  must  he  considered  in  testing  the  cflficiency 
of  any  given  disinf<jctant.  "While  it  is  true,  furthermore,  that  all 
Buljstances  which  in  a  given  concentration  exert  bactericidal  or 
dlsinfeoting  action  upon  a  microorganism,  will  in  greater  dilution 
act  aiitiscptically  or  inhibitivdy,  no  definite  rules  of  proporlioji  exist 
between  the  two  values,  which  in  each  case  must  be  deturmincd 
by  exjicrimcnt. 

Disinfectants  Used  in  Solution.— The  actual  processes  which  lake 
place  in  the  injury  of  bacteria  by  disinfectants  are  to  a  large  extent 
unknown.  In  the  case  of  strong  acids,  or  strongly  oxidizing  sub- 
stances, thero  may  be  destruction  of  the  bacterial  Iwdy  as  a  whole 
by  rapid  oxidntinu.  Other  substances  may  act  by  coagulation  of 
the  bacterial  protoplasm;  others  again  by  dilTusion  through  the 
cell  Tuembrano  are  able  to  enter  into  chemical  combination  with  the 
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protoplasm  and  exert  a  toxic  action.  ARain,  in  other  ca,*jps,  a  dif- 
ference iti  tonicity  hetWfiMi  cell  protoplasm  and  disinfectant  may 
tend  to  withdrawal  of  wutor  from  the  bucttrial  cell  and  consiMiueut 
injury  of  the  microorganism. 

Among  tlie  inor^anie  disinfectants  the  most  important  are  the 
metallic  salts,  acids,  aiul  hases,  the  halogens  and  their  derivatives, 
and  certain  oxidizing  agents  like  peroxide  of  hydrogen  and  perman- 
ganate of  potassium. 

It  has  been  shovni  by  Scheuorlen  and  Spiro,^*  Kronig  and  Paul," 
and  others,  that  in  the  case  of  the  salts,  acids,  and  bases,  there  ii 
a  distinct  and  demonstrable  relationship  between  the  disinfecting 
power  of  these  suljstances  and  their  dissoeiation  in  s<»liitinM. 

Aceortling  to  the  theory  of  eloctrolytie  dissociation,  when  bodies 
of  this  class  go  into  solution  they  are  broken  up  or  dissociated  into 
an  electro-positive  and  an  electro-negative  ion.  Thus,  metallie  saltB 
are  broken  up  into  the  kation,  or  positive  metal,  and  into  the  anion, 
or  negative  acid  radicle  (Ag\0,  =  Ag,  +  if>n  *i''d  NO,,  —  ion). 
In  the  case  of  the  aeidft,  ionization  takes  place  into  the  hydrogen 
ions  and  the  acid  radicles,  M'hile  in  the  ease  of  the  luises  the  dissocia- 
tion occurs  into  the  metal,  on  the  one  hand,  and  the  OH  group  on 
the  other.  The  degree  of  dissociation  taking  place  depends  upon 
the  nature  of  the  substance  in  solution,  its  concentration,  and  the 
nature  of  the  solvent.  Thus,  in  any  such  solution  there  appear  three 
substances,  the  undissoeiated  compound  as  such,  its  electro-negative 
ion,  and  its  electro-positive  ion,  their  relative  concentrations  depend- 
ing upon  an  uiterrclationship  calculable  by  definite  laws.  It  goes 
without  saying,  therefore,  that  any  chemical  or  physical  reaction, 
taken  part  in  by  such  a  solution,  may  be  participated  in,  not  only 
by  the  dissolved  undissoeiated  residue  as  a  whole,  hut  by  its  separate 
ions  individually  as  well.  In  the  case  of  many  disinfectants,  the 
writors  referred  to  above  have  been  able  to  demonstrate  a  relation- 
ship between  the  degree  of  dissociation  and  the  bactericidal  powers. 
According  to  Krotng  and  Paul,  double  metallic  salts,  in  which  the 
metal  is  a  constituent  of  a  compl(»x  ion  and  in  which  the  concentration 
of  the  dissociated  metal-ions  is  consequently  low,  have  very  little 
disinfecting  power.  Thus  potasaium-silver-eyanide,  which  is  a  com- 
paratively weak  disinfectant,  dissociates  into  the  kation  K  and  the 


**8eheuerl(m  und  Spiro,  Miineh.  mod.  W*H»h.,  44,  1897, 

**  Kroniif  uiul  Paul,  Zeit.  f.  IIv^j.,  xxv,  3897. 
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^ueous  solutions  of  such  sub- 
3olutioni3  in  the  alcohols  or  ib 
llic  salts  are  ionized  iu  these 
ihan  they  are  in  water." 
of  moderate  quantities  of  ethyl 
_  ^  ^aneous  solutions  of  silver  nitrate 
"^^  ^gpt^scs  the  disinfecting  action  of 
,       ,  pnr"  chloride,  Kronig  and  Paul 
^*  in  aolulions  to  which  alcohol  had 

^  ^  per  cent.    For  tliis  empirical 
^^s  not  yet  been  found.     Kronig 
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the  degree  of  dissociation.     In 
itrd.  however,  that  ulisolute  and 
d«ai^a^i"^  agents,   thus  actually 
less   susceptible    to    deleterious 


the  same  authors  have  determined 

^f  these  substances  arc  again  directly 

^    their  dissociation:  that  is.  to  the 

or  hydroxyl  ions,  respectively.     The 
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therefore,  are  more  efficient  disin- 
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such  solutions^  inasmuch  as  it  diminishes  the  concentration  of  free 
ions.  In  practice,  liowever,  NaCl  or  NH^Cl  is  added  to  bichloride 
of  mercury  solutions,  since  these  substances  aid  in  holding  in  solu- 
tion mercury  compounds  formed  in  the  presence  of  alkaline  al- 
buminous material,  blood  serum,  pus,  etc. 

The  principles  luiderlying  disinfection  have  been  still  further 
elucidated  by  Chick,"  who  sliowcd  that  the  rate  at  which  bacteria 
were  killed  followed  the  definite  mathematical  expression  for  velocity 
of  simple  chemical  reactions  of  the  monomolecular  type.  It  was 
found  necessary  to  express  the  concentration  of  ionized  antiseptics 
ill  It'rms  of  concentration  of  the  active  ion  (Hg)  instead  of  total 
molecular  concentration,  thus  adducing  further  verification  of  the 
work  of  Seheuerlen  and  Spiro,  and  Kronig  and  Paul.  There  was 
also  found  to  be  an  unusually  high  temperature  coefficient  for  dis- 
infectant action,  in  the  ease  of  phenol  the  reaction  velocity  increas- 
ing eight  times  for  a  rise  of  10*.  C,  while  with  metallic  salts,  the 
increase  was  about  three-fold.  The  advantage  to  be  gained  by  the 
use  of  warm  solutions  is,  therefore,  evident. 

'■  Halogens.* — In  regard  to  the  halogens,  Kronig  and  Paul  have 
shown  that  the  germicidal  power  of  this  class  of  elements  is  inversely 
proportionati'  to  tlieir  atomic  weights.  Thus,  chlorine  with  the 
lowest  atomic  weight  is  the  strongest  disinfectant  of  tlie  group. 
Next,  and  almost  equal  to  this,  is  bromine.  Iodine  with  a  much 
heavier  atomic  weight  than  either  of  the  former  is  distinctly  less 
bactericidal. 

Chloride  of  Lime. — Of  the  halogen  compounds  used  in  practice, 
the  most  important  is  chlonde  of  Ihne  or  bleaching  powder.  As  to 
the  composition  of  this  substance,  there  is  some  difTtrenee  of  opinion. 
It  was  formerly  believed  to  be  a  mixture  of  calcium  hypochlorite, 
Ca(C10J,  and  of  calcium  chloride,  CaClj.  The  fact  that  the  sub- 
fltanre  is  not  deliquescent,  however,  speaks  against  the  prt'scnci-  of 
calcium  chloride  as  such,  and  it  is  probable  that  it  consists  of  a 
single  compound  with  the  formula  CaOCl,.  The  action  of  acids  or 
even  of  atmospheric  TO.  ujjon  this  sulxstance  results  in  the  liberation 
of  chlorine.    For  instance; 

Ca(t'l,U)  +  2HCI  =  CaCl,  +  2HC10. 
2HC10      -h  2HC1  =  2H2O  +  2C1,. 


"CfticJl-,  Jour,  of  Hyg.,  8,  1908,  92„  and  10,  1910,  238. 

•  For  coDftidoration  of  th*»  iiseH  of  chlorin  and  bleflching  powder  for  the  treat- 
nent  of  drinkiu^  wuter,  nee  CUapttr  on  "Water." 
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Hypochlorous  acid  may  also  decompose  with  the  liberation  of 
oxygen  as  shown  in  the  following  equation : 

2HC10  =  2HC1  +  0,  ^fl 

It  is  conceivable  that  some  of  the  disinfecting  value  of  chloride  of 
lime  and  liypoehloritea  in  general  is  really  due  to  the  vigorous 
oxidizing  aetion  resulting  from  this  decomposition.  On  the  other 
hand,  there  is  much  o-idence  to  show  that  chlorine  may  attack  the 
protein  molecule  directly  by  replacing  "H"  in  the  amino  groups, 
thus: 

— B  — GO— NH— B—    +CI  =  B— CO  — NCI— B—    +H 

The  chloramines  thus  formed  seem  to  be  toxic  and  result  in  the 
death  of  the  bacteria.  HIeaehing  powder  is  readily  solubli'  in  about 
twenty  parte  of  water.  Its  bacterieidal  action  depends  on  the 
hypoehlorous  acid  formed.  After  water  precipitation,  an  efifieieut 
dosage  is  10  pounds  to  the  million  gallons.  The  high  germicidal 
action  of  chloride  of  lime,  together  with  its  relatively  low  cost* 
suggest  its  use  as  a  woimd  dressing.  Solutions  of  calcium  or  sodium 
hypochlorite  were  found  to  be  too  irritating  to  be  practicable,  owing 
to  the  alkalinity  of  any  available  preparations.  Recently,  however, 
it  has  been  possible  to  prepare  neutral,  and  comparatively  non- 
irritating  solutions  of  sodium  hypochlorite  by  several  different 
methods. 

Dakintt  Solutioti. — The  following  detailed  descriptions  of  the  prepara- 
tion of  Dnkin's  solution  and  its  titn^tion  nre  taken  from  the  Medical  War 
Manual,  Number  6,  Laboratory  Methods  of  the  L'nit^xl  States  Army,  published 
f^m  the  Surgeon  Genernl's  Otiire,  and  are  i^ivcn  directly  as  jtrinteti  iit  this 
Manual,  because  the  method  woe  standnrdieed  for  Army  use  iu  this  way 
during  the  war.  The  deacriptioQ  which  follows  is  taJ^en  verbatim  I'rotu 
this  Mnuual. 

Preparation  from  Bleachinff  Powder.— Dakin's  Original  Method. — A 
strong  solution  of  hypochlorite  is  j»re]>ared  by  decomposing  loO  i^jrums 
blenching  powder  (about  25  to  35  per  cent  available  rhlorine)  with  105 
^rrams  dry  sodium  carbonate  (122  jrrams  rnonohydrate  (KaJ'O^II  ,Oj  or  284 
grams  washing  soda  (NajCO^lOIIjO).  The  mixture  is  ver>'  thoroughly 
sluiken,  both  to  make  (food  contact  and  (o  render  the  precipitated  calcium 
i-arbormti"  irranular  and  promote  its  settling.  It  is  then  allowed  to  Mnnd 
quietly  and  after  half  an  hour  the  clear  liquid  is  siphoned  off  from  the 
precipitate  and  ftlterpd  througii  paper  or  a  cotton  plup. 
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A  10  (vc.  ]>ortion  in  rapidly  titmt:.d  with— boric  acid  Bolution  (31  grams 

per  litoi),  u^iu^  puwdi'iod  plionolt>lithaletD  as  indicator  (the  iiBUal  alcoholic 
Bolution  of  phenolphthalein  will  nol  servi-}  in  order  U*  dvterniim.'  the  amuuiit 
of  boric  Acid  to  be  added  to  the  rest  of  the  filtrate.     The  end-poiot  ib  the 

disappearance  of  the  pink  color.     Each  cubic  centimet«r  of  —  boric  acid 

required  for  the  10  CO.  sample  calls  for  the  addition  of  3  ^ams  boric  acid 
]>er  liter  of  tiltrato.  An  excess  of  boric  acid  should  bo  avoided,  as  it  favors 
the  liberntion  of  hyitorlilorous  arid  and  rendors  the  solution  le&ii  liable.  It 
is  best  to  add  slightly  Iosr  than  tite  cHloulated  ainonnt.  The  concentraled 
solution  thus  j>rppared  contains  almut  4  per  eont  of  sodium  hypochlorite, 
and  before  use  should  be  diluted  with  about  7  parts  of  water  and  titrated 

with  ^-  tliiosulpbate  to  determine  its  precise  hypochlorite  concentration.     It 

is  tlien  accurately  dilut-ed  to  the  required  strength  (usually  0.5  to  0.45  per 
oeut). 

preparation  from  Chlorine  imd  Sodium  Carbonate, — Chlorine  may  be  ob- 
tained as  the  compressed  ^as  in  steel  cylinders  and  is  easily  measured  by 
a  chlorine  meter  manufactured  for  the  purpose.  This  is  a  stablr,  economical 
and  I'onvenient  source  of  chlorine,  A  sohition  is  prepared  containing  15 
grama  of  dry  sodium  carbonate  per  liter  (=17.6  grams  monoUydrate  or 
40  gmms  of  washing  swln).  A  measured  quantity,  4.8  grams  (or  about 
1600  0.0.)  of  chlorine  gas  is  allowed  to  run  into  the  solution  for  each  liter. 
Ten  c.c.  of  the  solution  is  then  titrated.  If  the  solution  is  too  weak  mure 
cUorinc  is  introduced.  If  the  solution  is  too  strong  it  should  be  diluted 
to  a  concentration  of  0.5  per  cent  KaOCl  with  1..5  per  cent  sodium  carbonate 
aolutiuu.  which  at  the  same  time  serves  to  correct  the  unduly  diminished 
alkalinity  cau!»ed  by  the  ('Xt.-e.ss  of  chlorin  introduced  into  the  solution.  If 
the  final  solution  fails  to  give  a  momentary  Hash  of  color  with  alcoholic 
solution  of  phenolphthalein,  it  should  be  rejected.  If  the  solution  shows 
color  with  powdered  phenolphthalein,  it  must  be  titrated  with  boiic  acid  as 
described  above,  for  preparation  from  bleacliing  powder,  until  this  defect 
is  corrected,  or  it  must  be  discarded.  The  solution  should  be  titrated  for 
hypochlorite  concentration  every  twenty-four  to  forty-eight  hours  and  dis- 
carded when  it  falls  below  the  desired  lower  limit  (usually  0.45  per  cent). 

If  a  chlorin  meter  is  not  available,  chlorin  gas  may  be  run  into  the 
1.5  per  cent  carbonate  solution  through  any  impra^'ised  diffu.<;or  until  the 
bypQoiilorite  concentration  has  reached  0.5  per  cent.  The  anunmt  of  chlorin 
required  to  give  a  hypochlorite  concentration  of  0.5  per  cent  is  approximately 
twice  the  amount  required  to  cause  decolorization  of  powderod  phenol- 
phthalein. It  is  therefore  convenient  to  add  powdered  phenolphthalein  and 
note  the  amount  of  chlorin  reouired  to   cause  itfi   decoJurization.     When 
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«^  cMoHn  Ims  been  uitruducet]^  £requent  titrations 
^  ^^iwf^t^   iiiifllkiBi  Mail  be  commenced  to  determine  the  proper 
ih  ^0h^  ^m  la$tf$4oetMm.  of  ilie  cblorin. 

/if  t^0t^00  $0§mtUm^—'To  10  c.e.  of  the  Dakin  solution,  add 

A.^  ^  s  30  fm  eent  Aolation  of  potassium  iodid  and  3  c.o. 

^  S*^^  «MifV  «a4L    Mbv  m  Sberated  and  dissolves  iu  the  excess  of  iodid 


1 


t^tk^  W0%  mmtr  to  ftlMMit  50 


c.e. 


N 


A  standard   —  thiusulphate 

10 

^  'Tm^  «iito4  f«iMi  a  lMtfiaCt«  until  the  aolntion  is  jnst  rendered 

]Q|»  iMMAMr  «i  «M(  ««DtiiDeteiB  retiuirod  to  efftict  this  result 

dv  M  Awfnr  MCn  ipttm  the  percentage  of  sodium  hypochlorite 

4»  OK*  (Amittt  mt*Amitk 


*wj      ^n^WW^riv 


3* 
10 


TkioBulphate   Solution. — Dissolve    exactly 


MM  09tm  *4  ^mf9  «r|Hlid5M   iwdsam   thiosulphate   ill   water   and   make 
•1^  idr  AMVf  I  MH9/     Oft*  «A.  ipf  lhi»  standard  solution  is  equivalent  to 

f0$00hm  a/  ^ti|M>»wf  /^'♦•^•r,— .Blewbing  powders  vary  considerably  in 
lii^  '#*)i«Mli»  ^Ma«W  90mmA^  m  that  it  is  desirable  lo  determine  the 
4lf«M«M«  ^vMhdvtMi  m  MMft  kirjB>  hal^.  Hleeching  powders  with  less  than 
tt  fftf  0mH$  vnHlMi  tfMarIa  slNmM  b#*  n*jected.  Exceptional  samples  may 
00Mm  m  iii^  «§  tt  pvr  amM  B^miMUlp  chlorine. 

«  JV'tfiiM*  iMr^rtH  ftO«Ul»t  may  be  determined  as  follows:  exactly 
int  ffflMV  <l^  MwM«f  fMPv4*r  warls  up  of  smnll  samples  from  diiTerent 
|i9#to  0tt  Urn  ia$t  M  «Viiir  to  «Atafai  «  rapreaenlative  sample,  are  well  shaken 
IpM  •  Him  pi  flWtov.  Altor  flten^nc  ftbont  six  hours  the  solution  is  filtered 
0l4  0  l#  «^.  •mmpim  f/f  tli*  fllfmie  U  titrated  in  exactly  the  same  manner 
tf  to  flU  Hifi^m  ut  DakinV  nolntioa.  In  this  case  the  number  of  cubio' 
«»'  of  totoormal  ibiomJphttto  rrquired  to  decolorize,  multiplied  by 

|>*f  '    %Mf  givw   iht   peroMlUtfi   of   active   chlorin   in   the   bleaching 

pitfinlfrr. 

Tie*  ehlorin  antnieptics  in  iKeneml,  and  particularly  the  hypo- 
chlorite type,  have  the  diMadvantafrc  of  exerting  their  disinfectant 
»AtUrn  over  811  cxcccdintfly  shoi't  space  of  time.  The  reaction  be- 
Iwr^n  <h<^  hyjiochloHtc  solution  and  the  proteins  of  the  bacterial  body 
or  of  the  Morum  and  pU8  in  the  wound,  Ih  almoHt  instantaneous,  and 
having  taken  place,  no  further  toxic  action  is  shoAvn.  It  is,  there- 
ioT%  necesaary  in  treating  wounds  with  these  solutions  to  repeat 
tbo  application  at  frequent  intervals,  or  else  to  apply  through  some 
aort  of  a  continuous  feed  apparatus  so  that  a  fresh  supply  of  the 
nntlnepllc  is  brought  in  contact  with  the  wound  at  short  intervals. 

In  order  to  overcome  this  disadvantage  to  some  extent,  Dakin 
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prepared  a  number  of  different  orgauic  clilorin  compounds  which 
were  soluble  in  oil,  and  whioli  yielded  up  the  chloritt  rather  slowly 
to  the  wound  secretions,  so  that  tlie  action  continued  over  a  com- 
parativrly  lonpr  time.  Chlaramine  T  (1)  and  Dichloramine  T  are 
the  two  most  practicable  compounds;  these  substances  liave  the  fol- 
lowing formulae: 


CI 

h 

CHa 

1 

SOaNaNCl                                 SO2NCI2 
Chloramine-T                         Dichloramine-T 

They  contain  chlorin  replacing  hydrogen  in  an  amino  group,  and 
this  chlorin  is  liberated  slowly,  in  contact  with  protein  material. 
They  are  tised  in  solution  in  oil,  either  chlorinated  paraffin  oil  or  oil 
of  eucalyptol,  and  are  applied  as  a  spray  or  on  gauze. 

Eusol. — The  simple  neutralization  of  calciiun  hypochlorite  with 
boric  acid  renders  it  comparatively  non-irritating,  and  under  the 
name  of  eusol  (2)  tliis  solution  has  been  widely  used. 

For  original  articles  on  the  use  of  Dakin's  Solution,  see  below:  '^ 

TERCinx>Rn)E  op  Iodin  (Id,)  is  an  extremely  strong  disinfectant, 
being^  efficient  for  vegetative  forms  in  solutions  of  0.1  per  cent  in 
one  minute  and  a  1  per  cent  solution  destroying  spores  within  a  few 
minutes.^' 

Painting  with  Tincture  op  Iodin  (10  per  cent)  is  a  simple  and 
reliable  method  of  slcrilizing  the  skin.  It  is  now  used  in  many 
clinics  in  sterilizing  the  field  of  operation. 

Iodoform  (CHI3)"  is  weakly  antiseptic  in  itself,  but  M-hcn  in- 
troduced into  wounds  where  active  reducing  processes  are  taking 
place — often  as  the  result  of  bacterial  growth — iodine  is  liberated 
from  it  and  active  bactericidal  action  results. 

Peroxide  op  Hydrogen  is  formed  by  the  action  of  dilute  sulphuric 


''Vakin,  Brit.  Mod.  Jour.,  August  2Sth,  1D15.  Carrel,  Dakin,  DaufreJttm, 
Dehelly  and  Dumat,  Presse  M6dJcalef  October  llth,  1015.  Dakin  bdcI  Dud- 
ham,  "Handbook  of  Antiseptics,"  New  York,  1917.  Lorrain  Smitk,  Dren- 
nan,  Seitie  and  Camphen,  British  Med.  Jour.,  July  £4th,  1915.  See  also  Carrel 
and  Dehelly,  "Infe<:te«]  Wounds,"  Hoeber,  N.  Y.     1919. 

^Behring,  Zeit.  f.  Hjg.,  ix,  1891. 

•v.  Bekrinfff  "Beknempfung  d.  Infektions-Krankh./'  Leipaig,  1894. 
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add  upon  peroxide  of  baniim.  It  readily  pves  up  oxygen  and  acta 
izpon  becteriii  probably  by  virtue  uf  the  iilwrutioii  of  uaBcent  oxygen. 
In  Ihr  presence  of  organic  matter,  such  as  blood,  pU8>  etc.,  associated 
vilii  baeteria,  H,Oj  is  quickly  reduced  and  weakened.  It  is  impor- 
tast  that  the  H^Os  come  in  immediate  contact  with  the  bacteria. 
In  I  '■  therefore,  blood  aiiil  pus  should  be  removed  from  wounds 
wK*  .  i"g  ^lie  H2O,  or  a  large  excess  of  HjOj  should  be  used, 

l*EaMAJC0AKATE  OP  PoTASsnTM.  acting  probably  in  the  same  way, 
m  m  imnrrrful  germicide.  It  also  Is  roadily  reduced  by  many  organic 
wnhttUitictn  often  associated  with  bacteria,  being  rendered  weaker 
thereby. 

Among  organir  disinfectants  those  of  most  practical  importance 
mrt  the  aUroliol»»  fonnaldcliyds,  iodoform,  members  of  the  phenol 
group  and  ita  derivatives,  carbolic  acid,  cresol.  lysol,  ereolin,  sali- 
tybc  acid,  certain  ethereal  oils,  and.  more  recently  introduced, 
orgMtjie  tdlrer  aalta  such  as  protargol,  argyrol,  argouin,  and  others. 

Thb  MlxsotWiM  are  but  indifferent  disinfectants.  Koch*"  in  1881 
foond  that  anthrax  spores  remained  alive  for  as  long  us  four  months 
when  inunenM^U  in  alitiolute  aiul  in  50  per  cent  ethyl  alcoiiol.  On  the 
other  hand,  while  abaolute  alcohol  possesses  practically  no  germicidal 
powrra,  poawWy  In^ans**  of  the  formation  of  a  protecting  envelope 
by  the  roagulatiun  of  the  bacterial  ectoplasm,  or,  as  suggested  above, 
bj  dc<ii<*eatioTi  due  to  the  altsLraetion  of  water,  dilute  alcohol  in  a 
cocv^eiilration  of  Bl>out  50  per  cent  is  distinctly  germicidal,  destroy- 
ing tlic  v^-getative  forms  of  baeteriu  in  from  tvn  to  tiftocn  minutes 
or  lena."  Attention  htxti  already  been  called  to  the  fact  that  moderate 
additiooa  of  alcohol  l«»  af|ueoiu  solutions  of  mercuric  chloride  en- 
hance the  germicidal  power  of  this  disinfectant.  Additions  of  ethyl 
and  methyl  alcohol  to  carlwlic  arid  or  formaldehyde  solutions,  on 
the  other  hand.  progrewdveJy  decrease  the  bactericidal  activities  of 
these  imbHlancai.** 

The  value  of  Iwiling  alcohol  for  the  deatructiou  of  spores—^ 
effpccially  in  the  Kterilization  of  catgut — has  been  investigated  by 
Saul,*'  who  found  that  InMling  in  absolute  ethyl,  methyl,  or  propyl 
alcohol   is  prnctimlly  wilhotit   cJTeci,   while   spores  are  destroyed 


I 


I 


Koch,  Art),  a.  d.  ksu¥.  Ownuilhnitvuiit,  i,  1881. 
EpttHn,  Zeit.  f.  lJr|f.,  xiiv,  1897. 
Kritniff  iitid  Vaul,  \nf.  eil. 
'Saul,  Arvhir  f.  Uin.  Chir.,  50,  1898. 
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readily  in  boiling?  dilute  alrohol,  the  moHt  effectual  Leiiig  propyl 
alcohol  ot*  a  eoiieoiilration  of  from  10-40  p^T  inMit. 
li  Carbouc  acid  (CrtHjOH),  M  room  temperature,  consists  of  color* 
less  crystals  whirh  luu'Otne  eoiopletfly  liqiu^ficd  by  tbi»  addition  of 
10  per  cent  of  wator.  In  contradistiuetion  to  most  inor^atuu  difl- 
iniectantji,  the  action  of  carbolic  acid  and  other  in<'nib*»rs  of  the 
phenol  group  is  not  in  any  way  dependent  upon  dissiwiation.** 
According  to  Heckmann"  and  others,  carbolic  acid  acts  as  a  mole- 
cule and  not  by  in<lividiial  ions.  The  proof  of  this  is  brought  out 
by  the  fact  that  the  addition  of  NaCl  to  carbolic  acid  solutions, 
an  addition  which  would  tend  to  decrease  the  concentration  of  free 
ions,  markedly  increases  the  bactericidal  powers  of  sueb  Holutions. 
On  the  other  hand,  as  stated  above,  additions  of  alcohol  progrea- 
sivcly  dimiiiisli  tlic  cflBciency  of  the  phenols. 

Other  membei-s  of  this  group  of  disinfectants  are  ortho-,  ueta-, 
and  PARACRESOL  (CpH^CHaiJIi),  isomeric  compounds  differing  only 
in  the  position  of  the  OH  radieh-.  Trieresol  ih  a  mixture  of  these 
three.  The  eresols  are  relatively  more  powerfully  germicidal  than 
carbolic  acid,  but  are  less  soluble  in  water.  Lysol  is  a  substance 
obtained  by  the  solution  of  eoal-tar  eresol  in  neutral  potassiuni-soap. 
Dissolved  in  water  it  forms  an  opalescent  easily  tlowin^  liquid. 
According  to  (rruber/"  its  germicidal  action  is  slightly  greater  than 
that  of  carbolic  aeid.  Ckeolin,  another  eomhination  of  the  eresols 
with  potassie  soap,  forms  with  water  a  turbid  emulsion,  v.  Behring*' 
expre88e<i  the  relative  germicidal  powera  of  carbolic  acid,  creaol, 
and  creoiin  for  vegetative  forms  by  the  numbers  1  :  4  :  10,  in  the 
order  named. 

FoRMALDEHYD  (H-COH),  Or  methyl  aldehyde,  is  a  gas  which  la 
easily  produced  by  the  incomplete  combustion  of  methyl  alcohol, 
The  methods  of  actually  generating  it  for  purposes  of  fumigation 
will  be  discussed  in  a  subsequent  paragraph.  In  aqueous  solution 
this  substance  forms  a  colorless  liquid  with  a  characteristic  acrid 
odor,  and  in  this  form  is  largely  used  as  a  preservative  for  animal 
tissues  and  as  a  germicide.  It  is  marketed  as  "formalin/*  which 
IB  an  aqueous  solution  containing  from  35  to  40  per  cent  of  the 


**  Seheuerlen  un<1  Spiro,  Mnnrh.  med.  Woch.,  44>  1897. 
•BecJtmanw,  Cent.  f.  Bakt.,  I,  xx,  1896. 
'^Gmber,  Cwit.  t.  B*kt,  1.,  li,  1892. 
"  r.  Behring,  lor.  rit..  p.  111. 
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gas  and  which  exerts  distinctly  baetoricidal  action  on  vegetative 
forms  in  further  dilutions  of  of  from  1  lo  10  to  1  to  20  (formaldehyd 
gas  1  :  400  to  1  :  800).  Anthrax  spores  are  killed  in  35  per  cent 
formaldehyde  in  ten  to  tliirty  minutes."  Unlike  the  phenols,  the 
addition  of  salt  to  formaldehyd  solutions  does  not  increase  ita 
efficiency,  but  similar  to  them,  additions  of  ethyl  and  methyl  alcohol 
markedly  reduce  its  j<ermieidal  powers. 

Thk  Essential  on-s  which  are  most  commonly  used  in  practice^ 
largely  as  intestinal  antiseptics— are  thos(^  of  cinnamon^  thym^ 
eucalyptus,  and  peppermint.  Omeltschenko*"  believes  that  the  em- 
ployment of  these  oils  in  emulsions  is  illogrical,  inasmuch  as  their 
bactericidal  powei's  depend  upon  their  va]K>rization.  He  elassiiies  the 
oils  in  decreasing  order  of  their  efficiency  as  follows:  Oil  of  cinna- 
mon, prunol,  oil  of  thyme,  oil  of  peppermint,  oil  of  camphor,  and  I 
';eucalyptol. 

The  Flavine  Dyes. — A  number  of  dye  stuffs  have  been  shown  to 
ixert  disinfectant  action  when  applied  to  bacteria.     The  members 

the  acridine  group  are  particularly  active  in  this  respect,  and 

have  been  used  to  some  extent  practically.    Henda""*  first  investigated 

one  of  these  dyes,  now  known  under  Ihc  name  of  flavine  or  aeri- 

-ilavine,   in  connection   with  trypanosomc   infections,   and  recently 

Browiiing^^  applied  this  substance  to  the  antiseptic  treatment  of 

,:war  injuries. 


HaN 


NHa 


CHa  CI 

Acriflavine. 

[e  believed  that  this  dye,  while  being  highly  toxic  to  bacteria,  was 
*elatkvely  harmless  and  aou-irritatiug  in  ita  effect  ou  the  tissue  cells. 


"  Kronip  und  Paul,  loc.  cit. 
<•  Omeltackenko,  Cent.  f.  Bakt.,  I,  ix,  1891. 
"Bcnda,  Bar.  Deiitwh.  Chom.  Oesell,  46,  1787.  1J»12. 

**  Browninff,  Guthnaiutrn,  Kentuiway  and  Thornton,  Brit.  Med.  Jour.,  Jan.  20th, 
1917. 
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Practical  experience  seems  to  have  shown,  however,  that  the  healing 
o£  wounds  that  have  been  treated  witli  acri£avine  may  be  to  a  certain 
extent  delayed  by  the  action  of  the  dye,  which  is,  therefore,  not 
entirely  without  effect  on  tissue  cella.  Profiavine,  a  closely  related 
dye,  is  similar  in  its  effecta  and  less  expensive  in  preparation. 

Triphenyfmf thane  Dyra. — Many  of  the  dyes  of  this  series,  notably 
gentian  violet,  malachite  green  and  brilliant  green,  have  long  been 
known  to  be  highly  toxic  for  bacteria, 

CfcCoH4=rN(CH3)2-a 
\CoH4N(CH3)2 
Malachite  green. 

They  are  of  especial  interest  since  their  toxic  action  seems  to  be 
directed  almost  entirely  against  Gram-positive  bacteria,  and  some- 
times a  dilution  oni*  thousand  times  or  more  as  strong  as  is  necessary 
to  inhibit  the  growth  of  streptococci  and  staphylococci,  will  be 
needed  for  prevention  of  growth  of  the  Colon  bacillus.  Since  most 
of  the  common  pyogenic  organisms  are  (,5 ram-positive,  the  use  of 
these  substances  in  wound  dressings  suggi*sts  itself.  Practically, 
it  has  been  found,  partieulnrly  with  l)riUiHnt  green,  that,  while  it 
acts  as  a  very  efficient  antiseptic  in  wounds,  here  also  the  dye  is 
not  without  effect  on  the  tissue  cells,  and  tlie  granulations  that  are 
formed  in  its  presence  an?  not  of  the  norma!  type,  roncenlrated 
solutions  of  crystal  violet  and  brilliant  gi'cen  have  been  used  for 
sterilizing  the  shin  before  operation,  and  are  claimed  to  be  more 
efficient  for  this  purpose  than  tincture  of  iodin." 

Methods  of  Testing  the  Efficiency  of  Disinfectants. — The  effi- 
ciency of  any  given  disinfectant  depends,  us  we  have  seen,  upon  a 
number  of  factors,  any  one  of  which,  if  variable,  may  lead  to  con- 
siderable differences  in  the  end  result.  Thus,  as  far  as  the  bacteria 
themselves  are  concerned,  it  is  necessai-y  to  remember  that  not  only 
do  separate  species  differ  in  their  resistance  to  disinfectanta,  but 
that  different  strains  within  the  same  species  may  show  such  varia- 
tions as  well.  This  fact  largely  accounts  for  the  widely  varying 
reports  made  by  different  investigators  as  to  the  resistance  of 
anthrax  spores,  and  depends  possibly  upon  temporary  or  permanent 
biological  differences  produced  in  bacteria  by  the  conditions  of  their 
previous  environment. 


Bonntey  and  Browning,  Brit.  Med.  Jour.,  May  18th,  1918. 
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The  numbers  of  bacteria  exposed  to  the  disinfectant,  further- 
more, is  a  factor  which  should  be  kept  constant  in  comparative 
tests.  The  medium,  moreover,  in  which  bacteria  are  brought  into 
contact  with  the  disinfectant  is  a  matter  of  great  importance,  inas- 
much as  either  by  entering  into  chemical  combination  with  the  dis- 
infectant it  may  detract  frojn  its  concentration  or  by  coagulation 
it  may  form  a  purely  mechanical  protection  for  the  microorganism. 
Thus  bacteria  which  may  be  destroyed  in  distilled  water  or  salt- 
solution  emulsion  with  comparative  ease,  may  evince  an  apparently 
higher  resistance  if  acted  upon  in  the  presence  of  blood  serum, 
mucus,  or  otlicr  albuminous  substances.  Temperature  influences 
bactericidal  processes  in  that  most  chemical  disinfectants  are  more 
actively  bactericidal  at  higher  than  at  lower  temperatures,  a  fact 
due  most  likely  to  the  favorable  influence  of  temperature  upon  all 
chemical  reactions.^*  As  far  as  merely  inhibitory  or  antiseptic 
values  are  concerned,  however,  the  temperature  least  favorable  for 
the  reaction  of  the  antiseptic  is  that  which  represents  the  optimum 
growth  temperature  for  tlie  microorganism  in  question  and  the  in- 
hibitory effects  of  any  substance  arc  less  marked  at  this  point  than 
at  temperatures  above  or  below  it. 

The  important  influence  exerted  by  the  solvent  in  which  the 
disinfectant  is  employt^d  has  already  been  diseussed.  For  ordinary 
work  it  is  customary  to  express  absolute  and  comparative  antiseptic 
and  bactericidal  values  in  terms  of  percentages  based  upon  weight, 
and  this,  beyond  question,  is  both  simple  and  practical.  For  strictly 
scientific  comparisons,  however,  as  Kronig  and  Paul*"'*  have  pointed 
out,  it  is  by  far  more  accurate  to  work  with  equimolecular  solutions. 

Rideal  and  Walker'*  have  devised  a  method  of  testing  disin- 
fectants, in  which  an  attempt  is  made  to  establish  a  standard  for 
comparisons.  They  choose,  as  the  standard,  carbolic  acid,  and  es- 
tablish what  they  call  the  *' carbolic-acid  coefficient."  This  coeffi- 
cient they  obtain  in  the  following  way:  the  particular  dilution  of 
the  disinfectant  under  investigation  which  will  kill  in  a  given  time, 
is  divided  by  the  strength  of  carbolic  acid  which,  under  the  same 
conditions,  will  kill  the  same  bacteria  in  the  same  time.    Wc  quote 


^v.  Behring,  "Bokaempf.  der  lafektionsKraiikh.,  Infcktion  u.  Deainfeetion," 
Leipzig,  1894. 

'*Kr&nig  und  Pcml,  loc.  cit. 

^Sideai  and  Walker,  Jour,  of  tho  Sanitary  Ins.,  London,  xxlv. 
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an  example  of  such  a  test,  given  by  Simpson  and  Hewlett, '^^  com 
panng  formalin  and  carbolie  acicL 


BACILLUS  PESTIS 


Dilution. 

TiMB  IX    MiNrTEA. 

Sample. 

4.4'" 

■      T 

■'^i.i ' 

'  w 

la  5 

15 

ii 

FormaUn. ... 
Carbolic  acid 

liu    30 
lin    40 
1  in  100 
1  in  110 

growth 
growth 

growth 

growti) 
growth 

growth 

growth 

the  above  table,  fen-maiin  1  in  ^0  killed  in  the  same  time  as 
carbolic  arid  1  in  110.  Th\ia  the  carbolie-acid  coefficient  of  formalin 
in  this  test  ^  **/„o  =^  .27. 

The  Uideal-Walker  method  has  been  much  used  and  is  recom'- 
mended  by  many  workers."' 

Thf  most  precise  method  of  standardizing  disinfectants  is  that 
now  in  use  in  the  U.  S.  Public  Health  Service.  It  is  a  modificntion 
of  the  Rideal-Walker  procedure  devised  by  Anderson  and  Mc- 
Clintic.'*'* 

Stook  5  per  cent  solutions  of  the  disinfectant  in  question  and  of 
the  standard  (phenol)  are  first  prepared  and  a  series  of  accurate 
dilutions  made  with  distilled  watrr  using  graduated  pipettes.  (To 
make  1:70  take  4  c.c.  of  stock  and  10  c.c.  distilled  wati-r;  1:80  =  4 
c.c.  of  slock  -f  12  c.c.  distilled  water;  1 :90  =  4  c.e.  stock  -f  14  c.c. 
distilled  water;  1  ;500  =  2  e.c.  of  stock  -\-  48  c.e.  of  distilled  water. 
Complete  dilution  tables  are  given  in  their  original  article.)  The 
series  should  include  dilutions  .strong  enough  to  kill  U,  typhosus 
iu  two  and  a  half  minutes  and  weak  enough  to  fail  to  do  so  in 
fifteen  minutes.  If  dilutions  greater  than  1-500  are  required,  a 
second  1  per  cent  stock  solution  is  prepared.     They  adopted  the 

L following  scale  for  their  tests:  Dilutions  up  to  1:70  should  vary 
from  the  next  in  the  series  by  a  difference  of  5  (i.e.,  5  parts  of 
water),  and  so  on  if  higher  solutions  are  necessary. 


^  SiffKp»oi\  and  Kt%\leti,  lianeet,  ji,  1904. 

"  .Vc»mnieTVt«tf,  Brit.  Med.  Jour.,  19(^. 

^  A^xdcraon  nud  UcClmiic,  Jour,  of  Inf,  Uis.,  1911,  viii,  1, 


Prom  1:70 

to  1:160 

Prom  1:160 

to  1:200 

Prom  1:200 

to  1:400 

From  1:400 

to  1:000 

From  1:900 

to  1:1804 
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bx  a  differenee  of  10 
by  a  difference  of  20 
hj  a  difference  of  25 
by  a  difference  of  60 
;1800  by  a  difference  of  100 
From  1:1800  to  1:3200  by  a  difference  of  200 

Short  wide  test  tubes  1  inch  by  3  inches  are  used  in  making  the 
test.  These  are  placed  in  a  rack  in  a  water  bath  at  20*"  C.  Five 
c.c.  of  each  dilution  are  measured  into  a  series  of  these  tubes  begin- 
ning with  the  strongest  specimen  and  rinsing  the  pipette  once  with 
each  dilution  before  the  5  c.c,  are  measured  out-  For  inoculation, 
a  24-hour  broth  culture  of  B.  typhosus  is  prepared  which  has  been 
transferred  daily  for  at  least  3  days.  Before  use  it  is  shaken  and 
filtered  through  sterile  filter  paper.  The  wide  test  tubes  containing 
diluted  disinfectant  are  inoculated  with  ^/^o  c.c.  of  this  culture 
with  a  graduated  pipette.  The  tip  of  the  pipette  is  held  against 
the  side  of  the  tube  to  insure  accurate  measurement  and  the  tube 
immediately  shaken  to  mix  the  bacteria  thoroughly  with  the  dis- 
infectant. Test  inoculations  arc  made  from  this  mixture  at  proper 
intervals  into  tubes  containing  10  c.c.  of  standard  extract  broth 
of  -^1.5  acidity,  using  loops  4  mm.  in  diameter.  At  least  four 
such  loops  should  be  at  hand,  supported  on  a  rack  or  wooden  block 
ao  that  a  fan-tail  Bunsen  burner  may  be  placed  under  each  wire 
in  turn.  Each  one  is  sterilized  after  a  plant  is  made  and  allowed 
to  cool  while  the  other  three  are  being  used  in  order. 

The  test  is  conducted  as  follows:  A  row  of  ten  wide  tubes  con- 
taining dilutions  of  the  antiseptic  is  placed  in  the  water  bath  at 
20''  C.  and  time  allowed  for  them  to  reach  the  temperature  of  the 
bath.  They  are  then  inoculated  in  order  at  intervals  of  exactly 
15  seconds.  Fifteen  seconds  after  the  last  tube  has  been  inoculated 
a  subculture  is  made  from  the  first  tube  of  the  series  {i.e.,  2^ 
minutes  after  this  first  tube  waa  inoculated)  and  from  the  other 
tubes  in  order  at  15-aecond  intervals.  Fifteen  seconds  after  this 
first  series  of  subcultures  is  completed,  a  second  series  of  subcultures 
is  begun  which  will  give  the  result  of  a  S-minute  exposure  to  the 
antiseptic  and  the  salnnocnlations  continued  at  15-aeeond  intervals 
until  all  dilutions  have  been  tested  for  fifteen  minutes.  If  the 
strength  of  the  antiseptic  is  known  approximately.  subcultnr^?s  of 
the  lower  dilutions  for  the  longer  periods  may  be  omitted.  It  is 
convenient  to  have  an  asmstant  at  hand  to  call  tim«  and  \(k  VaVy&\ 
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the  Bubcnltores  as  soon  as  made.  The  tubes  may,  however,  be  placed 
in  order  in  suitable  racks  without  labeling.  The  subculture  tubes 
are  incubated  for  48  hours  at  37°  C.  and  those  in  which  growth  is 
obserred  are  recorded  positive. 

DETTERMINATION  OF  THE  CARBOLIC-ACID  COEFnCIENT 
OF  A  DISINFECTANT. 

(Anderson  and  Md^iAsnc) 

Nim «A" 

TmMrtatATUBM  or  Medication 20**  C. 

CtTiATnuE  Used  B.  Typhosus 24-hr.,  Extract  Broth,  Filtered 

FBopobtion  of  Culture  and  Disinfectant? 0.1  c.c.+5  c.c. 

Oboakic  Matter,  None;    Kind,  None;    Amount,  None, 

BuBCULTTnu  Media Standard  Extract  Broth 

Bbacvion +1.6 

QcANTiTr  IN  Each  Tube 10  c.c. 


Time  Culturt  Expoprd  to  Actmii 

of  DuHnfecFant  for  Minut». 

Hm^. 

ntiliituin 

t*hNnnl  f.-*M.m^M.^* 

2>i 

6 

7M 

io 

1SH 

i& 

Phenol 

1:80 
1  :90 

+ 

- 

- 

80)376 

1  :  100 

+ 

+ 

4- 

— 

— 

-^ 

4  fi9 

1  f  no 

+ 

+ 

+ 

+ 

+ 

— 

110)ft.V> 

5.91 

infectant"A".. 

1  -.zm 

1;375 

— * 

■~- 

~* 

2)10  eo 

1  :400 

+ 

— 

— 

— 

5.30- 

1  :425 

+ 

+ 

— 

— 

- 

— 

coefficient 

1  :450 

+ 

+ 

— 

— 

— 

— 

1  :500 

+ 

+ 

— 

— 

— 

— 

1  :550 

+ 

H- 

+ 

— 

- 

- 

1:600 

+ 

+ 

H- 

+ 

*- 

— 

1:650 

+ 

+ 

-h 

+ 

+ 

— 

1  :700 

+ 

+ 

+ 

+ 

4- 

4- 

1  :  750 

+ 

+■ 

+ 

+ 

-h 

-h 

htain  the  coefficient  the  weakest  dilution  of  the  unknown 

-  which  kill  in  2%  minutes    is  divided  by  the  weakest 

•  f  phenol  which  kills  in  the  same  time.    The  same  is  done 

■akcst  strength  that  kills  in  15  minutes  and  an  average  is 

•'  results  of  such  a  test  are  shown  in  the  table  on  page  104. 
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As  only  the  2V^-minute  and  15-iuinute  inlorvala  are  used  in 
determinintf  lUiK  result  it  s^^euw  uunocessary  tn  make  plaiiis  ut  the 
intervctiiii((  poriodH  oxcept  iii  special  casen  where  moro  detailed 
information  in  desired. 

The  procedure  may  bo  modified  by  additiK  Romr  or^rnuii*  Kuii- 
stanec  sueh  as  killed  boeteria  to  the  diluted  antiseptie.  For  many 
substanees,  e.g.,  bichloride  of  mercury,  the  antiseptic  value  in 
presenci*  of  organic  matter  is  much  lower  than  in  watery  solution. 
Aiiderson  and  MeClintic  insist  that  ^eat  care  in  making  the  dila- 
tions and  rigid  adherenee  to  a  uniform  technique  are  necessary  tc 
obtain  consistent  results  in  sueh  tests. 

Determination  ok  Antiseptic  Vaujes. — Thti  antisuptie  or  in- 
hibilive  strength  of  a  chiinicul  substance.  MimelinifH  spoken  of  as 
the  "coefficient  of  inhibition/'  i«  delennincd  by  adding  to  definite 
quantiticH  of  a  given  culture  medium,  graded  percentages  of  the 
chemical  subHtancc  which  in  being  investigated,  and  planting  iu  these 
mixtures  equal  quantities  of  the  bacteria  in  question.  Tlie  medium 
used  for  the  tests  may  be  nutrient  broth  or  melted  gelatin  or  agar. 
If  broth  is  usedj  growth  is  cutinuited  by  turbidity  of  the  mediuni 
and  by  morphological  examination;  if  the  agar  or  gelatin  is  em- 
ployed, plates  nmy  be  poured  aufl  actual  growth  observed 

Thus,  in  the  case  of  carbolic  acid,  a  5  or  10  per  cent  solution  is 
prepared  and  added  to  tubea  of  the  medium,  as  follows: 


Tubo.  1  coutaina  o%  carbolic 
K     2        '*         5  •* 

"     4        '*         5  ** 


2  CO.  -f-  broth  8  cc. 
1  cc.  -|-  brotb  9  ex. 
JS  c.a.  -\-  broth  9.5  cc, 
7  c.«.  -I-  broth  0.8  cc. 
.1  cc.  -\-  broth  ».»  r.c. 


1:1,000  carbolic  acid. 
1:200           *•  •* 

1:400  "  *' 

1:1.000        **  •• 
I:l^O0        ••  •• 


To  each  of  these  tubes  a  definite  quantity  of  the  bacteria  is  added 
either  by  means  of  a  standard  loopful  of  a  fresh  agar  culture,  or 
better  by  a  measured  volinne  of  an  even  emulsion  in  sterile  salt 
solution.  The  inoculated  tubc'S  are  then  incubated  at  a  temperature 
corresponding  to  the  optimum  growth  temperature  for  the  micro- 
organism  in  question.  The  tubes  are  exaniined  for  growth  from 
day  til  day.  From  tubes  containing  higher  dilutions,  in  which  no 
growth  is  visible,  transplants  are  made  to  determine  the  presence 
of  living  Imeteiia  ami  to  distinguish  between  inhibition  or  antiseptds 
and  bacterial  death  or  disinfection. 
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iNHmrnoN  strenoths  of  various  antiseptics. 

ADiAmD  FBOM  FlOoqb,  I^xpsio,  1902.     • 


AathrnxBadlU. 


Otter  BMtaria. 


teria  in  Bouflfen. 


ACQM 

Su^huric 

Hydrochloric. 


1:3,000 
1:3,000 


Sulphurous. 
AnienouB . . 
Boric 


Choi.  q)ir.  1  :  6,000 
B.  diph.  1  :  3,000 
B.  mallei  1  :  700 
B.  typh.  1 :  500 
Choi.  q>ir.  1 :  1,000 


AUCALUS 

FotUB.  hydroxid 


Ammon.  hydroxid. 
Caknim  hydroxid. 


1  :800 


1  :700 


1:700 


Copper  sulphate. 
FVnsc  sulphate. . 
Mercuric  chlorid. 
SQver  nitrate. . . 


B.  diphth.  1  :  600 
Qiol.  spir.  1  :  400 
B.  typh.  1  :  400 
Choi.  spir.  1 :  €00 
B.  typh.  1  :  600 
Choi.  spir.  1  :  1,100 
B.typh.  1  :  1,100 


IVytaas.  penoan 


HALOOKira  AND  COMPOUNDS 

CSsknin 

Bromin 

lodin 

BotasB.  iodid 


1  :  100,000 
1  :  60,000 

1  :  1,000 

1  :  1,500 
1  :  1,500 
1  :  5,000 


B.  typhosus  1  :  60,000 

Qiol.  spir. 

B.  typhosus  1  :  50,000 


Oboanig  Compounds 

Etl^l  alcohol 

Aoeiie  and  oxalic  acids 
Cwrfoolic  acid 


Bviaoic  acid 

Salieylic  acid 

Formalin    (4%    formalde- 
byd) 


1  :12 

1  :800 

1  : 1,000 
1:1,500 


Camphor 

Thymol 

Oil  mentha  pip 

Oil  of  terebinth 

Peroxide  of  hydrogen . 


B.  diph.  1  :  500 
B.  typh.  1  :  400 
Choi.  spir.  1  :  600 


Choi.  spir.  1  :  20,000 
Staphylo.  1  :  5,000 


1  :  1,000 
1  :  10,000 
1  :  3,000 
1  :  8,000 


1:0^000 

1:200 

1:100 


1:  1,000 
1  :90 
1:20,000 


1:500 


1:4,000 
1:2,000 
1:5,000 
1:7 


1:10 
1  :400 


1  :  1,000 
1:  3,500 
1  :2,t)00 
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BACTERICIDAL  STRENGTHS  OF  COMMON   DISINFECTANTS. 
Adapted  moM  FlOooe,  Lctpzig,  J9(W 


Acids 

Sulphtirip. . . . 
HyJro  chloric, 
.Sulphurous.  . 


tiiulphurouB . 
Boric 


Alkalies 
PoUn.  hydroxid.  . 
Ammon.  hydroxid. 
Calcium  hydroxid. 

Salts 

Copper  sulphate  . 

Mercuric  cblor ... 


Silver  nitrate...  .    , 
Potass.  pennaiiK- 

Chlorinalpd  lime 

UxLCKllCNfl    AND    COM- 
POFNCS 

Chlorfai 

Trichlorid  of  iodin .... 

OroANIC  COMPOUNDe 

Ethyl  alcohol 

Acetic  and  oxalic  acida 


Carbolic  add . 


Lyaol 

Cfftolin 

Salicylic  acid 

Formalin  (40%  formal- 
dehyde)   

Peroxide  of  hydrogen. 


Streplo-  and 
Bupbylo- 
cocri. 


5  Minulc«. 


1  :  10 
1  :10 


1:5 


I  :  10.000  to 

1,000 
1  :  1,000 
1  ;200 


1  percent 
1  :200 


70%-15  mins 


1  :60 

1  :300 


1:1,000 

1  :  10 
Cone. 


Antbrmx  and  Tyrhoid  BaclUi. 
Cbolera  Si^ii ilium. 


S  Mi  nut* 


1  :  100 
I  :  100 


1  :300 
1  :300 


1:2,000 


1  :600 


1  percent 
I  :  1,000 


70^J;-10minB 


Cholera  1 :200 
Typh   1  : 50 
1  :  300 
1  :  100 


1  :  20 
1  :300 


3-24  Houra. 


1  :  1,500 
I  :  1,500 
(Typhoid 

1  :  700) 
1  :  300  (Gas 

10  vol.  7c) 
1  :  30 


1  :  LOOU 


1  :  10.000 
1  :  4,000 


1  :  2-300 


1  :300 


1  :  3,000 


1  :  1,000 
1  :600 


Aathrmx  Sporw. 


50  in  10  days 
50  in  10  days 


Cone.  sol.  incom- 
plete disinfection 


1  :  20  (5  days) 
1: 2,000  (3Q  houra) 


I  :  20  (lday> 
I  r20  fl  hour) 


2  per  cent  fin  I  hr.) 
1  :1.000(inl2hra.) 


Alcol  50%  for  4 
months  without 
killing  sporep. 
Koch" 

I  :  20  (4-45  days) 
(at  40"  in  3  h«.) 

(10%in5hrs.) 


I  :  20  (in  6  hre.) 
I  :  100  iin  1  hr). 
3  :  100  (in  1  hr) 


^  Koch,  Arb.  a.  d.  kni.-?.  fiedundhritsamt,  1,  IS«I 
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The  determinatian  of  tb«  bactericidal  or  disinfectant  value  of 
a  ehenueal  aDbstaoce  upon  spores  nay  be  rarried  out  br  a  variety 
of  methoda  Koch,**  using  anthrax  spores  as  the  indieator,  dried 
tlM  apores  upon  prpvioosly  sterilize  threads  of  silk.  The»  were 
to  the  disinfeetant  at  a  definite  temperature  for  varying 
times,  the  djsinfeetant  was  then  removed  by  washing  in  sterile  water, 
and  the  threads  planted  upon  gelatin  or  blood  serum  media  and 
ineuhated.  A  serious  objeetion  to  this  method  was  pointed  out  by 
Geppert,"  who  maintains  that  it  is  iraposKible  by  simple  washing 
to  remove  completely  the  disinfeetant  in  whieh  the  thread  has  l>een 
soaked.  This  author  suggestii  that,  whenever  possible,  the  disin- 
feetant,  at  the  end  of  the  time  of  exposure,  should  be  removed  by 
nl  meana  In  the  case  of  hiehloride  of  mercury.  Oeppert  ex- 
enralsions  of  the  bacteria  to  aqueous  solutions  of  the  disin* 
fectaat.  and  at  the  end  of  exposure  precipitates  out  the  bichloride 
IBCMnry  with  ammonium  sulphide.  In  the  ease  of  a  lar;^  number 
'AC  diniifeetants.  however,  this  is  not  poRsible.  and.  when  the  thread 
method  is  used,  removal  of  the  chemical  agent  by  washing  must  be 
practiced.  Toraplete  removal  of  the  disinffH-tant  Ls  espeeinlly  de- 
sirable, since  spores  previously  exjioseii  to  these  suhstanees  are  more 
easily  inhibited  by  dilute  solutions  than  are  normal  spores.  The 
spores  may  be  drii^d  upon  the  end  of  a  glass  rod,  which,  after 
exposure,  is  washed  in  distilled  water  or  salt  solution  and  then 
immersed  in  sterile  broth.*' 

A  simple  method  is  that  in  whieh  graded  percentages  of  the 
disinfectant  are  added  to  the  menstruiun.  blood,  blood  serum,  broth, 
elc.»  in  which  the  disinfectant  is  to  be  tested,  and  equal  quantities 
of  bacteria  thoroughly  emulsified  in  water  or  salt  solution  are  added. 
Loopfuls  of  these  mixturt^  are  then  planted  from  time  to  time  in 
agar  or  leelatin  plates  upon  which  colony  counts  can  afterward  he 
made. 

In  all  such  tests,  it  is  important  to  rememl)er  that  the  presence 
of  organic  fluids,  blood  serum,  mucus,  etc..  considerably  alters  the 
efficiency  of  germicides,  and  whenever  practical  deductions  are  made, 
experimental  imitation  of  the  actual  conditions  should  be  attempted. 

Gaseous  Disinfectants  for  Purposes  of  Ftimigation. — There  are  a 
large  number  of  gaseous  agents  whieh  are  harmful  to  bacteria.  Only 


^Koch,  Arb.  a.  d.  kais.  Gesundhcitaunt,  1,  1881. 

^Oeppert,  fieri,  klin.  Woch..  xx\\,  1889. 

^Jrm,  ftef    Am.  Pub.  Healtli  Amb.,  xmmt,  1898. 
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a  few,  however,  are  of  sufficient  bactericidal  strength  to  be  of  prac- 
tical importance. 

Oxygen,  especially  in  the  nascent  state,  may  exert  distinct  bac- 
tericidal action  upon  some  bacteria.  That  strictly  anaerobic  strnina 
are  inhibited  by  its  presence  has  already  been  mentioned. 

Ozone  was  shown  by  Ransome  and  FuUerton*''  to  exert  consider- 
able germicidal  power  when  passed  through  a  liquid  nunlium  in 
which  bacteria  were  suspended,  but  was  absolutely  without  activity 
when  employed  in  the  dry  state. 

Chlorine  because  of  its  powerful  germicidal  action  was  once 
looked  upon  witli  favor,  but  has  been  found  quite  inadequate  from 
a  practical  point  of  view  because  of  its  injurious  action  upon  ma- 
terials, and  its  iiTegularity  of  action.  Chlorine,  too,  is  but  weakly 
efficient  unless  in  the  presence  of  moistxu-e,**  "i 

Sulphur  dioxide  or  sulphurous  anhydrid  (SO,),  formerly  much 
used  for  room  disinfection,  is  no  longer  regarded  as  uniformly  effi- 
cient for  general  use.  The  gas  is  produced  by  burning  ordinary  roll 
sulphur,  conveniently  in  a  Dutch  oven.  To  be  at  all  effective,  water 
should  be  vaporized  at  the  same  time,  since  the  disinfectant  action 
is  dependent  upon  the  formation  of  sulphurous  acid.  The  concen- 
tration of  the  g;,as  should  be  at  least  8  per  cent  of  tlie  volume  of 
air  in  the  room.  For  this  purpose  about  three  pounds  of  suJphur 
should  be  burned  for  every  thous/ind  cubic  feet  (»f  space.  It  should 
be  allowed  to  act  for  not  less  than  twenty-four  hours.  The  researches 
both  of  WolfThiigel"  and  of  Koch**"  have  sJiown  that  the  gas  is  not 
.sufficient  for  the  dwitructi^ni  of  spores.  Park"^  believes  that  sulphur 
dioxid  used  in  quantities  of  four  pounds  of  sulphur  to  1,0()0  cubic 
feet  is  of  practical  value  for  fumigating  purposes  in  cases  of  diph- 
theria aud  the  cxantlicmata.  Sulphur  dioxid  fumigation  is  more 
effective  than  formaldehyd  for  the  destruction  of  insecta — ^flcas,  lice 
and  bedbugs — a  matter  of  importance  in  epidemics  of  typhus  fever, 
relapsing  fever,  plague,  etc. 

5,   Of  all  known  gaseous  disinfectanta  by  far  the  most  reliable  is 
formaldehyd.     In  all  cases  where   formaldehyd  fumigation  is  iu- 


"JTanMiMf  and  FvUerfon,  Bop.  pMblic  HcaUb,  Jaly,  1901. 

*^  Fischer  And  ProaJtaupr,  Mitt.  a.  d.  kftU.  OenndhoitaiLmt,  x,  U,  1$82. 

*■  WolffhUgcl,  Mitt.  a.  d.  kata.  OesiindbaiUatnt,  i,  1881. 

•KwA,  Mitt.  a.  d,  kais.  arsundhcitMBit,  i,  1881. 

••/*ori;,  "PatLogen.  Bact.,"  H,  Y^  1908, 
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tended,  clothing,  bcd-Iinon,  and  fabrics  should  bn  spread  out.  rup- 
board.s  aud  draweiti  freely  opviud-  The  cracks  of  windows  and 
doors  should  be  hermetically  sealed  with  paper  strips  or  by  calking 
'With  cotton.  In  all  cases  moisture  should  be  provided  for,  either 
in  the  pcncratinjr  apparatus  or  by  a  separate  boiler. 

Direct  evaporation  of  formaldehyd  from  formalin  solutions  has 
been  the  principle  underlying  most  of  the  methods.  If  such  evapora- 
tion is  attempted  from  an  open  vessel,  however,  polymerization  of 
formaldehyd  to  the  solid  Irioxymethylene  occurs.  To  prevent  this, 
Trillat"*  and  others  have  constructed  special  autoclaves  in  which  20  per 
cent  of  calcium  chlorid  is  added  to  formalin  which  is  then  vaporized 
under  pressure. 

The  Trillnt  niito<*lave,  as  well  as  others  constructed  on  tlie  same  principle, 
consists  of  a  strong  copper  chamber  of  a  capacity  of  about  a  gallon,  fitted 
With  a  cover  whicli  can  be  tightly  screwed  into  place.  The  cover  is  i>erfornted 
by  an  outlet  vent,  a  pressure  gauge,  and  a  thennometer.  The  whole  apparatus 
IB  adjusted  upon  a  staud  and  set  over  a  kerosene  lump.  Into  the  chamber 
is  put  about  one-half  to  three-quarters  its  capacity  of  40  per  cent  formaldehyd 
(commercini  foraiahn)  containing  15-20  per  cent  calciiuu  chlorid.  The  solu- 
tion used  slioiild  he  free  from  methyl  alcohol,  since  this  leads  to  the  formation, 
with  fomiuKiebyd,  of  niethylal,  which  is  absolutely  without  germicidal  action, 
for  a  1*0001  of  about  3,000  cubic  feet  TrilJat  advises  tlie  coutinuaDce  of  the 
gas  flow  for  about  an  hour.     The  method  is  not  uniformly  reliable. 

A  method  which  has  found  much  favor  is  that  in  which  glycerin 
— usually  in  a  conceutration  of  10  per  cent — is  added  to  formalin. 
According  to  Schlossmann""  the  presence  of  glycerin  hinders  poly- 
merization. An  apparatus  in  which  this  mixture  is  conveniently 
utiliiied  is  that  of  Lentz.  Formalin  witli  10  per  cent  glyct^-rin  is 
placed  in  the  copper  tank  and  heated  by  a  burner.  This  apparatus 
has  l>een  favorably  endorsed  by  the  War  Department  of  the  United 
States. 

The  so-called  Breslau  method  of  generating  formaldehyd  depends 
upon  the  evaporation  of  formaldehyd  from  dilute  solutions,  v. 
Brunn'"  claims  that  where  formalin  iti  30  to  40  per  cent  strength 
is  evaporated,  water  vapor  is  generated  more  rapidly  than  formal- 
dehyd is  liberated,  and  a  concentration  leading  to  polymerization 


|rT*«2>ffIaf,''Corapi.  rend.  He  r&(*ad.  i3o«  sr.,  1896 
^  SckloMmann,  MUnch.  rne«i.  Wtwh.,  45,  1S98 
"f.  Brunn,  Zeit.  f.  Hyg.,  xxx,  1899. 
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occurs.  If,  however,  dilation  is  carried  out  until  the  formaldchyd 
in  the  solution  is  not  more  than  8  per  cent»  the  generation  of  water 
vapor  and  fornialdehyd  take  plaee  at  ahout  equal  speed  and  no 
concentration  occurs.  Schlopsmann****  furthermore  claims  tliat  poly- 
merization in  the  vaporized  formaldehyd  does  not  occur  if  suffieieut 
water  vapor  is  present — ^a  principle  which  may  also  contribute  to 
the  efiBciency  of  the  Broslau  method. 

In  practice,  the  uppurntus  devuictl  by  v.  Brunn  (Fig.  13)  consists  of  a 
strong  copper  kettle  of  about  'M  cm.  diameter  by  7.5  cm.  height.  This  is 
completely  eUised  except  for  two  opening's  in  the  slightly  domed  top,  one 
of  which  is  (he  exit  vont,  the  other,  lalernlly  pliR'cd,  is  for  purposes  of  filling 
and  is  closed  by  a  wrew  stopper.  The  tank  is  filled  with  a  solution  of 
formnlin  of  a  strength  of  from  8  to  10  per  cent  (commerciol  formalin  1:4). 
The  apparatus  permits  the  evaporation  of  largt*  quantities  of  fluid  in  a  short 
time  (3  liters  in  one  lioiir).  When  the  lump  is  left  in  u  closed  nxim  care 
should  be  taken  to  ftU  it  with  a  quantity  of  alcohol  propoi-tionate  to  the 
lount  of  fluid  to  be  evaporated.  This,  aceordlng  to  v.  Bnmn,  is  about 
s-quarter  of  the  volume  of  formalin  solution  used.  By  using  1.5  liters 
of  8  per  cent  formalin  for  each  1,000  cubic  feel  of  sjiace,  this  apparatus 
is  said  to  yield  a  concentration  of  fuimaldetiyd  of  about  23  grauiH  to  the 
cubic  meter. 

To  do  away  with  the  use  of  liquid,  a  method  has  been  devised 
which  depends  on  pnneiple  upon  the  breaking  up  by  heat  of  tiie 
solid  poljTuer  of  fonnaldehyd  (trixymethylene). 

The  apparatus  (trade  name,  "Schering's  Parafonn  Lamp")  as  described 
by  Aronson*^  consists  of  a  cylindrical  mantle  of  sheet-iron  placed  upou  a 
stand  and  supplied  below  with  an  alcohol  Innij).  Set  into  the  top  of  the 
mantle  is  u  small  chamber,  into  which  1  ptain  tablets  of  trioxyniethylcne 
are  placed.  The  alcohol  lamp^  so  placed  that  the  wicks  project  hut  sliiihtly— 
to  avoid  overlieating — is  lighted,  and  the  fommlin  generated  passes  out 
through  slits  in  the  uppef  case,  mingling  whh  the  water  vapor  and  otlier 
gases  liberated  by  the  alcohol  flame.  Tin*  more  modern  devices  have  water- 
boiler  attachments  to  insure  suflicient  moisture.  Two  tablets  ore  sullicient 
for  the  fumigation  of  about  thirty-flve  cubic  feet,  and  2  6»o.  of  alcohol 
are  filled  into  the  lamp  for  each  tablet.  One  hundred  to  one  hundred  and 
fifty  tablets  arc  usually  enough  for  the  ordinary  room. 

A  simple  method  of  generating  formaldehyd  is  that  which  is 
known  as  the  "lime  method.**    In  a  wide  slmllcw  pan  40  per  cent 


^Aronson,  Zeit.  t  Hyg.,  xiv,  1897. 
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Brmaldehj-d  solution  (oommerciAl  fortBABtt)  is  poured  over  qaiek- 
lime  (CaO).  Tlie  prevwu*  addition  of  conccnti-ated  sulpharic  acid 
to  the  formalin,  in  proportions  of  one  to  ten,  increases  tiie  spttd  of 
formalin  li^Kiration,  and  aids  in  limiting  polymerization.  One  and 
one-half  to  two  pounds  (one-half  to  one  kilogram)  of  quick-lime 
are  used  for  every  500  c.r.  of  the  formalin  solution.  The  heat 
•neratod  in  the  slaking  of  the  lime  produces  volatilization  of  the 
trmalin. 

A  modification  of  this  method  is  that  of  Schering"  in  whiefa 
tablets  of  paraform  and  unslaked  lime  are  together  laid  into  a  pan 
and  warm  water  is  poured  over  them. 

A  very  simple  method  \n  thf  potassium  permanganate  method  of 
Evana  and  Russell.^"  This  method  depends  upon  the  active  reaction 
oeeurnng  when  formalin  and  potassium  permanganate  are  mixed. 
Permanganate  is  plaeod  into  a  hucket  and  the  formalin  poured  over 
it.  The  bucket  nhould  be  large  enough  to  prevent  overflowing  when 
the  mixturt'  foams.  Special  galvanized  iron  pails  are  made  with 
funnel-shaped  tops,  and  pails  should  be  placed  on  a  piece  of  iron 
aheeting  or  bricka  to  prevent  overheating  of  the  floor;  500  c.c.  ol 
comm(?rcial  formalin  and  250  grams  of  potassium  per  manganate 
should  be  iwed  for  rvory  1.000  cu.  fi. 

The  room  in  which  formaldehyd  has  been  liberated  is  kept  sealed, 
in  the  manner  already  described,  for  at  least  twelve  hours,  after 
which  the  windowH  and  doors  are  opened.  The  odor  which  remains 
after  formaldehyd  fumigation  may  be  removed  by  sprinkling  with 
ammonia,  or  by  the  use  of  anyone  of  the  various  sorts  of  apparatus 
de\4sed  for  the  liberation  of  ammonia. 

For  the  destruction  of  rodents,  hydrocyanic  odd  gas  is  used  in 
the  fumigatifiti  of  Hhips  and  houses.  This  is  of  especial  importance 
in  controlling  such  diseases  as  plague.  Recently  Creel.  F:iget,  and 
Wrightson,  of  the  United  States  Public  Health  Service,  have  studied 
thifi  method.  They  found  hydrocyanic  acid  gas  is  more  penetrating, 
more  toxic,  and  more  easily  applied  than  either  sulphur  dioxid  or 
carbon  raonoxid.  5  oz,  of  powdered  pota.ssium  cyanid  per  1,000 
en.  ft.  of  space  were  sufficient  to  kill  rodents.  The  gas  is  producf^d 
by  dropping  the  potassium  cyanid  into  sulphuric  acid  of  a  specific 
gravity  of  1.84,  or  eommercial  grade  66B-     The  gas  is  as  efTectivc 


^Sekerinfi,  H^g.  Bunf1flrh*n,  1900. 

*■  Kvaits  and  SuMMell.  Rep.  State  BiL  Health,  Maine,  1904. 
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for  insects  as  it  is  for  rodonts.  The  olcmont  of  danger  to  human 
life  must  be  always  eonsidered  in  eurryint:  out  such  funiij^ation.  I)ut 
the  writers  referred  to  believe  that  tliere  is  no  danger  to  men  enter- 
ing a  place  fumigated  in  this  way  30  minutes  or  longer  after  the 
apertures  have  been  opened.  Subsequent  experience  in  the  fumiga- 
tion of  vessels  has  shown  that  longer  periods  of  ventilation  are 
necessary,  depending  on  the  conditions  of  moisture  and  air  currents. 
In  spite  of  rigorous  precautions,  loss  of  life  has  occasionally  occurred 
when  cyanide  is  used  as  a  routine  procedure.  For  the  fumigation 
of  the  hold  of  a  ship,  Creel,  Faget,  and  Wrightson'*  use  an  ordinary 
wooden  barrel,  into  the  top  of  which  is  placed  a  large  galvanized 
iron  funnel.  The  cyanide,  in  5-gal.  tins  with  top  removed,  may  be 
attached  to  the  funnel  and  dumped  into  the  sulphuric  acid  by  means 
of  a  rope  attached  to  the  tin,  after  the  barrel  has  been  lowered. 


*"  Creel,  Paget,  and  Wrightton,  United  States  Public  Health  Beports,  VoL  80^ 
No.  39,  Dec.  3,  1915. 


CHAPTER  VI 

METHODS   USED   IN   THE   MICBOBCOPIC    STUDY   AND    STAINING    OF 

BACTERIA 

MI0BO8COPI0  STUDY   OF   BACTEBIA 

Bacteru  may  be  studied  microscopically,  in  the  living  and  un- 
stained state,  and,  after  the  application  of  dyes,  in  colored  prepara- 
tions. For  the  manipulation  of  bacteria  for  such  study,  glass  slides 
and  coverslips  of  various  design  are  used.  These  must  be  perfectly 
dean  if  the  preparations  are  to  be  of  any  value.' 

The  Study  of  Bacteria  in  the  Living  State. — ^Ijiving  bacteria  may 
be  studied  in  what  is  spoken  of  as  the  "hanping-drop"  preparation. 
For  this  purpose  a  so-called  hollow  slide  is  employed,  in  the  center 
of  which  there  is  a  circular  concavity  about  three-quarters  of  a 
centimeter  to  one  centimeter  in  diameter.  The  preparation  is 
manipulated  as  follows:  if  the  bacteria  are  growing  in  a  fiiiid 
medium,  a  drop  of  the  culture  fliud  is  transferred  to  the  center  of 
a  cover-slip.  If  taken  from  solid  media,  an  emulsion  may  be  made 
in  broth  or  in  physiological  salt  solution,  and  a  drop  of  this  trans- 
ferred to  the  cover-slip,  or  the  bacteria  may  be  emulsified  in  a  drop 
of  salt  solution,  or  broth,  directly  upon  the  cover-slip.  The  con- 
cavity on  the  slide,  having  first  been  rimmed  with  vaseline,  by 
means  of  a  small  camel 's-hair  brush,  the  cover-slip  is  inverted  over 

*  Although  the  silicates  of  which  glass  is  composed  are  extremely  stable,  never- 
theless alkaline  silicates  which  are  said  to  separate  out  on  the  surface,  together 
with  grease  and  dirt  left  upon  the  glass  by  handling,  during  blowing  and  cutting, 
necessitate  cleansing  before  nse.  l*his  may  be  accomplished  by  a  variety  of 
methods.  A  simple  one  suitable  for  general  application  is  an  follows:  (1)  The 
slides  and  coverslips  are  thrown  singly  into  boiling  water  and  left  there  for 
half  an  hour;  (2)  wash  in  twenty-five  per  cent  sulphuric  acid;  (3)  rinse  in 
distilled  water;  (4)  wash  in  alcohol;  (5)  wipe  with  a  clean  cloth  and  keep 
dry  under  a  bell-jar.  Another  method  convenient  for  routine  use  is  to  immerse, 
after  thorough  washing  in  soap-suds  and  acid,  in  ninety-five  per  cent  alcohol  and 
to  leave  in  this  until  the  time  of  use. 

in 
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the  slide  in  such  a  way  that  the  drop  liangs  freely  within  the  hollow 
space.  The  preparation  is  then  ready  for  examination  under  the 
microscopo. 

Another  method,  known  an  the  "hanging  block  method/'  devised 
hy  Hill,-  for  the  study  of  living  bacteria  in  solid  media  is  earned 
out  as  follows:  nutrient  agar  is  poured  into  a  Petri  dish  and  allowed 
to  solidify.  Out  of  this  layer  a  pieee  about  a  quarter  of  an  ineh 
square  is  cut.  This  is  placed  on  a  sterile  slide.  The  upper  surfaee 
of  the  agar  block  is  then  inoculated  with  baeteria  by  surfaee  smear- 
ing, and  the  preparation  covered  with  a  sterile  dish  and  allowed 
to  dry  for  a  few  minutes  in  the  incubator.  A  stei-ile  cover-slip  is 
then  dropped  upon  the  surface  of  the  block  and  sealed  about  the 
edges  with  agar.  Block  and  cover-slip  are  then  taken  from  the 
slide  and  fastened  over  a  moist  chamber  with  paraffin.  The  entire 
preparation  can  be  placed  upon  the  stage  of  a  microscope.  This 
method  is  especially  designed  for  the  study  of  cell-division. 


Fig  9. — ^HA-voiNoDaop  Phghahation. 

Living  bacteria  may  also  be  studied  in  stained  preparations  by 
the  so-ealled  'Mntravitar*  method  of  Xakanishi.  Thoroughly 
cleaned  slides  are  covered  with  a  saturated  aqueous  solution  of 
methylene-blue.  This  is  spread  over  the  slide  in  an  even  film  and 
allowed  to  dry.  After  drying  the  slide  should  appear  of  a  trans- 
parent sky-blue  color.  The  microorganisms  which  are  to  be  examined 
are  then  emulsified  in  water,  or  are  taken  from  a  fluid  medium  and 
plaeed  upon  a  cover-slip.  This  is  dropped,  face  downward,  upon 
the  blue  ground  of  the  slide.  In  this  way  bacteria  may  be  stained 
Avithout  being  subjected  to  the  often  destruetive  processes  of  heat 
or  chemical  fixation.  According  to  Nakanishi.  cytoplasm  is  stained 
blue,  while  nuclear  material  assumes  a  reddish  or  purplish  hue. 

The  Study  of  Bacteria  in  Fixed  Preparations.— Stained  prepara- 
tions  of  bacteria  are  best  prepared  upon  cover-slips,  the  process 
consisting  of  the  follon-ing  steps:  fl)  Spreading  on  cover-slip ;  (2) 
drying  in  air;  (3)  fixing;  (4)  staining;  (5)  washing  in  water;  (6) 
blotting;  (7)  mounting. 


'  Hill  Jonr.  of  Med.  BeBeftreh,  vii,  1902. 


i 


MICROSCOPIC  STUDY   AND  SI'AININQ 


123 


(1)  Smearing, — Bacteria  from  a  fluid  medium  are  transferred  in 
a  small  drop  of  the  fluid,  with  a  platinum  loop,  to  a  cover-slip  and 
carefully  spread  over  the  surface  in  a  thin  film.  If  taken  from  a 
solid  medium,  a  small  drop  of  sterile  water  is  first  placed  upon  the 
cover-slip  and  the  bacteria  are  then  in  very  small  quantity  carefully 
emukified  in  this  drop  with  the  platinum  needle  or  loop  and  spread 
in  an  extremely  thin  film, 

(2)  The  film  is  allowed  to  dry  in  the  air. 

(3)  "When  thoroughly  diied,  fixation  is  carried  out  by  passing 
the  preparation,  film  side  up.  three  times  through  a  Buuscn  fiame, 
at  about  the  rate  of  a  pendulum  swing.  Fixation  by  heat  in  this 
manner  ia  most  convenient  for  routine  work,  but  is  not  the  most 
delicate  method,  inasmuch  as  the  degi-ee  of  heat  applied  can  not  be 
accurately  controlled.  The  other  methods  which  may  be  employed 
are  immersion  in  methyl  alcohol,  formalin,  saturated  aqueous  bi- 
chloride of  mercury,  Zinker's  lluid,  or  acetic  acid.  If  chemical  fixa- 
tives are  used,  they  must  be  removed  by  washing  in  water  before 
the  stain  is  applied.  If  a  preparation  is  made  upon  a  slide  instead 
of  a  cover-slip,  passage  through  the  flame  should  be  repeated  eight 
or  nine  times. 

(4)  Staining. — The  dyes  used  for  the  staining  of  bacteria  are, 
for  the  preater  part,  basic  anilin  dyes,  such  as  methyiene-blue,  gen- 
tian-violet, and  fuchsin.  These  may  be  applied  for  simple  staining 
in  5  per  cent  aqueoua  solutions  made  up  from  filtered  saturated 
alcoholic  solutions,  or  directly  by  weight.  They  are  conveniently 
kept  in  the  laboratory  as  saturated  aicoholic  solutions.  The  strengths 
of  some  saturated  solutions  are  as  follows:" 

Fuchsin  (aqueous),  1.5  per  cent. 

Puehsin  (alcohol  96  per  cent).  3  per  cent. 

Gentian-violet  (aqueous),  1.5  per  cent. 

Gentian-violet  (alcohol  06  per  centK  4.8  per  cent- 

Methylone-blue  (aqu<'ous).  6.7  per  cent. 

Methylcue-blue  (alcohol  96  per  cent),  7  per  cent. 

Tlie  staining  solution,  in  .simple  routine  staining,  is  left  upon 
the  fixed  bacterial  film  for  from  one-half  to  one  and  one-half  minutes 
according  to  the  efficiency  of  the  stain  used.  Methvlene-blue  is  the 
weakest  of  the  three  stains  mentioned;  gentian-violet  the  strongest. 

(5)  The  excess  st^in  is  removed  by  washing  with  water. 


•AfteT  IToorf,  "Chemical  and  Microfk^opical  Dia^fnosis,"  Appendix,  N.  Y.,  1909. 
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In  addition  to  the  5  per  cent  aqueous  solutions  of  the  saturated 
alcoholic  solutions  of  the  dyes  mentioned  above,  a  few  extremely 
useful  stains  for  routine  work  are  as  follows : 

Loefjier'H  Alkalin  Methylene'Blue ; 

Saturated  aleofaolio  methylene-blue 80  ex. 

1  to  10,000  PotaBsiuin  hydrate  in  water. 100  ce. 

Carbol-Fttchsin:^ 

Basic  f uchsin   1  gram 

Alcohol,  absolute    10    cjC, 

5%  Aqueous  carbolic  acid 90    tx. 

To  make  up  this  stain  mix  90  c.c.  of  5  per  cent  aqueous  solatimi  of 
carbolic  acid  with  10  c.c.  saturated  alcoholic  basic  fuchsin. 
It  can  also  be  made  up  by  weighing  out : 

Basic  fuchsin 1   gram 

Carbolic  acid 5  grams 

Dissolve  in  distilled  water,  90  c.c.  filter  and  add  absolute  alcohol,  10  c,c. 
Toluidin-Blue  Solution, — A  very  useful  stain  for  general  bacteriological 
work  and  for  diphtheria  bacilli 

Toluidin  blue  0^5  gram. 

Acetic    acid 2.0      ex. 

Absolute  alcohol   5.0       c.«. 

DistiUed  water 100.0      cc. 

This  can  be  used  alone  when  it  gives  a  stain  like  Loeffler's  methylene  blue, 
but  more  clear,  or  else  a  counterstain  of  Bismarck  brown  can  be  used. 
Pappenheim^Saathof  Meihylgreen: 

Methylgreen    0.15  grams 

PrroniD    0.5  grams 

955t    Alcohol    5.0  cc. 

GlyeeriD  20.0  cui. 

2^c  Carbolic  acid  in  water  up  to 100.0  tjt. 

Stain  1  to  2  minutes,  wash,  blot  This  is  a  splendid  method  of  staining 
bacteria  in  general  and  it  is  particularly  useful  for  the  staining  of  phagoc>'tes 
containing  baeteria,  as  in  gonococcns  smears  and  in  opsonic  work. 

'Saathof,  Dent.  med.  woch.,  1905. 
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SPECIAL    STAININO   METHODS 

Spore  Stains. — Abuott's  Method/ — Cover-slips  are  smeared  and  fixed  by 
heat  in  the  usual  manner. 

Cover  with  Loeffler's  alkahne  methylene-blue  and  beat  the  slain  until  it 
boils,  repeal  the  heating  at  intenals  but  do  not  boil  continuously.  Keep 
this  up  fur  one  minute. 

Rinse  in  water. 

Decolorize  with  a  mixture  of  alcohoi  eighty  per  cent  98  ce.  and  nitric 
acid  2  C.C.,  until  all  blue  has  disappeared. 

Rinse  in  water. 

Dip  from  three  to  five  seconds  in  saturated  alcoholic  solution  of  eoein 
10  c.c,  and  water  90  c.c. 

Rinse  in  water,  blot,  and  mount  in  balsam. 

By  this  method  the  spores  are  stained  blue,  the  bodies  o£  the  bacilli  are 
stained  pink. 

MoEU'EB^s  Method.^ — Cover-slips  are  prepared  as  usual  and  fixed  in  the 
flame. 

Wash  in  choloroform  for  two  minutes. 

Wash  ill  water. 

Cover  with  live  per  cent  chromic  acid  one-half  to  two  minutes. 

Wash  in  water.  Invert  and  float  cover-slip  on  carbol-fuchsin  solution  in 
a  small  porcelain  dish  and  heal  gently  with  n  Hume  until  it  steams;  continue 
this  for  throe  to  tive  minutes.  (This  step  can  al»o  be  done  by  covering  the 
cover-glnss  with  carbol-fuchsin  and  holding  over  flame.) 

Decolorize  with  five  per  cent  sulphuric  acid  five  to  ten  aeeonds. 

Wash  Ml  water. 

Stain  with  aqueous  methylene-blue  one-half  to  one  mihnte.  By  this 
method  spores  will  be  stainetl  red,  the  body  blue. 

Gapsole  Stains.— Welch's  Method.* — Cover-slips  are  prepared  as  usual 
but  dried  without  heat. 

Co\'er  with  glacial  acetic  acid  for  a  few  seconds.     Pour  off  acetic  acid 

and  cover  with  anilin  water  pentiar-Wolet,  renewing  stain  repeatedly  until 

all  ai'id  is  removed.     This  is  done  by  pouring:  the  stain  on  and  off  three  or 

four  times  and  then  Anally  leaving  it  on  for  about  three  minutes. 

W"aah  in  two  per  cent  salt  solution  and  examine  in  this  solution. 

Hjss'  METUons.* — (1)  Co^pper  Suiphate  Method, — Cover-slip  preparations 


•Ahhoit,  "Prin.  of  Bact./'  Phila.,  1905. 

•  Moellcr,  Cent.  f.  Bakt.,  I,  x,  1891. 

'  f^elch,  Johns  Hopkins  lloip.  Bull.,  1892,  til,  81. 

*Biu,  Cent.  f.  Bakt.,  xxxi,  1902;  Jour.  Exper.  Med.,  vi,  1905. 
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are  made  by  smearing  the  organisms  in  a  drop  of  animal  serum,  preferably 
becl'-btood  serum. 

Dry  in  air  and  fix  by  heat. 

Stain  for  a  few  seconds  with — 

Saturated  oleoholic  solution  of  fnehsin  or  gentian-violet  5  tc.,  in  disttUed 
watur  95  c.c. 

The  cover-slip  is  flooded  with  the  dye  and  the  preparation  held  for  a  seeond 
over  a  free  tlamo  until  it  steams. 

Wash  off  dye  with  twenty  per  cent  aqueous  copper  sulphate  solution. 

Blot  (do  not  wash). 

Dry  and  mount. 

By  this  method  peimancnt  preparations  are  obtained,  the  capsule  appear- 
ing as  a  faint  blue  halo  around  a  dark  purple  coll  body. 

Hirs'T00N*8  Cafsdle  Staik  (applicable  only  to  cultures^  not  to  animal 
exudates). — This  dep»ends  upon  the  precipitating  action  of  lactic  acid  on 
nutroae.    Requires  two  solutions. 

1.  Diluent. — 3  per  cent  soluiton  of  nutrose  in  distilled  water;  place  in  Arnold 
one  hour,  add  a  small  amount  of  carbolic  as  preservative,  and  allow  to  settle. 

2.  Stain  and  tixutivo. — 2  per  cent  carbolic,  100  cc;  conconiratod  lactic  aold, 
0^  C.C. ;  1  per  cent  aootic  acid,  1  c.c;  saturated  alcoholic  solution  basic  fucbsiaj 
1  c.c.  j  carbol  fuchaiu,  I  c.c. 

Aa  to  the  dye  t^niployed,  most  anything  but  niethylono  blue  or  Bismarck  brown 
may  be  used.  Methyl  violet  givos  the  most  beautiful  results  but  is  not  pormaaeot 
and  will  Bot  photograph.  1  have  found  the  above  mixture  the  beet  for  classroom 
work. 

Make  a  thin  tiim,  employing  solution  1  as  diluent.  Dry  in  air.  Do  not 
fix.    Cover  with  stain  30  seconds.     Waah  in  water,  dry,  and  examine. 

Bitekger's  Method.*" — Cover-slip  preparations  are  made  by  smearing  in 
serum  as  in  Hiss'  method. 

As  the  edges  of  the  smear  begin  to  dry,  pour  over  it  Zenker's  fluid  (with* 
out  acetic  acid)  and  warm  in  Hame  for  three  seconds. 

(Zenker's  fluid  Is  composed  of  potassium  bichromate  2.5  gm.,  sodium 
sulphate  1  gm.,  water  100  c.c,  saturated  with  biuhloride  of  mercury.) 

Wash  iu  water. 

Fluah  with  ninety-five  per  cent  alcohol. 

Cover  with  tincture  of  iodin,  V.  K.  P.,  one  to  tliree  minutes. 

Waah  with  niuety-five  per  cent  alcohol. 

Dry  in  the  air. 

Stain  with  anilin  water  gentian-violet  two  to  five  seconds. 

Wash  with  two  per  cent  salt  sohilion. 

Mount  and  examine  in  salt  solution. 


^^  Buerger,  Med.  News,  Doc.,  1904. 


118 


BI0UX3Y  AND  TECHNIQUE 


Wadswohth's  Method." — Wadsworth  has  devibed  a  metivod  of  Blaiiiiug 
capsule's  which  depends  npon  the  fixation  of  smears  with  t'oruiaUu.  After 
such  tixation  capsules  may  be  demonstrated  both  with  simple  stains  and  by 
Gram's  method.     The  technique  is  as  follows: 

Smear  preparations,  made  as  usual,  are  treated  us  fuUows: 

1.  Formalin,  40  per  cent,  two  to  five  minutes. 

2.  Wash  In  water,  five  seconds. 


BiMPLE  Stajn. 

3.  Ten  per  cent  aqueuos  gentian* violet 

4.  Wash  water,  five  seconds. 
6.  Drff  mount  in  balsam. 


DirrEBKNTrAL  Stain  (Oram's  Method) 

;S.  Anilin  gentian-violet,  two  minutes. 

4.  lodin  solution,  two  miuutos. 

5.  Alcohol,  95  per  cent,  decolorize. 

6.  Fui'h^in.  dilute  aqutKius  solution.       ' 

7.  Wwsli  waler,  two  seconds. 

8.  Ilrjr,  mount  is  balsam. 


It  is  important  that  the  formalin  be  fresh  and  the  exposure  to  water 
momentary.  When  deeolorizinif  in  the  Gram  method,  strong  alcohol  tiuly 
should  be  used.  Wadsworth  al^  fouud  that  encapsulated  pnounioc<K'ci  could 
be  demonstrated  in  ceUoidin  sections  of  pneumonic  leaitfns  liardened  in  stronisr 
formalin.  The  lun^  should  bo  distended  with  the  formalin  or  the  lesions 
cut  in  vcrj'  thin  bits,  hardened,  dehydrated,  embedded,  aiid  cut  in  the  usual 
way.  The  ceUoidin  sections  may  l>e  fixed  on  the  slides  by  partially  dis- 
solving: the  ceUoidin  hi  alcohol  and  eth^r  and  setting;  the  celloidin  quickly 
in  water  before  slninittg.  Failure  to  obtain  pneumococci  encapsulated  in 
such  sections  is  usually  due  to  improper  or  inadequate  tixation  in  the  formalin. 

The  differential  method  employed  by  Wadsworth  for  tissue  staining  is 
as  follows: 

1.  Fix  in  formalin  forty  per  cent,  two  to  five  minutcfl, 

5.  Wash  in  water. 

3.  Anilin  gcutiun-violet,  two  minutes. 

4.  lodiu  fliiUition,  two  minu((«. 

6.  Alcohol,  nin«ty-fivr  per  cent,  docolorizo. 

6.  tCnnin  alcohol,  countorMnin. 

7.  C'lear  in  oil  of  urigununi. 

8.  Mount  in  balM&m. 

riagella  Stains. — AH  flagella  stains,  in  order  to  be  successful,  necessitate 
particiilnrly  dean  cover-slip  preparations,  best  made  from  young  agar  cul- 
tures emulsified  fn  sterile  salt  solution.  Scrupulous  care  should  be  exercised 
in  cleaning  the  glassware  used. 


MICROSCX^PIC  8TUUY    AND   STAINING 


119 


rvLER's  Mkthod.*^' — The  preparation  is  dried  in  the  air  and  fixed  by 
It  i&  thva  treated  with  the  following  Tuotdaot  solution: 

Twenty  per  cent  aqueous  tannic  acid 10  parts. 

Ferrous  eiilphatc  aq.  ml.  saturated  at  room  temperature.-  .     S  parts. 
Saturated  alcoholic  f uchsin  solution 1  part. 

This  solution  whioh  should  be  £re»hly  filtered  before  usiog,  is  poured  ovei* 
the  cover-glass  and  allowed  to  remain  there  for  one-half  to  one  minute, 
during  which  time  it  should  be  gently  heated^  but  not  allowed  to  boiL 

Wash  thoroughly  in  water. 

8tain  with  five  per  cent  anilin  water  fuehsin  or  anilin  water  gentinn-violct 
made  slightly  alkaline  by  the  addition  ut'  one-tenth  per  cent  Aodium  hydrate. 

The  stain  should  be  filtered  directly  upon  the  cover-&lip.  Wai*m  gently 
and  leave  on  for  one  to  two  minutea.     Wash  in  water.    Mount  in  balsam. 

Van  Ermesoem's  Method." — This  method  requires  the  prej)uralion  of 
three  solutions. 

(1)  Twenty  per  cent  tannic  acid  solution 60  c.c. 

Two  per  cent  osmic  acid  solntion 30  c.c. 

Qlacial  acetic  acid 4-5  drops 

The  cover-slip  carr)*ing  the  fixed  preparation  is  placed  in  this  solution 
for  one  hour  at  room  temperature,  or  for  five  minutes  at  lOO'*  0.  (boiling). 
Wash  iu  water. 
Wash  in  absolute  alcohol. 
Immerse  the  cover-slip  for  one  to  three  seconds  in 

(2)  Silver  nitrate,  0.25-0.5  per  cent  solution. 
Without  washing,  transfer  to 

(3)  Gallic  acid 5  gm. 

Tannic  acid 3    ** 

Fused  potawium  acetate 10    " 

Distilled  water 350  ex. 

Immerse  in  this  for  a  few  minutes,  moving  the  cover-slip  about. 

Return  to  the  silver  nitrate  solution  until  the  preparation  turns  block. 

Wash  thorouj^hly  in  water. 

Hlot  nnd  mount. 

SiiiTu's  Modification  of  Pitfield's  Method,'* — A  saturated  solution 
of  biehlorid  of  mercury  is  boiled  and  is  poured  while  still  hot  into  a  bottle 
in  which  crystals  of  ammonia  alum  have  been  placed  in  quantity  more  than 


^Loeffler,  Cent.  f.  Bnkt..  I.  vi,  1889. 

»  Fan  Ermengem,  Cent.  i.  Bakt.,  I.  xv,  1894. 

**RmHK  Brit.  Med.  JcMir.»  f,  ItKM,  p.  LMW. 
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suHlcient  to  SBtnnte  tlie  fluid.  The  bottle  is  then  shaken  and  Allow«d  to 
cool.  Ten  d.c.  off  this  solution  axie  added  to  10  vx.  of  freshly  ]irepnred  ten 
per  cent  tannic  aeid  solution.  To  this  add  5  e.c.  earbol-fiiclisin  solution. 
Mix  and  filter. 

To  stain,  Alter  the  above  mordant  directly  upon  the  fixed  rover-alip 
preparation.  Heat  gently  for  three  minutes,  but  do  not  allow  to  boil.  Wash 
in  witer  and  stain  with  the  following  solution : 

Saturated  alcoholic  aolutioo  gentian-violet 1  c.c. 

Saturated  lolution  ammonia  alum 10  c.c. 

Filter  the  stain  directly  upon  the  preparation  and  heat  for  three  or  four 
minutca.    Wash  in  water,  dry,  and  mount  in  balsam. 

Differential  Stains. — CJkam's  Misthod.'^ — By  this  method  of 
staining,  which  in  cxtrcmi'ly  important  in  bacterial  differentiation, 
bacteria  are  di^-ided  into  those  which  retain  the  initial  gtaiii  and 
thow  whiffh  are  subftequently  decolorized  and  takr  the  enunterstain. 
The  former  are  often  spoken  of  as  the  Gram-positive,  the  latter  as 
Gram-negative  bacteria. 

The  reasons  for  the  differential  value  of  (iram's  method  are  not 
entirely  clear,  but  munt,  of  course,  depend  upon  peeuliavities  of  the 
chemical  constituents  of  the  bacteria  themselves.  A  considerable 
amount  of  work  has  Iwen  done  on  the  subject  wliieh  liaa  not  been 
entirely  conclusive.  A  discussion  of  the  subject  may  be  found  in 
Wells'  "Chemical  Pathology/'  Second  Edition,  page  105.  Wells 
states  that  the  n^sulta  of  Oram's  method  may  be  ascribed  to  the 
formation  of  an  iodin-pararoaanilin-protein  compoxind  in  the  Gram- 
positive  bacteria.  Only  dyes  of  this  group,  namely,  gentian  violet, 
methyl  violet,  etc.,  will  form  such  eombination.  He  quotes  Biirgi»rs** 
as  statiTig  that  trypsin  will  digest  Gram-negative,  but  not  Gram- 
p4iHitiv<*  Imeteriu,  and  the  gastric  juice  affects  only  a  few  of  the 
OranipOHitive  species.  It  has  also  been  suggested  that  the  fatty 
substances  in  the  baeterisl  lK)dics  may  have  some  relationship  to 
the  Gram-stain,  and  that  the  bacterial  cell  wall  is  the  part  nioHt 
directly  involved  in  the  staining  reaction.  Henians*^  has  found  that 
when  Gram-positive  bacteria  are  artificially  disintegrated  they  lose 
their  eharaeleristie  reaction  and  become  Gram-ncgative,  and  this 
has  been   confirmed  for  tubercle   bacilli  in  Wells*  laboratory  by 

"OfflBi,  PoTtachr.  d.  Med..  U,  1884. 

^Burgera  and  eoUahorotorn,  Zelt.  t.  HyitT.,  lOH,  70. 

"flr»wnfl,  Jour,  of  Pathol,  and  Baxter.,  17.  1912,  199, 
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'Sherman."  Wells*  suggestion  is  that  the  iodin  may  render  the  ceil 
murabraue  impermeable  to  alcohol. 

Preparations  are  made  on  cover-slips  or  slides  in  the  usual  way. 

The  preparation  Is  then  covered  with  an  anilin  gentian- violet 
solution  which  is  best  made  up  freshly  before  use. 

The  staining  fluid  is  made  up,  according  to  Gram's  original  direc- 
tions," as  follows: 

Five  c.e,  of  nnilin  oil  are  shaken  up  thoroughly  with  125  e.c.  of  distilled 
water.     This  solution  is  then  tiltered  through  a  moist  filter  paper. 

To  108  e.c.  of  this  anilin  water,  add  12  c.e.  of  a  saturated  alcoholic 
solution  of  pentian-violet.  The  stain  ads  best  when  twelve  to  twenty-four 
hours  old,  but  may  be  used  at  once.  It  lusta,  if  well  stoppered,  for  three 
to  five  days.  A  more  convenient  and  simple  method  of  making  up  the  stain 
is  aa  follows: 

To  10  c.c.  of  distilled  water  in  a  tes't  tube  add  anilin  oil  until  on  shaking 
the  emulsion  is  opaque;  roughly,  one  to  ten.  Filter  this  through  a  wel  paper 
until  tlie  filtrate  is  clear.  To  this  add  saturated  alcoholic  solution  of  gentian- 
violet  until  the  mixture  is  no  longer  transparent,  and  a  metallic  film  on 
the  surface  indicates  saturation.  One  part  of  alcoholic  saturated  geittian- 
nolet  to  nine  parts  of  tlie  anilin  water  will  give  this  result.  This  mixture 
may  be  used  immediately  and  lasts  two  to  five  days  if  kept  in  a  stoppered 
bottle. 

Cover  the  preparation  with  this;  leave  on  for  5  minutes.  Pour  off  excess 
stain  and  cover  with  Gram's  iodin  solution  for  2  to  3  minutes. 

Iodin 1  gm. 

Potassium  iodid 2  gm. 

Distilled   water   300  ex.        ,„, 

Decolorize  with  ninety-seven  per  cent  alcohol  until  no  further  traces  of 
the  stain  cun  be  washed  out  of  the  preparation.  This  takes  usually  thirty 
seconds  to  two  minutes,  according  to  thinness  of  preparation. 

Wash  in  water. 

Counteratain  with  an  aqueous  contrast  stain,  preferably  Bismarck  brown,*^ 
dilute  fuchsin  or  safranin. 

Paltauf's  Modification  op  Gram's  Stain."— The  staining  fluid 
as  prepared  by  this  modification  possesses  the  advantage  of  retaining 

'*5kermon,  Jour,  of  Infee.  Dis.,  12,  1913,  249. 

*■  Gravi,  loc.  cit. 

**To  make  «p  Bismarok  brown  solution,  prepare  a  saturated  aqueous  solution 
of  the  powflerod  dye  by  heating.  Cool  and  filter.  Dilute  1  to  10  with  distiJled 
water. 

"^  Sharnoskff,  Proc.  N.  Y.  Pathol.  Soc.,  Oct.,  1909,  n.  s.,  ix,  3, 


WOUXit  AND  TECHNIQUK 


diaeribcd  in  the  origiiiul  riKtliod. 

S^  C^^  Aailin  oil  Are  added  to 

M  #>«.  dMitlAl  water  anH 

7  c^  Abaola(«  aJfohul. 


This  ■nstarr  k  thwwudiiy  fthaki-n  and  Hltered  through  u  muit>t  filter 
psfMr  uDCii  cfMT.    TWn  add : 

Tlw  ll«J4  iAooli  alAod  ttfra(y-four  HourSj  during  which  a  precipitate 

Tbia  iptttfiaJi'^iUtff  «4ialiiKi  relainit  it«  staining  power  for  from  4  to  6 
%ra4aL    ll  fia  9Bod  oal>  wfcm  a  meCaltic  luster  develops  on  the  surface. 

Il  w  ti«H4  KB  CW  fc4i<nrijiy  way:  fipreads  on  cover-slips  or  slides  are 
drM  aod  Ai«4  a"  imiuI 

Tli4«i  apply: 

Anif  vlxive),  three  minutes. 

I>r>'  .    >i«a. 

A>i»/lri(«  alriifarjl  («Mh  atimiiir),  thirty  Keeonds. 

fVmut^rvUin,  wlfh^iut  vadbinif  in  irater,  in  aqueous  fuchsin  or  in  weak 

Jensm'*  Modifi^ali'fm  nf  the  Gram  iftain," — Jensen  prepares  his  smears 
ill  !t#»  miUnary  way.  H*  tuam  a  o  p*r  cent  (wlution  of  methyl  violet,  "6B." 
Thb  iMdulkin  ia  atalilr.  It  la  ponr«d  on  thi>  flxe<l  Kmear  for  i/4  to  V'2  minute. 
T\m  nuithyl  vi/iM  wUititfn  ia  fM>tir»^  off  and,  without  washinir,  is  covered 
wilh  liH^ot'k  mUtttou,  and  ihii  ia  firitirr'd  off  and  fresh  Liigol  added  and  loft 
frfi  for  Vtf  ndnniff, 

Tliv  k«Mlinfi  Mihill'm  i*  nnw  puutfd  off  nnd  the  preparation  washed  with 
Wi%  alfiobol.  Wbirn  ilrfjdi;ri«Hl»  lh«  f^H%  alcohol  in  washed  off  with  a  few 
dnfpN  of  nlipwiliiti'  alcohol,  and  tlii<  prcpanitinn  couiiterstained  with  a  sohition 
of  nnitral  rc^l  vtmuMtn:  at  1  ifnim  of  neutral  red  in  a  liter  of  water  to 
whiafa  2  c^.  KUrtal  acetic  acid  bjia  b««m  added. 

Apparcnlly  thn  irnjinrtarit  point  in  JcnKen'H  xtuin  is  that  the  preparation 
la  never  whuImm]  with  water,  and  that  the  \\\\i\\  wii^hintr  off  of  tlie  98°  alcohol 
i*  dorti*  with  A  few  drop^  nf  nhwdure 

We  have  not  used  thia  atain  05  a  mufine  nnd  do  not  know  bow  reliahle 
it  ia. 

SrcnuNo's  Modification  or  Obam'b  Method. — 2  c.e.  anllin  oil  + 
10  CO.  95%  alcohol.    Shake  and  add  88  c.c.  distilled  water.    5  (^raniH 


"/enaen,  Bcrl.  U1&.  Woeh;,  49,  1012,  1168. 
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gentian  violet  are  ground  in  a  mortar  and  the  anilin  solution  addrd 

^ slowly  while  grinding.    Hltor,    This  solution  keeps,  and  stains  in 
one-half  to  one  minute."*  , 


CliASSIPXCATION 


OP    THE    More    Tmi*ortakt    Pathogenic 
According  to  C4bam's  Stain. 


Hacteru 


Qram-positivo. 

(Retain  the  Gentian-violet.) 

Micrococ(»us  pyopfenes  aureus 

Microeocfus  pyoj^eru's  albua 

Streptococcus  pyogenes 

Micrococcus  tetra  genus 

Pneuraococcus 

Bacillus  bubtiiis 

Bacillus  anthraois 

Bacillus  diphthonae 

Bacillus  tetanua 

Bacillus  tuberculosis  and  other 

acid-fast  bacilli 
Bacillus  aerogoncs  capsulatus 
Bacillus  botulinas 


Gram-negative. 

(Take  Count erstain,) 

Meningococcus 
Gonococous 

l^licroeoecus  catarrhalis 
Bacillus  coli 
Bacillus  dj'scnteriw 
Bacillus  typhosus 
Bacillus  paratyphoRUs 
Bacillus  fecalis  alkaligcnes 
Bacilhus  cnteritidis 
Bacillus  proteus  (proteus) 
Bacillus  mallei 
Bacillus  pyocyaneus 
Bacillus  intiuenzffi 
Bacillus  niucosus  capsulatus 
Bacillus  pcstis 
Bacillus  maligni  (edematis 
Spirillum  choleras 
Bacillus  Koch-AVceks 
Bacillus  Morax-Axenfeld 


Stains  for  Acid-Fast  Bacteria. — Thosr  methods  of  staining  are 
chiefly  useful  in  the  demonstration  of  tubcrcK^  bacilli.  Tbcsc  bacteria 
because  of  their  waxy  cell  membranes  are  not  ea.sily  stained  by  any 
but  the  most  intensified  dyes,  but  when  once  stained,  retain  the 
color  in  spite  of  energetic  dccolorization  with  acid.  For  this  reason 
they  are  known  as  acid-fast  bacilli.  The  first  method  devised  for 
the  staining  of  tubercle  and  allied  bacilli  was  that  of  Ehrlich. 

"This  18  the  routine  method  employed  in  our  laboratory  at  present.     In  using 
Sterling's  stain  the  time  of  staining  can  be  abhrcviatcil  as  follows: 

Sterling's  0«ntian  Violet one  minute 

lodiu    thirty  ncrnnils  to  one  minute 


** — TbiB  melkod  in  now  rarely  used.    Cover-slip 
pttptutd  as  ttfttai  and  fixed  by  heat. 


ofio   «rai4r  ynfiatMrJolet,  hot,   three   to  five  minutes,  or 

t>vailUtiM  ttttk  tittrlj-tkfw  {ler  ccat  nitric  acid  one-half  to  one  minute. 
TMBt  wiHb  mMif  p«r  ecnt  ulrobol,  until  no  color  can  be  seen  to  eome  off. 


JlBrutiD.** — ^Thin  smears  are  made  upon  cover- 


A«  gireo  on  page  115.  The  slide  or  <*over- 
ffct  «Ulm^  sad  this  gently  lieated  with  the  Hame 
ilM  tmm'^ttp  nuiy  be  inverted  upon  the  surface  of 
porviMtt  a^  err  WBtrh-glass,  and  this  heated  until 
TIm  ii  MSliMMrf  l«r  |iir«»  to  fivp  minutes.  Decolorize  with 
flT«  p«r  «i«l  0»trk  Mi4«  fvw  pir  e«it  sulphnrio  acid^  or  one  per  cent 
bydrodikirie  aci^  tai  UirM  to  iir«  a#«oi>di.  The  treatment  witb  the  acid  is 
Uiitil  mhaxjMtBt  *]t4rJO|r  witb  water  will  pve  only  a  faint  pink 
to  tb*  prq^aratkn. 
WMb  vilb  omHy  p«r  ««i(  aImM  HDtil  no  further  color  can  be  removed. 
If,  after  prolonfred  wa*hinir  with  alrobol,  a  red  color  still  remains  in  very 
thirk  plaraa  opon  tiM  mnmr,  whfU  tfet  ik\n  nraaa  appear  entirely  decolorized, 
thin  may  Im*  dur«8»r<Ud 

Wiuh  in  wat4T  and  eoanUniUlii  in  aqocoaa  tnctbylene-blue  for  one-balf 
to  one  minute. 

Rinat  in  water,  dry,  and  moant 

By  this  method  th«  tuViercl*  bMilli  are  mlnred  red,  other  bacteria  and 
aellular  vh'mcnlii  which  may  l>e  preaent  are  Btoini*<l  bhic. 

Oabbct's  Method.'* — Gabbct  has  devised  a  rapid  method  in 
which  the  deeuhtri/^ition  and  counterstaitunK  ai'c  accomplished  by 
one  Holution.  The  Rpecinieii  In  prcporrd  uFid  stained  with  carbol- 
fnclisin  as  in  the  preeeding  method.  It  i«  then  immersed  for  one 
minute  directly  in  the  following  solution  : 

Mrthyl^ne-bluo    «•»•«••» .-.■i*..li.»« 2  gma. 

Uulphtirie  acid  25  per  cent  («p.  gr.  1018) . . , 100   c.c 


••  Kkrlu'h,  Deat.  mcd.  Woch.,  1882. 

"XUhl,  Dout.  ixitHi.  Woch.,  1882;  NeeUon,  Deut.  med.  Woch.,  1883. 

''Gabbet,  Lancet,  1887. 
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Than  rinse  in  water,  dry,  and  moiuit. 

This  luetbmlr  ^vhiie  rapid  and  vei*}'  conveoient,  is  not  so  reliable  as  the 
Ziehl-Netilson  method. 

Pappenheim's  Method." — The  method  of  Pappenheim  is  devised 
for  the  purpose  of  differentiating  between  the  tubercle  bacillus  and 
the  smegma  bacillus.  Confusion  may  occasionally  arise  between 
these  two  microorganisms,  especially  in  the  examination  of  urine 
where  smegma  bacilli  are  derived  from  the  genitals,  and  less  fre- 
quently in  the  examination  of  sputum  where  smegma  bacilli  may 
occasionally  be  uuxed  with  the  secretions  of  the  pharynx  and  throat. 

Prepamtions  nrc  smeared  and  fixed  by  heat  in  tlie  usual  way. 

Stain  with  hot  carbol-fuchsin  solution  for  two  minutes. 

Pour  off  dye  without  washing  and  eover  with  the  following  mixture: 

Corallin    (rosolic  acid)    1  gm. 

Absolute    alcohol 100    c.c. 

Methylene- blue  added  lo  saturatioa 

Add  glycerin* 2"    f*  f . 

This  mixture  is  poured  on  and  drained  off  slowly,  the  procedure  being 
rV|>eHted  four  or  tive  times,  and  finally  the  [»reparfltion  is  washed  in  water. 
The  combination  of  alcohol  and  rosobc  acid  decolorizes  the  smei^a  bacilli, 
but  leaves  the  tubercle  bacilli  stained  bright  red. 

Baumoarten's  ilETHOD.^" — This  method  is  recommended  by  the 
author  for  dift'ercntiation  between  the  bacillus  of  tuberculosis  and 
the  bacillus  of  leprosy  and  depends  upon  the  fact  that  the  tubercle 
bacillus  is  leas  easily  stained  than  Bacillus  leprae. 

Smears  arc  prepared  and  fixed  by  heat  in  the  usual  way. 

Stain  in  dilute  alcoholic  t'uchsin  for  five  miuutes. 

Decolorize  for  twenty  seconds  in  alcohol,  ninety-flve  per  cent,  ten  parts, 
nitric  acid  one  part. 
Wash  in  water. 

Coimterstaiu  in  methylene-blne. 
Wash  in  water,  dry,  and  mount. 


^Pappenheim,  Berl.  klin.  Woch.,  1B98.  ''      "  " 

"Tbo  glyoeriu  is  added  after  the  other  conetituonts  have  been  mixed. 

"  Baumffarten,  Zeit.  f.  wissensch.  Mikrosk.,  J,  1884. 
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Tbu  tabcrcle  baciUus  nhouid  be  l>lue  aiid  ihe  bacillas  of  leprosy  red. 
Hermann's  Stain  for  Acid  Fast  Bacteria:"^ 

I.  Co*BtAl  Violet  3%  in  alcohol, 
n.  Ammonium  Carbonate  1%  aqueous. 

Mix  one  port  ot'  "l"  with  J  parts  of  "IJ"  jost  before  using.  Steam 
3  minutt*.  Decolorize  with  10%  nitiic  acid  (or  5%  sulphuric  acid).  Waah 
in  alcohol,  rinse  and  L-ount<?rstain  with  Hibmarck  brown.  The  bettor  contrast 
obtained  with  this  stain  is  stated  by  Park  to  increase  the  ease  with  which 
tubercle  bacilli  can  be  found  in  sputum. 

Special  Stains  for  Polar  Bodies. — Those  staining  methods  are 
dcKigncd  to  bring  into  view  pdlar  bodies  as  found,  for  instance,  in 
the  bacilli  of  diphtheria  and  plague, 

Neisser's  Method." — Smear  and  ^\  in  the  nsual  manner. 

Stain  for  two  to  five  seconds  in  the  following  solution: 

Meth.Tlcne-blue   1  gm. 

Abi»olute  alrnhol    20  e.e. 

Gloj^ial   iLcetic  acid 50  e.c. 

Distilled  water 1,000  o.c. 

Wash  in  water. 

Count  erstain  in  0.4  per  cent  aqueous  Bismarck  brown  solution 
for  fi\Q  seconds. 

By  this  nu^thod  polar  iKidies  are  stained  blue,  while  the  bacillary 
bodies  arc  stained  brown. 

Carbol  Thionin: 

Saturated  Mlation  of  tbioain  in  50%  alcohol 10  cc. 

£%  aqueouK  eoIutioDB  of  phenol 100  ex. 

Stain  one  to  three  minutes. 

See  ahK>  Tolmdin  Blue  solution  given  on  page  115. 

Polychrome  Stains, — The  various  polychrome  stains  are  of  value 
to  the  baeteriologLst  chiefly  for  the  staining  of  pus  and  exudates 
where  the  relation  of  baeteria  to  cellular  elements  is  to  Ix*  demon- 
strated.  They  are  also  extremely  useful  in  the  study  of  fixed  speci- 
mens of  protozoan  parasites.  There  is  a  large  number  of  these 
stains  in  use ;  a  few  only,  however,  can  be  given  here.    In  principle, 

*  Quoted  from  Park  and  Williams,  Patbogenic  Microorgaoiams,  Lea  and 
Febiger,  Phils.,  1920. 

•ATffiMtfr,  Zcit.  f.  Hvij.,  utir,  1887. 
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all  those  stains  depend  upon  a  combination  of  eosin  and  methylene- 
blue,  these  elements  staining  not  only  as  unita,  but  acting  together 
in  combination.  One  and  the  same  solution,  therefore,  oontains  at 
least  three  elements  which  color  the  various  structures  of  the 
preparation  selectively. 

Jennkr'8  Method." — This  stain,  because  of  its  siniplieity,  is  use- 
ful for  routine  use.  It  is  made  up  as  follows:  Equal  parts  of  eosin 
(Oruebler,  **W.  G.")  one  and  two-tenths  per  cent  aqueous  solution, 
and  methylene-blue  (medicinal,  Urucbler)  one  per  cent  aqueous 
solution,  are  mixed  and  allowed  to  stand  for  twenty-four  hours. 
A  coarse  prranular  precipitate  is  formed  which  appears  dark,  with 
a  metallic'  luster  on  its  surface.  This  is  separated  by  filtration  and 
washed  with  distilled  wat«r  until  the  filtralc  appears  almost  clear. 

To  make  up  the  stain  0.5  ^sm  of  the  dry  precipitate  is  dissolved 
in  100  c.c.  of  methyl  alcohol. 

In  asinpr  the  stain,  preparations  are  not  fixed,  but  simply  dried 
in  the  air  and  immersed  in  the  stain  for  one  to  two  minutes.  After 
this,  wash  in  distilled  water  and  examine. 

Wrioht'r  MomncATioN  op  Leibiiman*8  MErnoD." — A  one  per 
cent  solution  of  methylene-bhie  (Grueblel*)  in  five-tenths  per  cent 
solution  of  sodium  bicarlwnate  in  distilled  water  is  steamed  in  a 
sterilizer  at  100°  C.  for  one  hour.  After  This  has  cooled,  a  one-tenth 
per  cent  aque(»us  solution  of  eosin  (Oruebler,  W.  G.)  is  added  until 
a  metallic  sciun  appeai-s  on  the  siirface  of  the  mixture.  (About  five 
parts  of  eosin  solution  to  one  of  methylene-blue  is  necessary.)  The 
precipitnio  whieh  f(»rms  is  collected  by  filtration,  dried,  ami  a 
saturatod  solution  then  made  in  methyl  alcohol.  This  is  filtered 
and  diluted  with  one-<|uarter  its  bulk  of  methyl  alcohol. 

To  stain,  cover  th«»  dried  preparation  with  the  stain  for  one  to 
one  and  one-half  minutes.  Dilute  by  dropping  upon  the  stain  dis- 
tilled water  from  a  pipette  until  a  metallic  film  appears  upon  the 
top.  Leave  this  on  for  three  to  fifteen  mimites.  Wash  in  distilled 
water. 

Oieusa's  Method.^* — The  method  of  Giemsa  is  really  a  modifica- 
tion of  the  Romanowsky  method.  It  is  widely  applicable,  being  of 
great  value  in  the  staining  of  the  Spirochete  pallida,   Vincent's 


"Jenner,  Lancet,  i,  1889. 

"  WHfjhi,  Jour.  Med.  Research,  ii,   1902. 

*•  Gifmsa.  Cent.  f.  Bakt..  J,  xxxvii.  100-4. 
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Tbc  stftiti  has  been  modified 
•  M  fUttoviuK  bt'iug  the  formula  |;iven 
ivfvrw^l  to  as  azur  11  and  purclias- 
v\<  >*«r«*  mt»thylt;naxur  chloralhydrate 
^ktAu4il^^  ^^i  raethyleue-blue  chloralhydrate. 
<  .ft*  AAUr  ll-eosin  is  a  eombinatiou  of  this 


^  f  **rk. 


^11^^^  III)  a.s  follows /'' 


.■^  gms. 
3  gms. 


K'*A.'K  tut^lu^v  ^  Umvwghly  dried  over  sulphuric  acid  in  a  desjc- 

i\\i\  rubbrd  througji  a  fine  sieve.    It  is  then 

M\  IV  ftlyeerui  (Merck),  at  60^  C.    To  this 

.^\   ^Krtlilbnuni)   250  ce.,  previously  warmed 

U  \^olI  slmken  antl  allowed  to  stand  at  room 

IV^  ^>M  »»«.^  1^»»**>'  hours.    The  mixture  is  now  ready  for 


^V 


1^  ^^^  ^f  dlNttlled  water  are  poured  into  a  test  tube  and 
,-  ..f  0  '"lie  per  eeiit  potassium  carbonate  solutiuu 
,  M  i..«|Mi  ut  the  HtaiiiiiiK  solution  described  above  (one 
i\  ^fi,\  ttvv  mixed  with  this  slightly  alkaline  water.  The 
.»  M  bleb  Im  Io  Ih*  nlnincd  is  fixed  in  methyl  alcohol,  dried, 
d  \>Mb  Itii^  ililutid  Mtainin^  solution.  For  the  staining 
\  «nd  exudatcH  containing  bacteria,  ten  to  fifteen  minutes 
it  I'Nii  ibr  Ntniniiijf  of  Negri  bodies  or  SpirocIi«»te  pallida^ 
iv  houi'N  of  Mtnining  should  be  employed.  After  staining, 
MUnliitf  tnp  water  and  blot. 
WiMmV  *\U  I'lioo."" — Wood  has  devised  a  sim])le  staining  method 
\iikm*\\  uu  (ho  pt'hiel|)les  of  the  (iiemsa  stain,  in  which  axur  II  and 
Hi\m[\\  IMiky  li*  tl'^v't  I"  separate  solutions.  Preparations  arc  fixed  in 
ttil'ilitif  tH«iU«,vl  lilrtfhol  for  five  minutes  and  are  then  stained  in  a 
{\\  \\si\  »*ent  rtMWt''*"'*  Hohition  of  eosin  until  the  preparation  is  pink. 
')\bi^  iMwIii  In  Ihtui  poured  oiT  and  the  preparation  is  covered  with  a 
WW^  pel'  iH«nt  Mi|iit>ouH  solution  of  azur  II  for  one-half  to  two  minutes, 
hiliuv^  tMH  Ibtn,  it  is  washed  in  tap  water  and  dried  by  blotting. 


M    V 


*  ll  li  IhiiiI  not  to  attnmpt  to  make  up  tho  tindilntod  Btainint*  fliiiil,  siocv  tbii 
III  |iiUf*hHSNl(l«<  untlvr  fltc  nurne  of  "Oieniaa  Losung  fiir  Rumanowaky  Kiirbiing. " 
•*  M  ...11*.  Mr.l.  New*.  R:J,  m»3. 


MICROSCOPIC  STUD\'  AND  STAINING 


1» 


When  an  intense  stain  is  desired,  the  solution  of  cosin  and  azur 
II  may  be  flooded  over  the  preparation  together,  using  an  oxeesa 
of  azur  II.  They  are  then  left  on  from  five  to  ten  minutes.  At  the 
end  of  this  time  wasiiinp:  and  drying  as  before  complete  the  proeosa. 

The  Staining  of  Bacteria  in  Tissues. — The  preparation  of  tissue 
for  bacterial  staining  is,  in  general,  the  same  as  that  employed  for 
purposes  of  eeliular  studies,  in  histology.  Vov  baeteriological  studies 
the  most  useful  art*  alcohol  and  Zenker's  fluid.  Other  fixations, 
such  as  that  by  formalin,  or  Mueller's  fluid,  give  less  sstisfaelion. 
In  other  respeets  the  details  of  dehydration  and  embedding  are  the 
aame  as  those  used  in  histological  studies,  except  that  it  is  desirable 
that  the  tissues  should  be  handled  rather  more  carefully  than  is 
necessary  for  ordinary  pathological  work,  and  the  changes  from 
the  weaker  to  the  stronger  alcohols  should  be  made  less  abruptly.*^ 

Embedding  in  paraffin  is  preferable  to  celloidin,  although  the 
latter  method  is  not  unsuccessful  if  carefully  carried  out.  The  chief 
disadvantages  of  celloidin  aiv  the  retention  of  color  by  the  celloidin 
itself  and  the  consequent  unclearness  of  difTerentiation.  It  is  also 
easier  to  cut  thin  sections  from  paraflin  blocks  than  from  those 
prepared  with  celloidin. 

Wlien  staining  tissue  seetions  for  bacteria,  it  is  most  convenient 
to  carry  out  the  process  vrith  the  section  attached  to  a  slide.  For 
celloidin  seetions  this  may  be  accomplished  by  means  of  ether  vapor. 
For  paraffin  sections  it  is  necessary  to  cover  the  slide  with  an 
extremely  thin  layer  of  a  filtered  mixture  of  equal  quantities  of 
egg  albumin  and  glycerin*  to  which  a  small  crystal  of  camphor  or 
a  drop  or  two  of  carbolic  acid  has  been  added.  The  sections  are 
then  floated  upon  a  slide  so  prepared,  and  set  away  in  the  thermostat 
for  four  or  five  hours. 

LoEFFLER's  Mkthod.^" — Staitt  in  alcoholic  methylene-blue  solution  five  to 
fifteen  minutes,  or  in  Loeffler's  alkaline  methylene-blue  solution  one  to  twenty- 
fonr  hours. 

Wash  in  one  to  one-thousond  acetic  acid  solution  for  about  ten  seconds. 

Treat  with  absolute  alcohol  by  pouring  the  alcohol  over  the  preparation 
for  ten  to  twenty  seconds. 

Clear  with  xylol. 

Mount  in  balsam. 


"  For  details  of  such  work  reference  should  be  had  to  the  atandard  textbooks 
00  pathological  technique,  notably  the  very  excellent  one  of  Mallory  and  Wright. 
'^LoegtcT,  Mitt.  a.  d.  kaia.  Gcaundheitsamt,  ii,  1884. 
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•iN  ^        .  'V  r  *  r    ,  etioiw  Brv  «latnc(l  i«  this  way  ninety-live  per  cent  aleohol 
^  ;  u>i  KUv  til^otiitc.     A  iuiuiIht  ut'  uther  staining  soiutiona 

4|MUr  ^  HMti  ^U  U^  Miuif  wny,  aqueous  fuc^isin  or  aqueous  gentian-violet 

HsIvU^w  |Im«  unit  of  a  ten  per  cent  aqueous  solution  of 
U>  (  i\tr  a  tvw  ttVitoiiiU  after  washing  with  the  acetic  acid. 

>\   alto  hv  Htniiu'd  by  placing  them  over  night  into  a 

^lii.4.. ,.*  iiiilullun   (one  drop  to  each  c.c.  of  distilled  water). 

\Vln^»  m  «Ui«vil  lh«»  Horlioiw  must  not  be  run  through  the  weaker 
aU>^dtuU  hut  UUUit  bo  rapidly  di^crcntiated  in  absolute  alcohol, 

KU'dhu*    ■  -   MKi(  niiAM-l*OMrTivK  Bacterm  in  T1H8UE  Sections. — 

4^M«'«t^U  A'  ^  •<'•»'  llxinw  htt'tiim  to  the  slide  by  pre-iaurp  with  a  filter 

U*M<M  \H^  Kv  0Ow  vapor,  novrr  with  Hnihn-water  gentiHii-violet  live  minutea. 

IVmu  1*11  f^«(<M  of  "lain  and  cover  with  Gram's  iodin  sohition  for  two 
UtiV^>U«      ItvoiihaUtt   vsith   ninoty-flve  per  cent  aloobol  until  no  more  colur 

HOWNi  m\> 

^kL.iu  .f^iiiti|,Y   w(Ui  eoiiin-alouhol    (ninety-five  per  cent  alcohol  to  wliicL 

ll^t  .  haa  lifrii  nddrd  to  give  a  traniiparent  pink  color;  about  1:15). 

VI  iti  lid  III'  origanum   <od  of  orijrannm,  2o  c.o.  and  eosin  alcohol. 

Ma  '•..1)1    t  t*,i*  I      IMot  nnd  mount  in  balsam. 

K|Nthi|la    kVvclirMM. —Stain    wilh    nnilin-water    gentian-violet    five   to   ten 

\V«<tlt  *n  watHf. 

\\\\\\\  with  fli-niM'fi  iitdin  solution  one  minute. 
^-  VVmIi  Im  water. 

^^iMndiilUr  tvllh  fihHolutc  alcohol  until  iiu  more  color  cornea  out. 
HiU'HY   Ih   K.vlol. 

^T  KlituMi  In  haUani. 

."»  W'ttifprt   Mfthoii.*^' — {For   celloidiu  sections.) — Stain   for  one-half 
tvMM    m  lht<  following  frwidy  tlltered  sohition: 

*  ^mUai)   -  3-5  grams. 

HHdiratcd  aqueous  dolution  of  lithium  carltonatc 100  c.c. 

m<liYilialr  in  ninety-five  per  cent  alcohol. 

Nurk  Muliou  to  shflt'  with  ether  vapor, 
flhdn   in  nni)in*water  gentian-violet  for  five  to  fifteen  minutes  (or  in  a 
MtniidiMl  aohdion  of  aqueous  cryalnl  violet  diluted  wifli  water  one  to  ten, 
Iiu*  Iti  llt'triMi  minu((*8). 

\\'aiili  in  phyHiolojricnl  .«wilt  solution. 

t 'liver  with  Oram'j*  iodin  solution  «>nf*  to  two  minutes. 

Waih  In  watar  and  blot. 


■#Hiff<Hi,  r«rtarhr.  rt.  Meil..  v,  1887. 
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DcooloruBe  with  aailin  oil  until  no  morg  color  comes  off. 
Hub  botb  detM>loLuu;h  uiid  (l«h>(ii-Htes. 
Treat  with  xylol.    Mount  in  balsam. 

Method  fob  Oram  Positive  and  Obam  Nbgative  OROXNisiia  in  Tisscks, 
Re(X)mmended  by   PaPPBN'HEIUEB. 

Fixation:  Zenker  preferred.     Formalin  or  nleohol. 

Paniftin  seetions.  ri  mu  or  less. 

Kfnininif: 

1.  Stirling'H  Gentian  violet — 6  minutes. 

2.  Oram's  iodin — 1  minute. 

3.  Anilinf  oil — or  aniline  oil — xylol.     Deeolorae  to  pale  violet. 

4.  100%  ale.     Few  seconds  only. 

5.  Distilled  water. 

6.  Aqueous  saffrariin.     ^2%  30  seconds. 

7.  Distilled  water. 

8.  Blot.     100%  nlc.     Few  seconds  only. 
i».  Clear  in  xylol. 

Gram-Weiqebt  Method  (for  paraffin  sections). — Preferably  Zenker's 
fixation : 

1.  Stain  sections  ligbtly  in  aluui-hematoxylin. 

2.  Wash  in  running  water. 

.'J.  Four  per  cent  aqueous  solution  soluble  in  water,  five  minutes  to  one- 
lialf  Lour. 

4.  Wash  in  water. 

5.  Aniline  methyl-violet,  one-half  to  one  hour, 

6.  Wash  oflF  with  water. 

7.  Lugol's  solution,  one  to  two  minutes. 

8.  Wash  off  with  water. 

9.  Blot  with  ftUer-paper  and  dehydrate  and  rlear  in  several  changes  of 
aniline  and  xylol,  etiunl  parts,  or  in  aniline  oil  alone. 

10.  Wash  off  with  xylol. 

13.  Mount  in  xylol-eolophonium. 

Mallorv'b  Eosin  and  Methylene-bluk  Staik. — For  paraffin  sections 
after  Zenker's  fixation  only : 

1.  Stain  paraffin  sections  in  a  5  per  cent  aqueous  solution  of  eosin  for 
twenty  minutes  or  longer.  Sometimes  it  is  advisable  to  get  a  deeper  eosin 
slain  by  placing  the  sections  in  the  paraffin  oven  for  fifteen  to  twenty  minutes. 

2.  Wash  in  water  to  jret  rid  of  excess  of  eosin. 

3.  Stain  in  Fnna'.s  alkaline  methylenc-blue  solution,  diluted  *4  or  5  with 
water,  for  ten  or  fifteen  minutes. 

4.  Wash  in  water. 

5.  Differentiate  and  dchydrule  in  a  diah  of  95  per  cent  alcohol,  to  which 
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added  a  few  dropi  of  a  10  per  cent  solution  of  eolophonium  in 
sbaobitc  aleobolf  keeping  th«  t>ectioii  in  coiislAnt  motion,  so  that  the  d^f^uloriza- 
tioD  shall  be  anifonn.  Control  the  remit  under  the  microscope.  When  the 
pink  color  bas  returned  to  the  section  and  the  nuclei  are  still  a  deep  blue, 
finiKh  the  dehydration  quickly  with  abaolute  alcohol 

6.  Xylol 

7.  Xylol  baUam. 

Hrraop  or  Staikiko  fob  Tubkrcle  Baoilli  in  8gctiok8.*" — Paraffiu 
Sfctiotts. — Stain  in  carbol-fuchsin  solution  hot  for  five  minutes  (or  better 
cold,  for  twenty-four  houm). 

^Vash  in  water. 

Deeolonse  and  oount'irataiB  in  Oabbet^s  methylene-blue  sulphuric  acid 
mixture  for  onv  minute. 

Wash  in  water. 

Dehydrate  in  ab«olute  alcohol. 

Clear  in  xylol 

Mount  in  bahuim. 

Cclloidin  AVcf •<*«."— Stain  It^tly  in  alum  hematoxylin. 

Wash  in  water. 

Dehydrate  in  nincty-flva  per  cent  ntcnhol 

Attach  thtr  iilide  by  e<h«r  va|Hir. 

Htain  with  ateaming  carbol-fuchiiin  two  to  five  minutes. 

Wash  in  water. 

Wash  with  Orth's  arid  alcohol  (alcohol  ninety  per  cent.,  09  c.c;  cone. 
HCI,  1  C.C.)  one-hnlf  t«  ono  minute. 

Wash  in  water  wrt-eral  changea. 

Treat  with  ninety-five  per  cent  alcohol  until  red  color  is  entirely  gone. 

Blot  and  cover  with  xylol  until  clear.    Mount  in  balsam. 

Method  ok  Staimku  A«niNO«yrKM  is  SKtTioNit. — Mailofy'$  Method*^ 
— 1.  Stain  deeply  in  saturated  aqueoutt  eosin  ten  minntca. 

2.  Wash  in  water. 

3.  Anilin  gentian-violet  two  to  five  minutes. 

4.  Wash  in  normal  valine  solution. 

5.  Weigert's  iodin  solution    (i(»din  1,  KI   2, 
minute. 

6.  Wash  in  water  and  hlot. 

7.  Clear  in  nnilin  oil. 

8.  Xylol  several  chanffcs. 

9.  Mount  in  balsam. 


and  water  100   parts)   one 


•Affl/torv  and  WHght,  »•  Pathol.  Tech.,"  p.  418. 

*'  After  Matlorff  and   STrigHt. 

«A/tti/orv  anil  n'riffhi,  "Pathol.  Tech.,"  1904. 


CHAPTER   Vn 

THE    PREPAHATION    OF   CULTURK    MKI>IA 

GENERAL   TECHNIQUE 

The  successful  cultivation  of  bacteria  upon  artificial  media  re- 
quires the  establishment  of  an  environment  whieh  shall  be  suitable 
in  regard  to  thi'  presence  of  assimilable  nutritive  material,  moisture, 
and  osmotic  relations.  These  requirements  are  fulfilled  in  the  com- 
position of  the  nulnent  media  described  in  another  Hection,  media 
whieh  are  to  some  extent  varied  aceording  to  the  special  require* 
ments  of  the  bacteria  which  are  to  be  cultivated.  If  cultivation, 
furthermore,  is  to  have  any  value  for  scientifif  study  of  individual 
apecies,  it  is  necessary  to  obtain  these  species  free  from  other  varie- 
ties of  microorganisms,  that  is,  in  pure  cultxire.  and  to  protect  such 
cultures  continuously  from  contamination  with  the  other  innumer- 
able species  which  are  everywhere  present. 

The  technique  which  is  employed  for  these  purposes  has  been 
^adualty  evolved  from  the  methods  uri^pnally  devised  by  Pasteur, 
Koch,  Cohn,  and  others. 

Bacterial  cultivation  is  carried  out  in  (glassware  of  varied  con- 
struction, the  forms  most  commonly  employed  beinp  test  tubes  of 
various  sizes,  Erlenmeyor  flasks,  the  common  Florence  flasks,  and 
Petri  dishes.  All  glassware,  of  course,  must  be  thorouRhly  cleansed 
before  bcinp;  used. 

Preparation  of  Olassware. — The  cleansing  of  glassware  may  be 
aeeompliHhed  by  any  one  of  a  number  of  methods.  New  glassware 
may  be  immersed  in  a  one  per  cent  solution  of  hydrochloric  or  nitric 
acid  in  order  to  remove  the  free  alkali  which  is  occasionally  present 
on  such  glass.  It  is  then  transferred  to  a  one  per  cent  sodium 
hydrate  solution  for  a  few  hours,  and  follo\ving  tliis  is  washed  in 
hot  running  water. 

In  the  case  of  old  glassware  which  has  contained  culture  media, 
sterilization  in  the  autoclave  is  first  carried  out,  then  the  glassware 
is  boiled  in  five  per  cent  soda  solution  or  in  soapsuds.     After  this, 

133 


: 


134 


mOT/XiY  AND  TECHNIQUE 


thorough  mpohanical  cleansing  is  practicod,  and  the  glassware  may 
be  treated  by  acid  and  alkali  followed  by  running  water,  as  given 
above.  These  last  steps,  however,  are  not  essentia!,  thorough  wash- 
ing in  hot  water  after  the  soapsuds  or  soda  solution  being  usually 
Hufncient  to  yield  good  results.  (")ther  workers  have  rocommoudcd 
immersion  of  the  glassware  after  mechanical  cleansing  in  five  per 
cent  to  ten  per  cent  potassium  bichromate  solulitm  in  twenty-tive  per 
cent  sulphuric  acid.  This  is  followed  by  thorough  washing  in  hot 
running  water,  and  drying. 

riean  flasks  and  test  tubes  are  then  stoppered  with  cotton,  whicli 
has  been  found  to  be  a  convenient  and  efficient  seal  against  the 
bacteria  of  the  air,  catching  them  in  the  meshes  of  the  fibers  ns  in 
a  filter.  The  technique  of  the  stoppering  or  plugging  of  glass  recep- 
tacles is  important,  in  that,  when  poorly  plugged,  sterility  is  not 
safegimrded,  and  the  purpose  of  culture  study  is  defeated. 

In  almost  all  laboratories  in  this  country  non-absorbent  cotton 
or  **cotton  batting"  is  used  for  the  plug.  In  a  few  of  the  German 
lalK)rat"rie8,  the  absorbent  variety  is  employed.  The  disadvantages 
of  the  latter,  especially  in  the  case  of  fluid  media,  are  obvious.  The 
plugs  should  fit  snugly,  but  not  so  tiglitly  tliat  force  is  necessary 
to  remove  them.  Care  should  Ik*  taken,  furthermore,  that  no  creases 
are  left  between  the  surface  of  the  glass  and  the  periphery  of  the 
plug;  for  these,  if  present,  may  serve  as  channels  for  the  entrance 
of  bacteria.  The  i)lugging  it.self  is  carried  out  by  tearing  a  small 
piece  of  cotton,  abciut  2x2  inches,  from  the  roll,  folding  over  one 
of  its  corners,  and.  applying  the  smooth  end  of  a  glass  rod  to  the 
folded  portion,  gently  pushing  it  into  the  mouth  of  the  tube. 

After  plugging  and  before  media  are  introduced  into  the  tubes 
and  flasks,  these  should  be  sterilized.  This  is  best  done  in  one  of 
the  **hot-air  stcrilizera,"  by  exposing  the  tubes  for  one  hour  to  a 
temperature  of  150**  C  If  greater  speed  is  desired  exposure  to 
180"  to  190°  {\  for  half  an  hour  is  usually  safe.  If  by  mistake, 
however,  the  temperature  is  allowed  to  rise  alwve  2tX)°  <\,  a  brown- 
ing of  the  cotton  plugs  occurs  and  the  glassware  is  apt  to  be  stained 
by  the  burning  of  the  fat  and  odier  organic  material  derived  from 
the  cotton.  Petri  dLshfS  after  cleansing  are  fitted  together,  and  then 
sterilized  in  the  hot-air  chamber  at  150°  C  for  one  hour 

Glassware  so  prepared  is  ready  for  the  reception  of  media. 

Ing^dienta  of  Culture  Media.— The  food  requirements  of  bac* 
teria  have  been  discus.scil  in  another  .Si'ctiou.     From  what  lias  there 
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Mid.  it  16  apparent  that  artificial  culture  media  must,  to  a 
certain  extent,  Im?  adjusted  to  the  peculiarities  of  iudividual  bacteria. 
In  the  cases  of  the  more  strictly  parasitic  microorgauisma  growth 
can  be  ohtaincd  only  by  the  most  rigid  observance  of  special  require- 
ments. For  the  large  majority  of  pathogenic  bacteria,  however, 
routine  or  standard  media  may  be  employed,  which,  while  slightly 
more  favorable  for  one  species  than  for  another,  are  auffieiently 
general  in  tlieir  composition  to  permit  the  growth  of  all  but  the 
moat  fastidious  vari^tii'S. 

The  basis  of  many  of  our  common  media  is  formed  by  the  soluble 
constitnrnls  of  nuat.  These  substances  are  best  obtained  by 
zuact?ratiiiK  ^^  giams  of  lean  beef  iu  1.000  e.c.  of  distilled  water. 
The  mixture  is  allowed  to  infuse  in  the  ice  chest  over  night,  and 
then  strained  through  cheese-cloth.  To  this  infusion  are  added  the 
other  re<inired  fnustitucnts  in  the  manner  given  in  the  detailed  in* 
^(truetions  l)elow.  The  soluble  constituents  of  meat^  however,  may 
%\80  bt'  proeurt'd  iu  a  simpler  way  l>y  the  use  of  the  eommereial 
Bleat  extracts,  such  as  that  of  Liebig.  These  extracts  are  dissolved 
in  quantities  of  five  grams  to  the  liter,  and  other  constituents  are 
added  to  tliis  nutrient  basis. 

Though  simpli'r  to  make,  the  meat-extract  media  are  less  favor- 
able tor  the  cultivation  of  the  more  delicate  organisms  than  are  the 
media  made  diicctly  from  fresh  meat.  Xevei-thele.ss,  they  suffice 
for  the  rultivation  of  the  large  majority  of  tlie  more  saprophytic 
pathogenic  microorganisms  and  hold  an  important  place  in  labora- 
tory technique. 

The  ingi'edienls  and  nietbodn  ustd  in  various  laboratories  in  the 
preparation  of  such  standard  media  should  be,  as  much  as  possible, 
uniform,  in  order  that  confusion  in  results  may  be  avoided;  for, 
as  is  well  known,  the  biological  characteristics  of  one  and  the  same 
bacterial  species  may  vary  considerably  if  gro\vn  on  media  differing 
in  their  composition. 

A  committee  of  the  .\meriean  Public  Ilealth  Association,'  ap- 
pointed in  1897  for  the  sake  of  standardizing  the  methods  of  prepara- 
tion of  media,  recommended  that  the  following  rules  should  govern 
the  choice  of  ingredients: 

1.  Distilled  water  should  be  used  in  all  crises.     (This  is  not  necea- 


'Bep.  Cora,  of  AniPr.  Bart,  to  Otrm.  of  Amer.  THib.  KealA  'Abbh.   Meeting, 
Pbiladflphia,  Sept.,  1897. 
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sary  for  routine  laboratory  media  if  the  oonstitiition  of  the  tap 
water  is  known  and  controlled  from  time  to  time.) 

2.  The  meat  used  should  be  fresh,  lean  beef  (when  veal  or  ehicken 
is  substituted  the  ehange  should  be  stated). 

3.  The  pcpton  used  should  be  Witte's  peptou,  dry,  made  from 
meat." 

4.  Only  C.  P.  Nat'l  should  be  used. 

5.  ForalkalinizingC.  P.  sodium  hydrate  sluiuld  he  used  in  normal 
solutions. 

6.  For  aeidification  C  P.  hydroehlorie  aeid  in  normal  H*ilution 
l^uld  be  used, 

'    7.  AVhen  glyceriu  is  iwed,  this  should  be  of  the  neutral  redistilled 
variety. 

8.  The  a^ar-a^ar  employed  should  hi-  of  the  finest  grade  of 
conimereial  tiiread  agar. 

9.  The  gtdatin  should  be  the  eomraereial  sheet  gelatin  washed  as 
free  as  possible  of  aeid  and  impurities. 

10.  Chemieals  and  i-arbohydrates  which  are  used  should  be  as 
nearly  ehemieally  pure  as  possible. 

Titration  of  Media.— Next  in  importance  to  the  aetual  oomposi- 
tion  of  media  is  the  adjnstmeiit  of  their  reaction.  Bacteria  are 
highly  susceptible  to  varations  in  the  acidity  and  alkalinity  of  media, 
excessive  degrees  of  either  may  completely  inhibit  development  or 
moderate  varations  may  lead  to  marked  modiiieations  of  cultural 
characteristics.  It  is  necessary,  therefore,  to  adjust  the  reaction 
both  for  the  sake  of  favoring  growth  and  in  order  to  insure  uni- 
formity of  growth  characters.  This  is  accomplished  by  titration 
which  is  best  carried  out  according  to  the  recommendations  of  the 
committee  mentioned  above. 

Older  Metiiod  of  Direct  TrrBAXiON. — The  color  indiofltnr  employee!  for 
the  titration  is  a  five-tenths  j)er  cent  solution  of  plicnolphthalein  in  fifty  per 
oent  alcohol.  The  chief  advantage  of  this  indicator  over  othen*  is  due  to 
the  fiict  that  it  indirates  the  prcsentre  of  organic  acid  and  acid  cuuipounds 
in  its  reaction.  For  actual  titration  ^  f-Jj^  normal)  solutions  of  aodium 
hydrate  or  of  hydrochloric  acid  are  used.  Since  media  in  the  process  of 
preparation  are  usually  acid,  the  NaOU  solution  is  the  one  most  frequently 


'Since  the  w%t  mnn.v  domestic  pcptons  have  been  introdacrd  and  can  be  uwd 
vHth  anrcpss. 
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^B«eded.  Five  cc.  of  (ho  medium  to  he  twitpd  is  measurod  nccurntely  in  A 
carefully  washed  pipette  and  trnnafcrred  into  a  porcelain  evaporating  dish. 
To  thia  are  added  45  c.c.  of  distilled  water.  The  mixture  is  thoroughly  boiled 
for  three  minuted  over  a  ffee  (lame.  The  boiUng  drives  off  COj,  giving  the 
true  neutral  point,  and  approxiumtes  the  conditions  prevaUine  during  the 
further  sterilization  of  the  medium  from  whieh  the  5  e.r.  have  been  taken. 
After  boiling,  1  c.c,  of  the  plienolphthalein  is  added.  If  the  medium  Is  aeid. 
no  color  is  present;  if  alkaline,  a  pink  or  red  color  appears.  The  ^  alkali 
or  acid  solution  is  allowed  to  drop  into  the  dish  from  a  graduated  burette. 
When  the  neutral  point  is  approached  in  nn  acid  solution,  each  drop  of 
Medium  hydrate  added  brings  forth  at  first  a  deep  red,  which,  however,  upon 
slight  stirring  with  a  clean  rod,  completely  disappears."  The  end  reaction 
ia  reached  when  u  faint  but  clear  and  dititinct  pink  color  remains  in  the  fluid 
after  stirring. 

When  titratiuK  alkaline  media,  tlie  addition  of  the  phenol phthalein 
produces  a  red  color  in  the  hot  medium  which  grHdualty  fades  upon  the 
addition  of  y^  lU'l,  heenminp  colorless  nt  the  end  point  of  titration.  Titra- 
tion should  hi'  done  quickly  and  in  a  hot  solution.  From  the  result  of  the 
titration  the  computation  for  the  neutralization  of  the  entire  btUk  of  the 
medium  can  be  made  by  a  simple  arithmetical  process  as  illustrated  in  the 
foUowini;  example: 

Let  us  suppose  that  we  have  used: 


2.6  c.c,  of^^NaOH  to  neutralize 
then  2.5  c.c.  of  ^  NaOU  will  neutralize 
and     25  c.c.  of  5  NaOU  will  neutralize  1,00(1  cc,  or  one  liter. 


5  CC  of  the  medium, 
100  c.c.       " 


I 


The  adjustment  of  the  reaction  of  media  is  largely  determined 
by  the  particular  uses  for  which  the  media  are  designed.  For 
examinations  in  the  practice  of  sanitation,  such  as  analyses  of  water, 
ice,  and  milk,  etc.,  the  American  Public  Health  Association  recom- 
mends a  standard  reaction  of  -f  1  per  cent  (the  plus  sign  is  used 
to  indicate  acidity,  the  minus  alkalinity;  +  1  per  cent  is  the  expres- 
sion used  to  indicate  that  one  per  cent  of  ^  sodiiuu  hydrate  solution 
would  he  required  to  neutralize  the  medium  or  10  c.c.  to  the  liter). 
For  general  work  with  pathogenic  bacteria,  tlsc  most  favorable 
reaction  for  routine  media  is  slight  alkalinity,  neutrality,  or  an 
acidity  not  exceeding  +  1  per  cent. 


'See  standard  textbooks  on  volumetric  analysis. 
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lilOUKtY  AND  TfX^HNIQTJE 


I  Tjik  (ioumtUKTHic  Mbtuoii  <>p  Titration  1 

r^^t^  mf^hwl  jflvi-n  nUiwv  \»  no!  an  accurate  one  because,  in  tha 

f  of  iMilOin*   imdin,   wr  nre  di-aliiig  with  solutions  which 

*,.,,, n...     '.•-;•!' tfilili.  ijuanlitii'M  nf  matrmlH,  such  as  peptone,  pro- 

kfUmt  I'l  ,  ffic>,  which   have  an  action  which  is  spoken  of 

■■kl#<All/  <t«  titiit  of  u  "liiilTiT."    Thin  term  signifies  the  power  of 

^H^  9iH\mt»nt*fm  lo  oft|i<»H(*   ehrinK^'H  in  reaction.     The  degree   of 

^H|fy(r"  iM'ihth,  N«  ikhown  Uy  a  imniher  of  writers,  but  recently  in 

^Kffrlififi   w)Hi    lin<!trri(ilo|rlcal   work    pnrtieularly   by   Clark   and 

^Bk/  '  \9*trl\oi\nir  to  lh<'  eoneont ration  of  the  eonstitnents,  and 

^^*  'ii'i'  i»r  Ihi-  nrlhjn  U  that  vohimotrienlly  proportionate 

limtniriim  tif  nH/1  or  alU/iM  added  to  Mueh  solutions  do  not  change  the 

f*A/'fi</ri  In  Ihe  naiiir  proportion**,     (-urves  found  in  the  paper  of 

trhiih   and  Uu\m  'Itrd  ahovr,   will   make  this  sunieiintly  ek-ar.     In 

\^mm*4\\U'Ui'tif  when  we  titrate  5  cubic  centimeters  of  the  medium 

ii4  In  tiM'  old  nirthorl,  tn  iljr  mutrul  ]>oint  of  phenolphthalein,  we 

ffOitld  hriiitf  thif  I'htire  nii'dia  to  tlu*  neutral  point  of  plienolplithalein 

l#y  adding  proportionate  amountn  of  aeid  or  alkali,  but  we  cannot 

/orrtclj  th.*  i\uii\  hyfb'ogcn  htfi  rtirji-i-nlration  attained  in  the  medium 

by  addln((  fradlouM  nf  thiH  total  amount.    It  is  plain,  therefore,  that 

to  niak^  an  acmirAte  adjuMtment  of  media  it  would  be  better  to 

I  apply  *'ilio'r  an  rlrrlrodc  method  or  a  eolorimetrie  method  to  the 

nn'(lium«  adjuKtlnir  to  a  Htandard  of  known  hydrogen  ion  eoneen- 

tration.    The  potmtlometer  methods  have  been  considerably  simpli- 

fl<^d,  and  liave  Iwvn  applied  by  mm  likr-  Clark  and  Luhs  and  others 

.who  are  tlioroughly  versrd   in  tlu-  handling  of  sueh  instruments. 

I  For  routine  laboratory  work  eolorimetrie  methods  have  been  in- 

trodticed  whieli.  an  uwd  by  others  and  by  us.  have  checked  up  quite 

accurately  with  ])otentiomt'trr  measurements. 

Before  dcHenbing  the  method  at  prewnt  in  use,  it  will  be  best 
to  say  a  few  words  about  the  nonunelaturc  used  at  present  for  the 
fxpression  of  hydrogen  ion  eoneentrations. 

The  Mkamno  ok  P^,  The  hydrogen  ion  concentration  of  pure  water 
I»  0.0000001,  This  is  more  simply  expressed  as  1X10"^.  Since. 
In  puro  water,  hydroxyl  ions  are  equal  in  concentration,  t«  the  hydro- 
gen ions,  and  the  hydroxyl  ions  are  also  1 X  10~",  and  this  i?  the  neutral 


*('1nrl  nnil  Luhn,  Jour,  of  BRcter..  2.  1917,  1.  100,  Iftl. 
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point.  SolutioDs  in  which  ibe  hydrogen  ion  concentntioQ  is  iece  ih&n 
1X10~~  vA<^  the  hydroxyl.  therefore,  more  than  IX  10~~  &re  alkaiiii. 
and  vice  versa.  This  method  of  expression  o^ers  certain  difficulties 
to  the  piotting  of  cuives,  and  it  has  been  found  simpler  for  such  purposes 
to  pkK  curves  accordinc  to  the  logarithms  of  the  expreasioL^  used 
above.  Soreosen  '  ha.*  initiated  a  method  of  doiiig  this,  ty  ic:ro» 
ducing  the  symofA  Fm  which  signifies  the  logarithir»  o:  tLe  recipiocal 
of  the  hydrogen  ion  conoentr&ticA.  espzeaeed  a£  abo^'e.  thus.  Ps  ec'^sus 

logoff.. 
Thus,  if: 

=  >«  V«»  =  3.7. 

Another  way  r-:  c^'/iiie  i"  ".ii-  i-  ir  ii-Ix-wa; 
SuppueiLg  rha;. 

;h>2'  :v-' 

or, 

tee.  1=0. 
>j«.  2  =  *.'  ; 

fce  :•-•-= -^. 
Tfe<ar::«r. 

?-  =  >«  - — ^— ^ 

or. 

«xprvsaB^^i  "'■  •-'  ?>•»-■ 
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The  Colorimetric  Metuud  ok  Titr.vtion 

The  method  given  above  is  not  an  accurate  one  because,  in  the 
titration  of  culture  media,  we  are  dcaiiiiH;  with  sohitians  which 
contain  considerable  quuntities  of  materials,  such  as  peptone,  pro- 
teins, pliosphatos,  etc.,  which  have  an  action  whieh  is  spoken  of 
technically  as  that  of  a  '*buffcr/'  This  term  siRuifies  the  power  of 
these  substances  to  oppose  changes  in  reaction.  The  degree  of 
**bulTer*'  action,  as  shown  by  a  numl>er  of  writers,  but  recently  in 
connection  with  bacteriological  work  particularly  by  CMark  and 
Lnbs.*  is  propoilionate  to  the  concentration  of  the  constit\u*nts,  and 
the  consequence  of  the  action  is  that  volumeti-if*alIy  proportionate 
amounts  of  acid  or  alkali  added  to  such  solutions  do  not  change  the 
reaction  in  the  same  proportions.  Cin-vi'S  found  in  the  paper  of 
Clark  and  Lubs  cited  above,  will  iimkc  this  sufficinitly  ele*nr.  In 
consi'quence,  when  we  titrate  5  cubic  centimeters  of  the  niediimi 
as  in  the  old  method,  to  the  neutral  point  of  phenolphthah-in,  we 
could  bring  the  entire  media  to  the  neutral  point  of  phcnolplithalein 
by  adding  proportionate  amounts  of  acid  or  alkali,  but  we  cannot 
foretell  the  final  hydrogen  ion  concentration  attained  in  the  medium 
by  adding  fractions  of  this  total  amount.  It  is  plain,  therefore,  that 
to  make  an  accurate  adjustment  of  media  it  would  be  better  to 
apply  either  an  cleetrode  method  or  a  colorimetric  method  to  the 
medium,  adjusting  to  a  standard  of  known  hydrogen  imi  ctnicrn- 
tration.  The  potentiometer  methods  have  been  considerably  simpli- 
fied, and  have  Immmi  applii»d  by  men  like  (Inrk  an<i  Lubs  and  others 
who  are  thoroughly  versed  in  the  handling  of  KUtdi  instruments. 
For  routine  laboratory  work  colorimetric  methods  Jiave  bcien  in- 
trodiiced  which,  as  used  by  others  and  by  us,  have  checked  up  quite 
accurately  with  potentiometer  moa.su remenls. 

Befon*  describing  the  method  at  present  in  use,  it  will  be  beat 
to  say  a  few  words  about  the  nomenclature  used  at  present  for  the 
expression  of  hydrogen  ion  concentrations. 

The  Meaning  of  P«.  The  hydrogen  ion  coueeutraiion  of  pure  water 
is  O.OOOOOOI.  This  is  more  simply  expressed  as  "IXIO"^.  Since, 
in  pure  water,  hydroxyl  ions  are  equal  in  concentration,  to  the  hydro- 
gen ions,  and  the  hydrf)xyl  ions  an!  also  1  X 10"",  and  this  is  the  neutral 


•Vtnrl  anil  Lubn,  Joiir.  of  Ba^tM.,  2,  1917,  1,  100.  101, 
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point.  SolutioiLs  in  which  the  hydrogun  ion  concentration  is  less  tliuu 
1X10""  (and  the  hydroxyl,  therefore,  more  than  1X10~')  are  alkahn, 
and  vice  versa.  This  method  of  expression  offers  certain  diHiculties 
to  the  plotting  of  oiirves,  and  it  has  been  found  simpler  for  such  purposes 
to  plot  curves  according  to  the  logarithms  of  the  expressions  used 
above.  Sorenscn  ^  has  initiated  a  method  of  doing  this,  by  intro- 
ducing the  pymbol  Ph  which  signifies  the  logarithm  of  the  reciprocal 
of  the  hydrogen  ion  concentration,  expressed  as  above,  thus,  P//  equals 

logofjij. 


Thus,  if; 


H«2X10-*, 


PH  =  log. 


2XI0-'' 

-log  5000-3.7. 

Another  way  of  getting  at  this  is  as  follows; 
Supposing  that, 

[H]  =  2X10-", 


or, 
Now, 


Therefore: 


or, 


Pff  =  log.  of  reciprocal, 

^''  =  *^s(2xi6^«)- 

log- 1  =  0, 
log.  2  =  0.3, 
Ic^.  10-«=-G. 

P,/=0-[+0.3-e]    or    5.7. 


'       The  fallowing  table  gives  the  relationship  of  the  old  inethiKl  of 
expression  to  the  new: 


*S^ren»cn,  Uiocbcm.  Zcit.,  19011,  21,  131,  2Ul. 


«> 


:i*s  OuMVfimtATioN    Ph  Value 


txW» 

1 

tXW~» 

2 

I XI*-* 

3 

VxW* 

4 

IXW-* 

5 

XXW-* 

6 

ixw-» 

7 

xxw-« 

8 

txio-» 

9 

ixio-" 

10 

•  ^::v   %^v  ^iMQUK^oc^  usiially  weak  organic  acids  or  bases 

'"^"^^"^        ^   u  -vUh  %W«  subjected  to  changes  of  reaction,  that  is, 

'"       ~       ^     .^    \>\kiv^«tt  \vp  hydroxyl  ion  concentrations.    A  table 

■  ^'"  '^     ^^^v   «vwi :%  ^^kWlWet  prepared  by  the  Army  Medical  School, 

■**     ^  ^      ^^^  .v»!w  :«*ctk«*  at  various  P^  measurements  for  a  number 

^  *. "^"^ 

„*sVvv    s  S^H.*.  1ftvK\*  or  DirFEWCNT  HyDROOBN  lOK  CONCBMTBATIOX  (2) 


-w 


.*v     Vi 


10-* 

io-» 

io-« 

10-' 

io-« 

io-» 

io-» 

ml 

Yellow 

— 

^ 

^ 

*— 

♦— 

NvUv^w 

- 

- 

- 

Rose 

Red 

- 

- 

^«K»» 

Violet 

Reddish 
violet 

Orange 

Orange 
red 

- 

^ 

^ 

K«^l 

- 

-^ 

Reddish 
violet 

Violet 

Bhie 

*- 

*- 

■ 

-* 

-" 

— ♦ 

— ♦ 

-" 

Red 

.^,iKHWW 


^»^i^  -^kI  tu^^  i^rticularly  have  been  responsible  for  introducing 

^^x^s)  ^^  l^wsMmt  in  use  in  bacteriological   laboratories,   based 

^   ;v  iHVV«^v«tHm  of  solutions  which  can  be  used  as  standards  for 

K    \\\suiK*»v  HHW*urement8  of  culture  media.    The  solutions  must 

^   XV  ^v   v^Vt\U(>'  prepared,  and  should,  whenever  possible,  be  con- 


'\v  |M.^w»twmet€r  measurements; 


with  proper  care 
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iuid  the  use  of  pure  aubatances  by  a  reliable  worker,  this  may.  with 
reasonable  safety,  be  omitted.  The  principle  of  mftking  the  dilutions 
18  that  carefully  measured  amounts  of  molecular  solution?  of  arid^ 
and  alkalis  are  mixed  in  series  so  that  each  successive  tube  shall  con- 
tain a  definite  hydrogen  ion  coiicentnition.  These  tulx»fi  are  the 
standard.  Clark  and  Lubs,  in  the  first  of  the  series  of  papers  noted  above, 
cite  tables  of  mixtures  for  such  purposes,  with  a  range  of  Pa  extending, 
from  1  to  10.  For  the  exact  composition  of  all  of  these  mixtures, 
the  reader  is  referred  to  the  original  pap>er  of  Clark  and  Lubs,  page  2o. 
For  the  routine  of  the  ordinary  lalx)ratory  bacteriology,  only  tlie 
fourth  section  of  this  table  is  necessary.    This  is  as  follows: 


KH,P<J4— iNaOH 

5.8 

50C.C.  M/5KH,PO, 

3.72CJ3.  M/5NaOU 

Dilute  to  200  c.c 

6.0 

50C.C.  M/SKHiPO* 

5.70  C.C  M/5  NaOH 

Dilute  to  200  c.c. 

6.2 

SOc.c.  M/5  KHjPO, 

8  60  c.c.  M/5  NftOH 

Dilulo  to  200  c.c. 

64 

50c.o.  M/5KH,P04 

12  60  C.C  M/5  NaOH 

Dilute  to  200  c.c 

'6.6 

50  C.C.  M/5  KHtPOi 

17  80  cjc.  M/5  NaOU 

Dilute  to  200  c.c 

6.8 

50  C.C.  M/5  KH-PO, 

23  65  C.C  M/5  NaOH 

Dilute  to  200  c.c. 

7.0 

50c.c.  M/5KUjPO* 

29  63  cc  M/5  NaOH 

Dilute  to  200  c.c. 

7.2 

50  c.c.  M/6  KH,P<.^, 

35.00  c.c  M/5  NaOH 

Dilut*  Uy  200  c.c. 

7.4 

fi0c.c.M/5KH,PO, 

39  50  cc  M/5  NaOH 

Dilute  to  200  c.c. 

7.6 

50  CO.  M/5  KH.PO. 

42.WCC   M/5  NaOH 

Dilute  to  200  cr. 

7.8 

50  c.c.  M/5  KH,PO, 

43.20  c,c.  M/5  NaOH 

I>iluteto200cc. 

8.0 

50  CO.  M/5  KH,PO. 

46.80  0.C  M/5  NaOH 

Dilute  to  200  c.c. 

The  method  of  procedure  in  using  thcso  solutions  is  as  follows; 
From  the  solutions  made  above  a  colorimetric  sfah*  is  prepared.  All 
glassware  must  be  very  carefully  cleansed,  and  it  should  be  remem- 
lx*rcd  that  some  of  the  cheaper  glassware  obtained  in  laboratories 
at  the  present  time  often  seems  to  give  off  oonsiderahle  amounts  of 
alkali.  Whatever  method  of  cleaning  is  used,  the  final  thorough 
rinsing  must  be  done  thoroughly  with  redistilled  water.  10  c.c.  each  of 
the  respective  series  of  standard  mixtures  is  placed  into  each  test 
tube,  and  to  it  10  drops  of  the  indicator  are  added.  For  the  range 
from  6.8  to  8.4,  which  is  suflScient  for  all  ordinary  pathogenic  work, 
the  indicator  used  is  phenol-sulfon-phthalein,  or  plionol  red  in  con- 
centration of  0.02  per  cent  aqueous  solution.  If  ranges  from  6  to  7.6 
are  desired,  brom-thymol  blue  in  a  concentration  of  0.04  per  cent 
may  be  used,  and  when  ranges  just  above  8  are  desired,  cresol  red 
in  concentration  of  0.02  per  cent  is  recommended. 


A  gerieft  o£  ItibcB  RO  ^>T^parod,  o.ach  of  which  csontains  10  cc 
each  of  tho  graded  inixtAin^,  with  indicator  added.  >ita 

colonmotric  scale  aj^ainsl  which  the  mt*dia  can  he  slnii'i  t 

This  fltAndnrdization  i»  now  carriwi  otit  as  followa,  and  can 
utilizwl  for  iiiiy  nuMliii  which  aro  not  ton  hi^thly  (■(»lorc»l  and  not  tin 
Into  a  thoixiuRhly  doancMi  tost  tubo  2  r.c.  of  the  inediuni  arc  mpasii 
and  thifl  dihitod  with  8  c.c.  of  redistillml  wat«r.  10  drops  of  indicate] 
are  them  added,  and  aft4?r  thoroughly  tnixing,  a  color  reading  is  take 
jigainst  the  aoale.    If  tho  reaction  \»  too  acid,  a.s  in  u^nully  the  oaoi 

add  ^  NaOH  from  a  burette  or  gradtmte<l  pipette,  a  drop  at  a  tinm 

until  tho  color  matches  that  of  the  standard  tube.    By  calculatin 

from  the  amount  of  weak  alkali  added,  the  total  quantity  of  modi 

N 
is  tbea  brought  to  tho  desired  Pjr  with  —  NaOH.    In  the  titration  a 

agar,  Clark  and  Lulia  recommend  tliat  tho  broth  be  titrated  an 
adjusteJ  before  th«*  nd«iition  of  the  agar,^  in  onler  to  avoid  jjoftsihl 
colloidal  clmuKe.H  bt-tween  the  agar  and  the  indicator,  and  ihuL  (hi 
agar  be  added  after  the  adjustment  is  ma<le.  It  Is  possible,  howcvel 
witho\it  excessive  error^  to  carry  out  the  titrlition  of  media  containin 
agar  in  the  same  way  as  outlintMl  alwve,  tulding  told  water  to  th 
hot  agar,  and  making  the  compari»on  at  once  at  a  temperature  o 
35'^  to  40*'  befor«*  the  niixttire  has  jelled.  In  eolutiotiw  like  haetoria 
media,  which  have  a  certain  amount  of  color  or  some  turbulity, 
so-called  "comparator"  may  be  uaed  in  the  form  of  a  wooden  1 
painted  black  with  four  holes  for  test  tubes  and  a  slit  in  front  t\j\\ 
Ixihind,  w)  that  it  can  be  looked  through  against  a  HoiU'ce  of  ligh 
The  arrangement  of  this  is  given  in  tlie  following  cut : 


LtGHT  SOURCE 


EYE 


Am!iif(onu*iit  for  Utnuling  Titrntitrti. 
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Methods  of  Clearing  Media. — Charting  with  Eggs, — W^en  ciUture 
laedla  are  pn^ared  from  substaucvs  coutaiiiiug  uo  coagulablo  pro- 
tein, it  is  often  necessary,  for  purposes  of  elcariuf?,  to  add  the  wliitoii 
(>{  ti99S  and  then  to  heat  for  forty-live  iniriiite8  in  the  Arnold 
it«ciU<vn  In  the  following  detailed  descriptions,  the  directioi) 
"dear  with  c^"  hus  been  given  whenever  such  a  step  is  deemed 
oaCOHMiry.    The  exact  leelntiquc  of  sueh  a  i>roeedure  ih  hh  follows; 

In  a  suiull  pot  or  pan,  the  whites  of  several  eggs  (one  or  two 
to  each  liter  of  medium)  are  beaten  np  tboronphly  with  a  littlir 

T  (20  C.C.).  Thift  egg  wJiite  is  then  poured  into  the  lucdiuni, 
which,  if  hot,  aa  in  the  case  of  molted  agar  or  gelatin,  muxt  first 
be  cooled  to  about  50^  to  55 *"  ('.  The  mixture  is  then  thoroughly 
Ahaken  and  steamed  in  the  Arnold  sterilizer  for  thirty  minutes.  At 
the  end  of  this  time,  the  flasU  containing  the  medium  is  removed  from 
the  fiterilizcr  and  thoroughly  shaken  so  as  completely  to  break  up 
the  coagnlum  wliich  has  formed.  It  is  then  replaced  and  allowed 
to  ateain  for  anotlier  fifteen  minutes.  At  the  end  of  this  time  the 
tuediimi  between  the  eoagula  should  be  clear.  It  is  now  ready  for 
fiJtratioii  through  cotton. 

FiUcring  Media  through  Cotton. — The  filtration  of  media  aftei 
clearing,  either  by  the  addition  uf  eggs  or  by  the  coagulation  of  the 
proteinx  originally  contained  in  it,  is  best  done  through  nl^orbent 
cotton.  A  small  spiral.  improvist^I  of  copper  wire  is  plaee<l  as  A 
support  in  the  l)ottom  of  a  lerge  glass  funnel.  A  square  piece  of 
absorbent  cotton  is  then  split  honzontally  giving  two  sqimres  of 
equal  mzv.  Ragged  edges  and  incisures  should  bi<  avoided.  Tlu^e 
two  layers  of  cotton  are  then  plac<*d  in  the  funnel,  one  piece  above 
the  |ither  in  sueh  a  way  that  the  direction  of  the  fibei-s  of  IIh*  two 
layers  }»  at  right  angles  onr  to  the  other.  They  are  then  gently 
depressed  into  the  filter  with  the  closed  fist.  The  edg**8  of  the 
cotton  are  made  to  adhere  to  the  sides  of  the  funnel  by  allowing 
R  thin  stream  of  tap  water  to  run  over  thmi  wbll.-  xinot. thing  them 
against  the  glaas  with  the  hand. 

The  medium,  when  poui-ed  into  such  a  filter,  siiould  i>e  poured 
along  a  glass  rod  at  first,  to  avoid  running  down  the  sides  or  burst- 
ing the  filter.  After  filtration  has  begun,  the  filter  should  be  kept 
as  full  as  possible-  The  tirst  liter  or  so  which  comes  through  may 
not  be  clear,  but  the  fillxM*  gains  in  efficiency  as  the  coagulum  settles 
into  the  fibers  of  the  cotton,  and  the  first  yield  may  be  sent  tbrouglj 
a  seeond  lime.    Infiltration  of  agar  or  gtOatin  is  h<»«t  done  in  a  warm 


the  filter  covered  with 
tW  fttanel  and  filt^  should  be 

may  be  efficiently  cleared 

without  the  aid  of  coagula. 

^  Hi*  mc^a  describ<'d  in  the  fore- 

In  ordor  to  fill  these  tubes. 

M^  •  Iwicr  class  funnel  to  which  a  glass 

hr  mt^nn  of  a  short  piece  of  rubber 

-'v;-rih   p(»rk.      The   plug   is   then 

^iiliiiip  it  between  the  small  and 

•ml  the  irlass  outlet  is  thrust  deeply 

Vtivvt'nt  the  medium  from  touching? 

'hk  W«l  tulv  where  the  cotton  plug  will  be 

'.  ^t^  put  In  each  test  tube. 

M'si^k    iN  Wm/. — Media  which  contain  neither 

-1^1  serum  may  be  sterilized  in  the 

.    . ; .    for  fifteen  minutes  to  half  an 

Ihrae  or  other  substances  subject  to 

Mirr.  must   be  sterilized  by  the  frac- 

>    tiiinutes'  exposure  in  the  live  steam 

s  |\|i|p*  83)  on  each  of  three  consecutive  days. 

,  II  NlrHlfrationfi.  they  should  he  kept  at 

I    .•  iiinibHtor.  to  permit  the  germination 

iV  \^  iiiYaent.     Media  containing  animal  serum 

M.im  which  are  to  be  sterilized  without 

'     A  ill  wnter  baths,  or  in  hot-air  chambers, 

s  lu^  from  60*  to  70*  C.  by  the  fractional  method. 

ttlik  i»)ipo«nfeR  of  one  hour  on  succeeding  days 

It  id  cifton  dcidrable  in  bacteriological  work  to 

riti     'Pbis  is  frequently  necessary  for  the  sterili- 

iMi  Ml'  exudate  fluids,  or  for  obtaining  toxins  free 

l»\ir  Ihrne  pui-poHCB  a  large  variety  of  filters  are  in 

-Minii»nly  employed  are  of  the  Ohamberland*  or 

u  hiili  riMiHist  of  hollow  candles  made  of  unglazed 

i.ttonini«f>ous  earth.     Both  these  types  arc  made  in 

#vtt«4«*«  «•'  Amwipiw,  upon  which  depend  both  the  speed  of 


'^V  M*l  i  kHm^^riond,  Compt.  rend,  do  I'acad.  de*  B«i.,  18S4. 
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tiltratiou  ftiid  the  cfBeieucy.    They  are  made  in  various  foniis  and 
models*  AOiuc  uf  which  arc  shown  in  tho  accouipauying  figures.    In 


J 10.  10.— Berkefeld  Filtew 


FlQ.   11. — REICHEL  FrLTER. 

most  of  the  methods  of  filtration  commonly  employed  the  fluid  which 
is  to  be  filtered  is  sucked  through  the  walls  of  the  filter,  either  hy 


m; 
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I(«n«l  ftiifHon*pump  or  by  some  form  of  vacaam-pump  attached 
lo  t\\\  ordinury  w«t«MMiip. 

Hh*  lloUl•^^  tiltor  may  eitlKT  be  firm  into  a  cylin- 

\\Un\  uIhhw  *  iiimurv  and  surrounded  by  the  timu  wnich  is  to  be 

Jlll('i't<tl,  ui"  rUc  tlu'  cntidl*'  may  be  conneoteii  to  the  tollecthig  flask 

llh  ntorllo  luliinK  and  Kuspt^nded  freely  in  tlie  fluid*    Perfect  Alters 

'fif  IthHr  \y\u^H  will  hold  back  any  of  the  bacteria  known  to  us  at 

H|     l<*IMtM'it  bet'ort*  uao  mtist  be  sterilised.     The  candJes  themselves 

^B|'»>  Hiilijt'Otoil  to  Ifiil*'  V,  in  tlie  hot-air  sterilizer  for  one  hour.    The 

p^biHNutim  lutil  Wttuheni  necessary  for  setting  up  the  apparatus  may 

iHt  MltMilUtHi  \\y  Mlinic.     In  order  that  filters  may  be  repeatedly 

^\m^\\  wUU  kriMul  imihiII.  it  is  neeessary  that  they  should  be  carefully 

^^I'IMIihI  friMii  tluu^  l<»  time.    This  is  best  done  in  the  follonnnf?  way: 

^B     |t'lllt>|-N  thikiUtfh   ultieh   fluids  from  living  cultures  have  passed 

^lilii  fliHl  *h'iill*Md  In  ll>c  Arnold  steam  sterilizer.    Their  exterior  is 

tiM'U  onh'l'Mlly   eleaned  with  n  fine   brush.     Following  this  a  five- 

liMlltN    |it>l    oettl    Holiitlnn    of    potassium   permanganate    is    passed 

IliVOUiilt  HuMii  HHd  thU  atfaiu  removed  by  sucking  through  a  dye 

|M  I    tml   »mUtlltMi   iif  bUtili»l»ilc  of  soda.     This  last  is  washed  out 

Im    xi  miIImm  m  ytiMtabb'iHhlo  i|unntity  of  distilled  water  through  the 

llih't,  whioh  In  tlh'ii  di'bMl  and  sterilized  by  heat. 

i^ht)  N(l<>1|un  ni'ci'HHm'.v  I'or  filtration  tlirough  these  filters  is  usually 
inlt.  <t  \i\   itiitMti*  nf  llh<  onlinary  suetion-pump  attached  to  a  run- 


h 


MlH^MttM  t"    '  Mi'tid  inrdiM  wliich  are  to  be  used  in  slanted 

i\\\\\\  \\\  \s*\  I ^*l*l  *"'  iiirliiied  on  a  ledge  (easily  improvised 

S\i  ilutm  Ud»IU||i  lit  Ihv  propter  ulnnt,  after  the  last  sterilization. 
AH^Vv  \\\\^  iHvdIwiu  m*«»l  riMMiiimtly  <>mployed  in  this  way,  should 
(,    I  M  *.    'It    ...Mi-M  uHllt  hard, 

mt^il  U\  thU  place  go  into  details  concerning 

\\\\s  Wimy  Wf  lUdU'WUt**      KtM'  thi-  we  may  refer  the  reader  to  the 

,  "      '     t  »     h  ou  tl(i\'"IVlerminHtion  of  Hydrogen  lons."^ 

V  ,    iitdleuturH  are  ncjds  or  bases  wfiose  undis- 

,j  .  M|^(|yn  II  diftereiii  color  from  that  of  their  dis- 

r^  1    v^o)»oeptU»ii  has  been  sointwliat  modified 

.^1  coloi'  chalice!*  arc  found  to  be  associated 


I 
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Tntn  tantomeric  rearrangements  of  the  oriprinal  substaneoR,  and  the 
statt;  ol  ihcHc  substances  in  a  dissoeiati'd  or  undiswoL'iali'd  iorm 
determines  tlit'  eolor.  The  degree  of  dissoeiation  lU)  determined  b/ 
the  hydrcifrn  ion  coneentration  brings  ab(»nt  a  pri(loniinan<'e  of  one 
or  the  otlier  tantonierie  eomponnd.  and  the  eolitr  depends  upon 
which  one  of  these  eonii)ounds  is  associated  with  the  color.  Chapter 
three  of  Clark's  book  goes  into  this  matter  with  sufficient  thorongh- 
ness  for  hicteriologiea!  work. 

In  cultural  woi'k  not  many  indicators  are  needed.  For  the  actual 
titration  of  media,  the  necessary  indicators  arc  given  in  another 
section.  For  actual  addition  to  culture  media,  we  may  restrict  our- 
selves to  a  limited  mimber  of  useful  indicators. 

IMnkua  is  the  indicator  most  commonly  used  in  former  years,  is 
a  product  obtained  from  a  species  of  lichen,  and  is  ol>tainod  by 
oxidation  of  the  orcin  contained  in  this  plant.  Asolitniin  is  the 
indi<!ator  substance  in  the  litmus,  eliemieally  complex  and  not  com- 
pletely analyzed. 

The  litmus  solutions  used  in  the  preparation  of  media  arc  best 
made  up  as  follows:  Litmus  iu  substance — Murck's  puriiied,  or  Kaul- 
baun/s — is  dissolved  in  water  to  the  extent  of  5  per  cent.  The 
solution  is  made  by  heating  iu  an  Arnold  sterilizer  for  about  one 
to  two  hours,  shaking  occasionally.  The  solution  is  then  filtered 
throuj?h  paper  and  sterilized.  It  should  be  kept  sterile,  as  molds 
will  grow  in  it  otherwise. 

A  standard  litmus  solution,  -which  is  marketed  for  laboratory 
purposes,  known  as  "Kubol  Jirid  Tit^nijinn^s'*  solution,  nmy  be  used. 

Andradc  indicator  is  made  up  as  follows; 


0,6  per  cent  aquetyua  acid  fuchsln 100  c.e. 

Noriiiul  KaOH    16'  'O.e. 


rThe  red  color  fades  out  gradually;  the  indicator  should  be  yellow 
after  standing  two  or  three  hours.  If  it  remains  red  or  reddish* 
1  c.c.  more  of  normal  NaOH  may  he  added. 
Acid  production  turns  this  indicator  red,  due  to  the  neutralization 
of  the  alkali  present  and  the  liberation  of  the  acid  color  base.  The 
medium  in  which  Andradp  indicator  is  used,  must  be  adjusted  to 
the  neutral  point  of  this  indicator  which  is  equivalent  to  Vf,  7.2. 
The  reaction  of  the  medium  is  right  for  this  indicator,  when  the 
medium  containing  1  per  cent  of  thu  indicator  is  red  when  hot,  and 
colorless  \\'\w\\  cold. 


HB 
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China  Blue  Indicaior, — Mnke  up  1  per  eont  solution  of  China  blue^ 
hcAt  aluuMt  to  boilin((  tti  the  wutur  buth,  add,  drop  by  drop,  normal, 
Knoll  uiiltl  i'Otu\>U'\v\y  dt'<;olonxcti  Uso  1.5  per  cent  eonceut ration 
in  i/i4'diuni.  Tliis  indicator  KeeniH  to  be  much  less  toxic  than  some 
of  Ihp  othem,  and  hu»  bemi  used  with  success  particularly  by  Tea^ie,, 
Up  whom  wr  fxrv  indebted  fi»r  these  practical  details. 

St-ulral  Tiul  an  indicator  formerly  used  extensively  by  the  Ger- 
naiu  hi  the  proportiouN  of  1  c.c.  of  stuturated  aqueous  solution  to 
100  ir.c.  of  culture  medium.  It  has  b<»en  particularly  used  in  con- 
iM'dicHi  w\\h  the  eolon-lyphoid  ^ruup,  in  that  typhoid  bacilli  do 
IWI  rtianRe  1l«r  color,  whereas  U.  coli  decolorues  it. 

Th<*  lint  of  indicators  might  1k»  very  much  increased,  but  there 
ir<^>ild  Ij4'  little  \H}\n\  in  it  since  most  of  these  indicators  are  not 
btin((  ii«4uj  At  tlin  prem-nt  tiino. 

ACTUAL  8TZPB  IN  THE  PR£PA£ATION  OF  miTRIENT 

MEDIA 

Mtct  Krtrart  Broih.^To  1000  c.c.  of  diRtilied  or  clear  tap  watw,  add 
•*#  $[tattM  or  Or^'f  per  cvni  of  Liebijc's  meat  extract,  10  ^rams  or  1  per  cent 
09  Witl«  or  ony  otbi^r  ti'linhlr  brand  of  peplon,  and  5  gmms  or  0J>  per  cent 
Annnicin  «alt,  Nn<'l. 

7 It*  inyr«tftii'ii(ii  lire  mixed  toi^i'tlier  in  a  suitable  vessel  and  heated  with 
UtirrinK  oviT  u  free  ttame.  Wlien  the  pepton  and  meat  extract  are  conipleteJy 
di«M«lv«],  the  vcmpI  i»  removed  from  the  llame.  The  medium  is  titrated 
Ujf  iha  f4>tonn)rtnc  method  deacribed  above  and  adjusted  to  the  desired 
rMMlion.  It  iH  ndviftable  to  make  the  reaction  about  two  pointa  (on  the 
hfiUtnfn  ifu  Hnilr)  mure  alkaline  tlinn  the  final  reaeliun  should  be.  since 
lh«  liral  of  Ihc  untoclave  usually  iiuM'eiweK  the  acidity  of  the  medium.  Usinp 
fiMMr'*  tit^t  evirnct  and  I)ig(*8tive  Fomient's  pe])ton,  wo  tiave  found  that 
fkr  addition  of  10-12  c.c.  of  nonnni  NnOH  to  ex'cry  liter  of  extract  broth 
iMWally  hnnpi  ilm  renctinti,  hcfori'  autot'lnvinp,  to  T.U,  making;  it  ubout  7.4 
■ft#r  iiito«'la« inr,  which  in  the  optimum  for  most  pntho^nic  bacteria.  After 
Ih^  jiildklion  of  the  alkali,  the  hroth  is  iiutoclnved  for  thirty  minutes  at 
tifitH'ti  p'Hjri'l*  prfniitii*.  Thr  medium  is  then  filtered,  the  reaction  cheeked 
arwl  nftrr  tubifik  nnd  ftlehliKation,  in  ready  for  use.  it  is  not  necessary  in 
liiiMi  ra«i'«  to  luUi  ''^L'H  tr.  nxtract  broth,  stiiec  it  is  easy  to  obtain  clear 
wilhnul  llii«  uUf\t, 

Meat  Inflation  hritth.-lnfum  TiOO  KramH''  of  lean  meat  (veal  or  beef) 
In  lOOO  r.v.  of  dixtilhtfl  or  tap  wiilrr  for  twelve  to  twenty-four  hours  in  the 
l^-bov.     HirMin    thnniKh   Wet  cboeae   cloth,  H^ueezing  the   meat   as  dry   as 


•UouftMy  1  [K>und  (1^4  (ba-)- 
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Make  up  the  volume  to  1000  c.c.  \A<\  1  per  cent  pepton  and 
0.5  per  cent  salt.  Heat  over  the  free  flanie  until  the  peplon  is  dis^olviHl, 
stirring  from  time  to  time.  Solution  lumally  takes  place  bo  rapidly  tliat 
the  loss  of  water  through  evaporation  is  negligible.  If  desired,  howevofi 
the  medium  can  be  measured  after  thia  preliminary  beating,  nnd  the  low 
in  volume  made  up  by  the  addition  of  water.  Titrate  the  mediimi  and  bnnjf 
it  to  the  desired  reaction  using  the  eolorimetric  metho<l.  Meat  infusion  media 
are  iwually  eon«i:lerubly  more  aeid  than  meat  extract  media.  The  addition 
of  about  20  c.c.  normal  KaOH  ]>rr  liter  in  the  case  of  meat  infur%ion  broth 
usually  brings  the  reaclioi»  to  about  T.4  after  autoclnvint;.  The  chnnjic  in 
reaction  after  autoolnving  is  sometimes  considerable,  anH  must  be  carefully 
eheeked.  After  the  addition  of  tho  alkali,  the  medium  is  auloclaved  for 
thirty  minutes  at  tifteen  ponndft  pressure.  The  broth  is  now  filtere<l  through 
pa|>er  or  cotton,  and  usually  cornea  throujrli  clear  without  any  further  iTOuble. 
After  tubing  and  sterilization,  the  medium  is  ready  for  use. 

'^Hormone  Medium,''* — ^A  curious  observation  haa  been  made  recently 
which  seemn  to  indicate  that  the  filtration  of  me<lia  removea  from  them 
certain  substances  which  considerably  enhance  their  nutritive  value  for 
bacteria. 

These  substances,  for  want  of  a  better  name,  have  liecn  s^iokon  of  as 
honnoneH,  and  the  hormone  media,  which  are  used  pretty  generally,  and 
which  we  have  found  to  possess  unusual  advantages  over  ordinary  culture 
media,  and  which,  consequently,  we  are  using  almost  altogether  in  our  routine 
work,  are  made  as  follows,  the  description  given  being  that  of  Huntoont^^ 

The  basis  for  '*homione  media''  is  beef  heart  instead  of  (he  customary 
beef  or  veal.  It  is  important  that  the  hearts  are  fairly  fresh.  The  heart 
mnscle  is  cut  up  in  the  usual  way  aid  after  the  removal  of  fat  and  large 
vessels,  put  through  the  moat  grinder.  The  chopped  meat  is  weighed  and 
1  liter  of  water  added  for  every  500  grams  of  meat.  One  per  cent  pepton 
and  0.5  per  cent  salt  are  added  directly,  and  1  egg  (whole)  added  for  each 
liter  of  medium.  If  the  bouillon  is  to  be  used  for  broth,  1  per  cent  gelatin 
is  added  immediately.  If  the  bouillon  is  to  be  used  as  a  basis  for  agar, 
it  is  not  necessary  to  add  the  gelatin.  The  3  per  cent  agar,  finely  cut  up, 
is  added  to  the  other  ingredients. 

Wlien  all  the  ingredients  have  been  placed  in  the  same  pot,  the  mixture 
is  heated  over  the  free  flame  until  it  reaches  a  temperature  of  about  70°  C. 
and  meat  begins  to  turn  brown.  25  c.c.  of  normal  NaOH  arc  then  added 
per  liter.  The  pot  is  placed  in  the  Arnold  and  allowed  to  cook  for  1*4 
to  2  hours.  At  the  end  of  this  time,  a  fbrm  clot  has  usually  formed  and 
the  broth  or  agar  can  bo  decanted. 


•Co7«  and  Lloyd.  Journal  Path,  and  Baet.  vol.  21,  1016. 
''Buntoon,  F.  J/.,  Jonr.  of  Inf.  Dis.,  23,  1918,  169, 
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m^^^^^^        HlOUKiY  .VND  TiX:UNIQUE  1^^^^^ 

\%$  itfrl"ilTi  ^  1^1  titralrd  iipvunitely  and  brought  to  the  desired  rcactioiu 
"VIm  M«4^«M*t  mm(mU>  8^*  (liKhtly  man*  acid  on  autoclaving,  so  that  it  is 
^MlWtt  1^  iwifv^  ^  *\K*«tl  ^  ptiutU  U)Oi'<*  nlkalino  un  the  hydrogen  iun  scalc^ 
y^ll^  Uu»  tlktai  n«i«Hio«i  «|««tfihl.  ll  i»  mii>ortuiit,  in  making  hortnon«  inedm^ 
<vi  ftU>  ^^-  CottMi,  pMpcr,  atid  vheeije  clolh  tiltei's  are  equaUyj 
•  Uh  is  obtained  after  the  firat  heating,  thoro  is  usuiUljr' 
.;  rt  »'U>ar  iiuHJiuin.  On  the  ftpst  autoclaving  a  second' 
J  .   iviMiu,  I'nuu  wliioh  the  rlour  medium  can  easily  he  deounled.. 

(  ^.  i))>  iUv  rvttutioii  iiCtor  the  Hnni  sterilization.    The  IlormoM' 

,  It  i4(H«ivil  tttth  (hv  Shnrpltis  centrifuge. 

^«wH'  '"*  HivlA.  Mak*  oni*  liter  of  infusion  broth'^  aei^ordin^  to  tbe- 
||Mv44H^h*  iivwi.  knmMtUt**  with  a  young  culture  ol'  H.  coli  conuuuniap, 
BlWtt^l^  l'^**'^  |WMil;t»fuar  (o  IVirty-eight  hours.  The  bnctena  will  ferment, 
,.  '  .    kHv  ftujrar  ^inono-Hneehiiride)  whirh  may  be  present  in  the 

t.  ..U^v  lilt*  uHHliuni  sugur-lVee  and  acid. 

AvH\vt«t  lur  (uw^  luuur  to  kill  th«i  B.  coli.  | 

Ak^MtUvl  AttMOk  lot  thirty  «ninut«a. 

V'ii  >   until  dear.  i  | 

'4^  Mill  iM  ufwd  wt  a  baai«  for  fermentation  reactions.    The 

Ikd^l^tMk  MUtlt^^  ^^"^  addrd  lu  1   por  cent  concentrations  and  the  medium  is 

^|Luu  /    ,  t    hu-   ihivt'   HUort3aHive   days   in   the   Arnold,  since  the   higher 

fgiy^t  .  .1    lhi>  nutoelttve  tend  to  split   the  more  complex   sugars  into 

i/4M«*(tM  H'vik,  Tw  ordiuary,  slightly  acid  or  neutral  meat  iofusion 
UiiiUt,  ^M  *^^  1^**  t^*^  *^^  ^*  ^-  ffb'ce^in-    Sterilize  by  fractional  method. 

^'iM«iMtH  \  ••r'><tH<i'''  hratK — This  medium  is  designed  for  obtaining  mass 
iHtltiiit  .  1*1   piivuitUKHMvuN  or  8t reptococcuK  for  purposes  of  immumzntion  or 

k       I  '  itf  Minil    inliiNion  broth  in  small  flasks,  add  one  per  cent 

«f  |.  ilntiiiit  enrhouatt'i  aud  one  per  cent  of  glucose.     It  is  a  wise 

,  'Unf  \\iv  dried  calcium  carbonate  in   the  hot-air  chamber 

\„. „,,»,M     .  it..;ll  piervji  of  murble  may  i>e  used  as  suggested  by  Bolduan. 

hU«uvU*    nm   Tiitt    Phkpahation   of  Nutrirmt  Bboth**    (Aver>')    (for 

1  \      liiliniilinii).--Onp  pound  of  lean  chopped  beef  allowed  to 

■    iiiji  water  over  night  in  the  ice-box.     The  unfiltered  mpat 

M.ilvtt  for  li()  niiimles.  filtered  througli  paperj  and  the  lo«s  by  evapora- 

iip  by  th^  tiddition  nf  water.     One  per  cent  peptone   (Fairchild) 

,  ,  ,  (  tmitl  Mudiuui  piioHphate  (Na^PO^)  are  now  added.    The  mixture 


*'  tl  i«  ittit  Hwi^Kary  to  flltor  the  infosion  if  it  is  to  ho  used  for  making 
ttUfiHt  f%mi  lindh.        "  — — ™^~^—  — — .  "  "' 

*•  Wv<  iimr  mid  (hat  this  nieihod  0f  growing  Ktreptooorctit  for  'aKgl^^i^fio^ 
htmiK>«i'i  itt')**  M«>t  nlwayi  work  out  succeaefully — but  is  the  In'flt  wt^  know  of  so  far. 
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1.000 

c.c. 

10 

gnis 

10 

gnis 

i«  allowed  to  boil  for  20  minutes  nn<1  the  reflation  ta  nOjusted  to  the  dpsired 
P/,  (About  0.2  of  u  P//  is  allowed  tor  rhHn*;t*  in  the  reaction  HunnK 
sterilization.  For  pnenmoroeetis  work  the  optinmrn  Pa  Is  7.8;  in  the  Adjust- 
ment, tlierefore,  bel\)rc  sterilizfttion,  lite  reartion  is  wt  nt  Vn  ft.)  The  broth 
IB  sterilixod  in  tbe  Arnold  sterilizer  for  20  minutes  on  three  saceeftsive  d&VA. 
For  streptoeoreus  work  the  final  renction  hJiouM  be  P;/  7.4. 
Pepton-Satt  Solution  (Dnnhniu's  solution): 

1.  Dintilled    wftter    1,000    e.c. 

Pepton  (WiMe) 10  gni». 

NbOI    5     •' 

2.  Heat  until  ingredients  are  thorou^^hly  diasolved. 

3.  Filter  through  filter  paper  nntil  perfectly  clear. 

4.  Tube  or  store  tloaks. 
Sterilize  by  discontinuous  method. 
Sitraie  SolMtion: 

1.  Difltillcd  water 

Pc'pton    - 

Potaiviuiu  nltraio 

Heat  until  ingrredienls  are  thciroujjiijy  dissolved. 

Filter  through  tUter  paper  until  perfectly  clear. 
4.  Tube  or  store  flasks. 
Sterilise  by  discontinuous  sterilization. 
UBehinakjf'M  Protein-Free  Medtum.** — To  one  liter  of  distilled  wnter  add: 

Asparagin    3.4  graniB. 

•  Ammoaium  lactate 10  ** 

Bodium  chlorid  5  ' ' 

MagueHiuiii  vulpliate   (>.:f      " 

Calcium  chlorid 0. 1 

Potaasium  phosphate I  .<  >       " 

When  these  substances  are  thoroughly  dissolved,  add  40  c.c.  of  glycerin.  Tube 
and  sterilize. 

Meat  Extract  GfUtin. — Oelatin  is  best  made  in  the  Arnold  and  should 
At  no  stage  be  autoclared. 

One  per  cent  pepton,  0.5  per  cent  salt,  0.5  per  cent  meat  extract  in  one 
liter  of  wnter  are  dissolved  in  the  Arnold.  When  these  ingredients  have 
been  dissolved,  15  to  18  per  cent  of  finest  French  sheet  gelatin'*  are  added, 
and  the  mixture  kept  in  the  Arnold  until  the  gelatin  is  completely  dissolved. 

"  Uachinaky,  Cent.  f.  Bakt..  1,  xiv,  1893. 

"  The  acidity  and  consistence  of  the  different  eommerciat  gelatins  vary  con- 
Biderably  anO  cnro  «iho(iIrl  Iw  takeu  in  aeltvrting  a  uniform  aud  suitahLe  braoUj 
■uch  as  H4»«l-oThprc *«  (pdd  label  gelatin.  It  is  advisable^  when  working  during 
the  gummer  or  in  hot  climatefl,  to  add  18  per  cent. 
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The  medium  is  then  titrated  and  adjusted.  After  cooling,  the  whlteH  ol 
two  eggB  are  added  and  the  media  is  put  in  llie  Arnold  for  forty-five  minutes. 
The  medium  i»  filtered,  tubed  and  sterilized  by  the  fractional  method.  All 
inine<>eHsary  heating  of  irelatin  is  to  be  avoided. 

Meat  Infusion  Gekitin.—^Meht  infusion  gelatin  is  made  in  the  aame  way 
as  tlie  above  except  that  fresh  meat  infusion  is  substituted  for  the  meat 
extract. 

Meat'Ejrtract  Agar. — To  1  liter  of  distilled  or  tap  water  add: 


Throfid  agar   15  to  30.0  jframs" 

Pepton lO.t)      " 

Moat  oxtract   ..^ ^ ..... ..»•<•  •     S-O      * ' 

Common  salt   5.0       " 


i 


Put  in  autoclave,  15  pounds'  pressure,  for  15  minutes.  The  agar  can 
also  be  dissolved  over  the  free  flame,  but  this  takes  a  long:  time  and  is  not 
neeessniy.     However,  if  80  dtmi*  make  uj)  l<»ss  by  evaporation. 

Take  out  of  Butoclnve,  and  adjust  to  desirt'd  leactiun. 

Cool  to  60°  C  and  add  the  whites  of  two  e^-gs.     Stir  thorougWy. 

Heat  either  in  the  aut«M'lave,  fifteen  pounda,  thirty  minutes;  or  if  no 
autoclave  is  available,  thirty  minut(»s  in  the  Arnold.  If  the  henHnp  is  dtme 
in  the  Arnold,  take  out  after  half  an  hour,  stir  and  replace  for  fifteen 
minutes  more. 

Titrate*  iind  adjust  aiiain  if  reaction  has  clianged. 

if  a  runection  in  reaction  is  made,  heat  again  for  ten  minutes,  fitter 
Ihrnii^h  cotton,  tulw  and  sterilise. 

Mtnt  Infusion  Aijar,*^ — In  making  meat  infusion  agar  it  is  best  to  prepare 
two  solutions,  one  consisting  of  the  meat  infusion  to  which  the  pepton  and 
salt  are  added,  the  other  an  aqueous  solution  of  agar  which  is  diss<:ilved 
in  the  autoclave.  The  ingredients  are  added  in  double  strength  to  each 
solution  so  that  when  they  are  finally  combined,  the  desired  concentrations 
ere  obtained. 

Solution  n)  500  grams  of  lean  meat  in  JOO  c.c.  of  distilled  or  tap  water 
are  infused  over  niiAt  in  the  ice-box.  The  infiuion  is  then  strained  through 
cheese  cloth  and  all  the  juice  sfiueezed  out  of  the  meat.  The  infusion  is 
measured  and  the  volume  made  up  to  500  c.e.  Two  per  cent  pepton  or 
1ft  grams,  and  1  per  cent  or  5  Rrnms  salt  are  now  added  to  (lie  500  c.c. 
infusion  and  the  mixture  is  heated  over  the  free  Itame  until  it  reaches  a 
temperature  of  about  50*^  C.  and  the  pepton  dissolves.    This  solution  is  then 


"Amount  of  agar  varies  according  to  otitTacss  desired. 

^  While  titrating  care  should  be  takeu  that  the  medium  doea  not  solidify  along 
the  sides  of  the  v^iasel.  Glycerin  agar  is  made  by  adding  6  per  cent  C.P.  fflycerin 
to  meat  extract  i»r  meat  infuHJon  agar. 
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titrated  and  anflicient  alkaJi  added  to  make  the  renction  about  two  or  tliree 
points  mor«  atkaline  than  the  de{»ii*od  Hnal  reaction  of  the  medium. 

•  ^'Solotiou  (2)  to  500  t.t.  of  water  add  the  qaantity  of  agar  that  wiil 
^vo  the  riftht  concentration  for  the  final  volume  (1  liter).  For  instaDve^ 
if  a  3  per  cent  npir  is  desire<l,  add  30  grams  of  agar  to  oOO  c.c.  of  water 
and  dissolve  in  tht*  niitix'litve  at  RftiHrn  j>ouiids  iiressiirc  for  Hfteen  minutes. 
Wbeu  tlie  agar  is  Hi«9olved,  oool  it  down  to  50°  C.  and  add  to  it  SoUttion  (1). 

^llix  tliorotiKtily  and  titrate  again.  I'siially  the  addition  of  the  a^r  MoUition 
does  not  oluinpe  the  reaction.  Add  the  whites  of  two  cg^fs  well  beaten  with 
a  little  water  and  autLiclave  for  thirty  miimtes  at  lift<>en  poiinfU  ))re«sure. 
If  no  autoclave  ia  available^  the  medium  may  bo  put  in  the  Arnold  for 
forty-live  niinuteA  The  autoclave,  however,  is  more  iatiafactoi-y.  It  is  best 
to  check  the  tilralion  a^'iiin  after  nutocloving. 

The  medium  is  nnw  llltcrp(i,  tubed  and  steriliz^nl. 
I     Lactose-Litmus-Agar    (Wurtz). — Thia    is   ordijiary    meat   extract   agar 

[vhich  is  adjusted  to  P^  7.5  to  7.B,  to  trhich  1  per  cent  of  lactose  ia  added, 
and  enougii  litmus  to  give  it  a  bluii^h  purple  color  when  cooled.  Instead 
of  lituiuh,  I  per  cent  of  the  Andrade  indicator  can  be  uned.  Jf  the  latter 
indicator  is  used,  the  reaction  of  the  medium  mubt  be  brought  down  to  P^j 
7.2.     The  medium  containing  1  per  wnt  of  the  indicator,  if  the  reaction  is 

•  eorrcft,  will  he  (Uiik  rcil  when  hot  and  i-oloilt'ss  when  cold.  Aftm*  the 
Addition  of  the  .su;;rar  and  the  indicator,  it  Ib  best  to  sterilize  by  the  inter- 
mittent nu!thod  on  three  Mucce^ivc  da>'s. 

The  red  color  fades  out  gradually,  the  indicator  should  be  yellow  after 
standing  2  or  3  hours.  If  it  remains  red  or  i-eddish,  1  or  2  co.  more  of 
normal  XaOH  .should  be  added. 

The  above  desori])tion  of  the  basic  media,  broth  and  agar,  details  chiefly 
fhc  methods  in  general   use  until  a  few  years  ago.     The  recognition  that 

N^^ac'teriu  grow  more  luxuriantly  upon  media  containing  cunsidcrublo  (juantities 
of  protein-sjdit  product:!.,  has  resulted  in  the  utiJization  of  trypsinxzed  culture 
ledia  which  lias  been  found  to  possess  considerable  advantages  for  the 
QtUtivntion  of  delicate  organisms  like  the  meningococci,  etc.  A  simple  formula 
fur  the   production  of  trypsinized  agar  is  the  following,  taken  from   the 

^4irections  of  Gordon:  *^ 

Trypaoar. — To  one  pound  of  chopped  meat,  free  from  fat,  add  1  liter 
^tap   water  and   make   faintly   alkalin    to   Utmus   with  20   per  cent  N'aOH 

i|K)lution.    Ueat  in  double  boiler  at  76°  to  30*^  for  live  minutes.    Cool  to  37" 

'^lind  add  0..'j  gram  trypsin.     ( Kairchild's.  preparation.     Kor  other  brands  the 

amount  must  be  determined  by  experiment.)     Incubate  for  tive  to  aix  hours. 

*est  for  pepton  an  follows:  Take  5  o.c.  of  the  liquid,  add  5  c.c.  N/1  NaOH 

^l,^q«4p.  dilute   CuSO^.^j  A^.pink  color  indicates  that   trypainization   is 


*'  Gordon,  Br.  Med.  Journal  3,  1016,  678. 
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complete — a  bluish  purple  shade,  that  it  is  incompielo.  Tf  test  m  '«f!sfa«lory, 
slightly  aridity  the  broth  with  triaeial  acetic  acid  und  brin^  alowlj  to  boUiiH; 
point  and  boil  gently  for  ten  minutes  and  filter  through  paper.  Add  2  per 
cent  B^r  anil  0.5  per  ct-nt  salt,  autoclave  to  dissolve  a^ar,  and  pjoce«d  from 
this  point  as  iiftunl,  rlpni-inj;  with  e^r^  and  si'ttinji:  to  V  „  7.5,  or  any  desired 
react  it  »n. 

Vethkr  Starch  Agar. — Heel'  infusion  agar  is  |»reparexl  witbont  salt  and 
pepton.  This  ie  adjusted  to  H„  6.8,  10  grams  of  com  starch  ig  addod  to 
each  liter,  and  the  mixtut-e  is  heated  in  the  autwlave  for  20  minutes  at  16 
pounds.  It  is  tubed  and  sterilized.  This  medium  baa  been  reooniraeiided  by 
Vedder  for  the  onltivation  of  ijonocoecuB.  '• 

Wel4;h*ii  Moftifiration  of  GttarHi>H's  Medium.^'^ — Thia  medium  is  made  ou 
a  miiat  infusion  basis,  ari'ordinjf  to  the  directions  piven  for  the  preparation 
of  Hieat-ini'nsion  agar.  It  contains  5  grams  of  agar,  80  grams  of  gelatin, 
5  grams  of  Naf'l,  and  10  grams  of  pepton  to  one  liter.  It  should  be  adjusted 
to  a  neutral  rcai'ti<m.  It  U  used  for  stab  cultures  and  is  designed  chiefly 
for  pnonniocorruH  rultivation  and  storage. 

Dorsett  Egg  Medium. — This  medium  is  chiefly  useful  for  the  cultivation 
of  tubercle  bacilli. 

1.  Carefully  break  eggs  and  drop  the  contents  into  a  wide-mouthed  flaak. 
Break  up  tlic  yolk  with  a  sterile  platinum  wire,  and  shake  up  the  flask  until 
thp  whites  and  yolks  are  thoroughly  mixed. 

2.  Add  25  c.c.  of  distilled  wat<?r  to  even,'  four  eggs;  strain  through  sterile 
Oloth. 

3.  Pour  10  c.c.  each  into  sterile  lest  tubes  and  slant  in  an  inspissator 
and  exiKise  to  73°  C.  fur  four  to  five  hours  on  two  days. 

4.  On  the  tJiird  day,  rwse  the  temperature  to  76°  C 

r>.  The  sterilization  may  be  finished  by  a  single  exposure  to  100**  C  in 
the  Arnold  sterilizer  for  flfteiMi  minutes.  Before  inoculation,  add  two  or 
three  <lrops  of  sterile  wat<T  to  each  tube. 

LUBES'Aii's  Olyi  KRfN-Efw. — To  1  liter  of  veal  broth  containing  2  |5cr 
rent  pepton,  .'S  per  cent  of  glycerin  is  added.  N'eutralize  this  to  litmus, 
and  to  e\cry  200  c.c.  add  10  fresh  eggs.  The  mixture  i.**  thoroughly  stirred, 
and  when  homogi-ncouf*.  is  tubed,  slanted  and  inspisHatcd,  as  in  the  case  of 
other  egg  media. 

Pktroi"p's  Medium. — I.  Meat  .Juice.  ^^U^)  grams  of  beef  or  veal  are 
infused  in  .'lOO  c.c.  of  a  15  per  cent  solution  of  glycerin  in  water,  in  a  cool 
place.  After  24  hours  the  meat  is  Kjueezed  in  a  sterile  press  and  the  infusion 
follected  in  a  sterile  beaker. 

II.  Eggv.  The  shells  of  the  eggs  are  sterilized  by  10  mintite  immersion 
in  70  per  cent  alcohol.    They  are  broken  -into  a  sterile  beaker,  well  mixed 
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and  filtered  tliron^Ti  iietiU  |cm)K<^-  One  part  of  uwM  juice  is  mlded  \o  twr 
pattt;  ol  e«g  by  votiitiu'. 

in.  Gentian  Violet.  I  iwi'  ct-ul.  Hlcoholir  (dilution  uf  f;entian  voilet  is 
lutded  to  make  a  final  proportion  of  1   :  10,IK)0. 

The  tliree  ingrediont.s  aro  well  raised.  Tlw  tuediiim  i&  tube*!  and  inspift- 
sated  as  usual. 

Petroflf  reoommeuds  for  sputum  the  following  technique:  Equal  parts' 
of  sputum  and  3  per  cent  flodium  hydiroxid  are  shaken  and  incubated  at 
38°  C  for  15  to  30  niinutiti,  the  time  depending  on  tlte  consistency  of  the 
sputum.  The  mixture  is  neutralized  to  litmus  with  liydrfjohloric  acid  and* 
centrifugnUzod.  The  sediment  is  inoculated  into  the  medium  described  above. 
Pare  euhurea  are  obtained  in  a  large  proportion  of  cases. 

Synthktic  MfcDiA  FOH  THE  TcBEncLE  BAnLLUS. — A  Considerable  number 
of  syntheti<?  media  hnvt*  been  made  fur  the  fcrowth  of  the  tubercle  bnt'ilUw. 
The  purjioKe  of  tliei>e  media  is  to  omit  complex  jirotein  .substances  na  much 
as  possible.  The  one  we  give  below  is  according  to  the  formula  used  by 
Petroff  with  suceeas.  * 

0.35  gram K.HPO, 

4.93  grama. Mg  UPO,.  2H,0 

10  c.c normal  H,90, 

SO  c.c norniiil    (1/3  molar)   H,t*0, 

10  c.c...  .3  times  normal   (molar)    citric  add 

!»•  B»20.grBni-'  . .   nHparagia 

20  c.c glycerin- 

1000  c.c- water 

add  10  c-c.  normal  NaOH. 

Potato  Media. — Large  potatoes  are  selected,  washed  in  hot  water,  and 
scrubbed  with  a  brush.  They  are  peeled,  considerably  more  than  the  cuticle 
l)eihg  removed.  The  peeled  ))otatoes  are  washed  in  running  water,  following 
wliich  cylindrical  pieces  are  removed  with  a  large  apple  corcr.  The  cylinders 
are  cut  into  wedges. 

Since  the  reaction  of  the  potato  is  normally  acid,  this  should  be  corrected 
ty  Washing  the  pieces  in  running  water  over  night,  or,  better,  by  immera^ig 
them  in  a  one  jter  cent  solution  of  sodium  carbonate  for  half  an  hour. 

Th^  pieces  are  then  inserted  into  the  large  variety  of  test  tubes  known 
as  "potato  tubes.*'  (See  Fig.  21,  c.)  In  the  bottom  of  the  tubes  a  small 
amount  of  water  (about  1  c.c.)  or  a  small  quantity  of  moist  absorbent  cotton 
should  be  placed  in'  order  to  retard  drying  out  of  the  potato.  The  tubes 
are  sterilized  by  fractional  sterilization,  twenty  minutes  to  half  an  hour  in 
the  Arnold  sterilizer  on  three  successive  days. 

Potato"  BftOTil. — Petiuff  has  used  extract  of  potatoes  in  fluid  media  for 
the  growth  of  tubercle  bacilli.  There  are  many  different  ways  of  preparing 
the  potato  extract.     The  best  way  is  to  finely  grind  thoroughly,  or  grate  the 
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potatoes  and  soak  them  iu  tap  water  tor  trom  i-l  to  24  hours,  using  about 
500  ]?rani8  to  a  liter  of  water.  ThU  mixture  can  be  tilteredi  or,  belter, 
hoatod  before  filtration.  It  may  be  used  a^  an  ingredient  with  or  witliout 
glycerin  in  ordinary  broth  or  M^ar.  or  can  be  used  with  pepton  and  salt 
added,  ns  an  independent  culture  medium. 

Glycerin  Potato. — In  preparing  glycerin  ]>otato  the  potato  wedges  are 
treated  as  above,  and  ai'e  then  soaked  in  a  ten  to  twenty-tive  per  eeut  aqueouH 
glycerin  tkjlutiou  fur  une  to  three  hours.  A  small  ((uantity  of  a  ten  |>or 
cent  glycchn  solution  sliould  be  left  in  the  tubes,  iu  sterilising  these  tubes, 
tliirty  minutes  a  day  in  the  Arnold  after  the  steriliser  is  hot,  wit]  sterilize 
without  nltering  the  glycu^rin. 

Milk  Media. — Frt^dli  milk  is  procured  and  is  heated  in  a  (lask  for  fifteen 
minutes  in  an  Arnold  8terili/«r.  It  is  tlten  set  away  in  the  ice  chest  for 
about  twelve  bouis  in  ordi^r  to  allow  the  cream  to  rise.  Milk  and  cream 
are  then  separated  by  siphoning  the  milk  into  anotlier  tlask.  It  is  rarely 
necessary  to  adjust  the  reaction  of  milk  prepared  in  thiii  way,  siacCf  if  acid 
at  all,  it  is  usually  but  slifihtly  so.  If,  however,  it  shtmld  prove  more  than 
1.5  per  cent  acid,  it  shoidd  be  discarded  or  neutralized  with  sodium  hydrate. 
The  milk  may  then  be  tubed  either  with  or  without  the  addition  of  an 
indicator.  Liltnu»  unvcs  the  most  Katisfactor>  results  iu  milk,  but  at  the 
present  time  is  diiHiMilt  to  obtain.  The  Andiade  indirntor  cnn  be  used  also, 
but  usually  discolors  the  milk  iiomewhat.  However,  if  fnictioiial  storiiizution 
is  carefully  carried  out,  the  milk  becomes  yellowish,  but  acid  production 
shows  up  clearly  by  n  distinct  reddeniup  of  the  medium.  If  the  milk  is 
to  be  used  for  the  differentiation  of  the  anaerobic  hncilli  isolated  from  war 
wounds,  it  is  best  )tot  to  add  any  indicator,  nnee  the  type  of  eoaguhim 
formed  is  a  differential  characteristic^  nnd  coagulation  does  not  take  place 
readily  when  Andrnde  is  present. 

SoDiVM  Oleatk  Agak  (For  Influenza  Bacilli). — Aver)-*"  has  found  tliat 
sodium  oleato  will  enhance  the  development  of  influenza  bacilli,  and  at  the 
same  time  will  inliibit  many  uf  the  Qrnni-positive  organisms  commonly  found 
in  sputum. 

A  neutral  solution  of  Kahlbanm*a'  sodium  oleate  in  water  is  prepared  and 
sterilize*!  in  tlic  autoclave.  Human  or  rabbit  blood  is  deflbritiated.  centri- 
fugwl,  the  senmi  removed,  and  the  vohmie  made  up  to  the  originni  with 
bi*oth.  1  c.c.  of  the  red  bhxKl  cell  suspension  and  5  e.c.  of  the  -  per  cent 
Sodium  oleate  si>lution  are  added  to  tM  c.c.  of  auar  at  80°  to  90"  C.  The 
agar  is  preferal)!y  a  2  per  cent  hormone  agar  with  a  reatdon  of  P^    7.4. 

Serum  Media. — hoefjier's  Medium, — Beef  blood  is  collected  at  the 
slaughter  house  in  high  cylindrical  jars  holding  two  quarts  or  more.  It  is 
desirable  that  attemptn  shiMild  be  made  to  avoid  c<mtamination  as  much  as 
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u  feasible  by  previously  sterilizine:  the  jai*«,  keeping  Ibem  ooveredf  and 
exercising  care  in  the  coUection  ul'  tlie  blood. 

The  blood  is  allowed  to  coagulate  in  the  jar&,  and  should  not  be  moved 
from  the  slaughter  house  until  coagulated.  All  unnece8sar>-  shaking  of  jars 
should  be  avoided.  An  soon  as  the  coaguhim  is  fully  formed,  adhesions 
between  the  clot  and  the  sides  of  the  jar  should  be  carefully  separated  with 
a  sterile  glass  rod  or  wire.  The  jare  are  then  set  away  in  the  ice  cheat  for 
24  to  36  houi*s.  At  the  end  of  this  time  clear  scrum  will  be  found  over 
the  top  of  the  clot,  und  between  the  clot  and  the  jar.  This  Hhould  be  pipetted 
off,  preferably  with  a  large  pijiette  uf  50  to  100  c.c.  capacity,  or  siphoned 
off  with  sterile  glass  tubing,  and  transferred  to  sterile  flasks. 

To  three  parts  of  the  clear  serum  is  then  added  one  part  of  a  one  per 
cent  glucose  beef  infusion  or  veal  infusion  bouillon.  The  mixture  is  tilled 
into  tubes,  preferably  the  short  test  tubes  commonly  used  for  diagnostic 
diphtheria  cultures.  The  tubes  are  then  placed  in  a  slanting  position  in 
the  apparatus  known  as  an  inspisstntor  (see  p.  71).  This  is  a  doublc- 
walled  copper  box  covered  by  a  glass  lid,  eased  in  asbestos,  and  •surrounded 
by  a  water  jacket.  It  is  heattnl  below  by  a  Bunsen  flame.  Together  with 
;the  tubes  a  small  open  vessel  containing  water  should  l>e  ])laced  in  the 
inapisaator  to  insure  sutTicient  moisture.  The  temperature  of  the  insi>issator 
is  now  raised  to  "O^-TS*^  C,  care  being  taken  that  tbe  rise  of  tempeiature 
takes  place  slowly.  The  temjierature  is  maintained  at  this  point  for  two 
hours,  and  the  process  is  repeated,  for  the  same  length  of  time,  at  the  same 
temperntun',  on  six  succetipive  days,  preferably  without  removing  ihe  tubes' 
from  the  insjiissator  at  any  time.  It  is  also  possible,  though  less  regularly 
yielding  gooil  results,  to  sterilize  in  tbe  inspissator  for  one  day,  following 
this  on  the  second  and  third  days  by  exposure  for  thirty  minutes  to  100°  C. 
in  the  Arnold  steam  sterilizer.  In  doing  this,  the  Arnold  should  be  ver>' 
gradually  heated,  at  firet  without  out^'r  jacket,  this  Iwing  lowered  only  after 
thorough  heating  has  taken  place. 

S€rum'\yater  Media  for  FermerUation  Testa. — For  the  detramination  of 
the  fermentative  powers  of  various  microorganisms  for  purposes  of  differen- 
tiation, Hiss  has  devised  the  following  media  in  which  the  cleavage  of  an> 
jriven  cnrbohydrate  is  indicoted,  not  only  by  the  jiroduction  of  an  acid 
reaction,  but  by  the  eoagtilation  of  the  serum  proteins. 

Obtain  clear  beef  serum  by  pipetting  from  clotted  blood  in  the  same 
way  as  this  is  obtained  for  the  preparation  of  Loeffler's  blood-serum  medium. 
Add  to  this  two  or  three  times  its  bulk  of  distilled  water,  making  a  mixture 
of  serum  and  water  in  proportions  of  one  to  two  or  three.  Heat  the 
piixture  for  fifteen  minutes  in  an  Arnold  steriliser  at  100°  C.  to  destroy 
any  diastatic  ferments  present  in  the  serum.  Add  one  per  cent  of  a  five 
per  cent  aqueous  litmus  solution  (tbe  variation  in  the  diffexent  litmus 
prepnrntions  as  obtained  in  laboratories  necessitates  a  careful  addition  ot 
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uii  uijueous  litmus  solutiuu  until  the  proper  color,  a  deep  iranepareat  bluc> 
is  obtained,  rnther  than  ri^d  adherence  to  any  quantitative  direetious).  With 
many  batches  of  serum,  it  will  be  t'onnd  that  the  adHition  of  two  or  three 
Limes  its  bulk  uf  diutllled  water  \&  not  a  sudicient  dilution  to  prevent 
coagulation.  It  will  often  be  found  necessary  to  add  four  or  five  volumes 
of  distilled  water  to  one  volume  of  senim.  One  per  cent  of  the  Andrade 
indicator  may  bo  substituted  for  the  litmus.  Add  to  the  various  fractions 
of  the  niediuiu  tlius  made  one  per  cent  respectively  of  the  sugars  which  are 
to  be  used  fur  the  tests. 

For  the  preparation  of  inulin  medium,  made  in  this  way  for  pneumoeoeeus- 
slreptix'occus  differentiation,  it  is  necessary  to  slrriliKe  the  inulin  dissolved 
in  the  water  to  be  added  to  the  serum  in  an  autoclave  at  hig-h  terapernture 
(15  pounds  for  15  minutes)  in  order  to  kill  spores  before  mixing  with  the 
scrum.  The  serum-water  media  are  sterilized  by  the  fractional  method  at 
100°  C,  at  which  temperature  they  rcuinin  fluid. 

Chocolate  Media  (Park  and  Williams). — It  has  recently  been  observed 
that  for  the>eultivation  of  organisms  like  the  intluenKa  bacillus,  menin^oetK'cus. 
and  a  number  of  other  of  the  more  delicately  growing  bacteria,  sn  excellrnt 
medium  can  be  made  up  in  Ihe  following  way:  Agar  or  broth  are  made 
up  as  usual,  and  to  them  added  defibrinated  rabbit,  l»eef,  horse  or  human  blood 
ia  proportions  of  from  5  per  cent  lo  10  |»er  cent  by  volume.  This  mixture 
is  then  heated  gradually  up  lo  about  75'',  until  the  blood  begins  to  coa^ilate 
and  assume  a  dark  brown  chocolate  like  color.  The  broth  or  agar  can  first 
be  adjusted  to  the  dc-iirt'd  reaction,  but  it  is  likoly  (bat  any  excess  alkal* 
or  acidity  is  corrected  by  the  j>roteiiis  which  are  added.  The  medium  can 
be  tubed,  or,  in  the  ease  of  agar,  plated  or  slanted,  as  it  is,  after  distribution 
of  the  blood  throughout  the  medium  by  shaking. 

In  the  ease  of  broth  the  medium  can  be  tiltered  through  paper  while 
hot,  and  sterili/^d  subserjuenlly  by  filtration  and  fractional  heating.  Such 
filtrate  consists  of  a  clear  brownish  fluid  on  which  infiuenz-a  bacilli  and  other 
organisms  grow  with  enormous  speed.  The  speed  with  which  influenza  bacilli 
grow  on  this  medium,  and  its  almost  complete  freedom  of  hemoglobin,  but 
very  luuch  increased  cholestrin  and  other  lipoid  contents,  have  lead  us  to 
believe  that  it  is  not  the  hemoglobin  particularly  which  is  needed  for  influenza 
bacillus  cultivation. 

.Special  Media  koh  Colon  Typhoid  Differentiation 

ConreuIi'Driffafitki  Mvdium.^^ — Original  directions, 

(a)  Three  pounds  of  meat  arc  infused  in  two  liters  of  water  for  twelve 
hours  or  more.  Strain,  boil  for  one  hour  and  add  20  gms.  Witte's  pepton, 
20  gms.  of  nntrose,  10  gms.  of  NaCl ;  boil  one  hour  and  filter.    Add  60  gu38. 
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of  agar.  Roil  for  three  lumr<t  {or  one  hour  in  an  aatoclave)  until  agar  is 
dissolved.  Render  weakly  nlknlinn  to  Hiiims  papnr,  lllter,  and  boil  for  half 
an  hour  more. 

(b)  Litmus  M>liitiuit:  Two  ImudnMl  and  sjjcty  cu  ul'  Utmua  solution  are 
boiled  for  ten  imuuta>.  (The  litUiUB  solution  iiaed  by  Couradi  and  UriKaiaki 
ia  the  ver>'  sensitive  aqueous  litmus  recommended  by  Kubel  and  Tieiuann, 
and  purchasable  under  the  name.)  After  boiling,  '.iO  giamb  of  chemically 
pure  bctuse  are  added  to  the  litmuH  SiiUilion.  The  mixture  ia  then  boiled 
for  fifteen  minutes,  and  if,  a  twdinieiit  has  formed,  is  rarefully  deraiited. 

(c)  Add  to  tlie  hot  lactose  mixture  to  the  hot  agar  solution;  mix  well 
and,  if  necessary,  afpiin  adjust  to  weak  alkaline  reaction,  litmus  paper  being 

as  an  indicator.    To  thii^  mixture  add  4  c.«.  of  a  hot^  sterile  ten  per  eept 
ition   of  sodium   earbomitc,  and  20  c.c.  of  a  freshly  made,  solution  of 
crystal  violet  (c.  |>.  Hoeltst),  0.1  gram  in  100  e.o.  of  sterile  distilled  water. 

Surface  smears  are  made  upon  large  plates.  These  arc  incubated 
twenty-four  hours.  Typhoid  colonies  are  small,  blue,  and  trans- 
parent   Colon  colonies  are  large,  red,  and  opaque. 

Endo*s  Mfdium.^^ — 1.  Prepare  one  liter  of  meat  infuaion  three  per  cent 
Agar,  contaitiiu^  10  grams  of  pepton  and  0  grams  of  NaCL 

2.  Neutralize  and  clear  t>y  HiLration. 

3.  Add  10  e^e.  nf  10%  aodium  earbnnat«  to  render  alkaline. 

4.  Add  10  Rrams  of  chemically  pure  lactose. 

5.  Add  5  c.c  lit  »h-uhi>lic  fuohsiti  solution,  tUtered  before  using,  Kndo 
in  bis  original  contribution  does  not  mention  the  strength  of  this  furhsin 
solution,  which,  however,  bhould  be  saturated.     This  colors  the  medium  red. 

6.  Add  *Jlb  o.c.  of  a  }()%  sinlium  salphite  solution.  Tbis  again  decolorizcK 
■the  medium,  the  color  not  entirely  disappearing,  however,  until  the  agar  is 
€M>oled. 

7.  Pnt  into  test  tnbes,  15  c.c.  each,  and  stcnlize. 

The  medium  should  be  kept  in  dark.  I'lates  are  poured  and  surface 
Cinears  made.  The  typhoid  colonies  remain  colorless,  while  those  of  coli 
become  red. 

The  preparation  of  Endo's  medium  presents  difficulties  due  to 
the  var^nng  purity  of  sodium  sulphite.  Kastle  and  Elvove-  rccom- 
tncnd  the  use  of  anhydrous  sodium  sulphite  instead  of  the  crystallized 
variety.  Harding  and  Ostenberg"  add  sodium  sulphite  solution  to 
a  measured  amouut  of  .5  per  cent  fuohsin  to  determine  the  propor- 


"  Kndc,  Cent.  f.  Bakt.,  xxxr,  1904. 

**  Kwtle  and  Elvovr,  .Tour.  Inf.  Dis.,  aivi,  1909. 

»•  Ilardtny  and  Ostenberg,  Jour,  of  Inf.  DJs.,  xl,  1,  1909, 
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tionn  which  (pvo  tho  groatost  delicacy  of  reaction  as  tested  with 
fomwidehyd.  The  proportions  so  determined  are  then  added  to 
Ihc  hot  3  per  cent  agar 

Although  Endo  described  his  medium  as  dependent  upon  the 
formation  of  acid  by  the  bacteria,  this  is  not  so.  Acids  give  no 
coloration  of  the  aulphite-fuehsin  mixture.  Indeed  this  mixture  is 
used  by  chemists  under  the  name  of  SchilT*8  reagent  as  a  test  for 
aldchydx.  Acids  decolorize  the  r'cd  caused  by  aldehyds,  and  this 
accounts  for  the  frequent  late  discoloration  of  red  colon  colonies  on 
prolong**d  cultivation.  The  medium  is  red  when  hot,  and  colorless 
wiien  cold,  because  the  compound  l>ctwccn  sulphite  and  fuehsin  dia- 
gociatcH  in  the  hot  solution. 

HohinBon  and  Ueltger'a  Modification  of  Kudo.^* — This  scents  to  be  at 
present  the  tnc«l  um.*ful  inodiflciition  of  Endo  nvuilnble. 

1.  To  1  liter  of  water  add  25  grams  of  a^nr,  10  jiirams  of  peptou,  and 
5  grsniK  of  nn^t  cxtrm?t.  Diiisolve  tlie  agar,  meat  extract  and  pepton.  Bring 
to  1*^  0.8,  and  heat  in  autoclave  for  '  j  hour  nt  15  pounds.  Philter  through 
eotton. 

To  this  add  10  c.c.  of  a  10  per  cent  sodium  carl>onHti>  solution.  Heat 
for  n  few  minuteft,  and  add  1  per  cent  laetobc.  The  furhtsin  sulphite  indicator 
Ih  thru  ad<led  in  the  form  of  S  c.c.  of  saturated  alcoholic  fnrhstn,  and  10  e.r. 
of  a  10  per  cent  solution  of  sodium  bi<4ulplut(>.  Thi.s  i<^  tul>ed  and  sterilized. 
Krumwiede  n-eonimt'ndH  preparing?  the  medium  by  adjusting  the  reaction 
to  Tff  SJi  in  tho  first  place,  relying  ufion  sterilization  and  the  addition  of 
the  bisulphite  to  brinp  the  reaction  to  thv  desired  end  point. 

The  bi'st  reMulls  art*  uhtained  hy  adding  the  lactose,  fuohsin  and  bisulphite 
jurt  before  uwr  and  IhiM  can  be  done  most  conveniently  if  the  a^r  basis 
is  bottled  in  100  e.c.  amounts.  The  final  reaction  of  the  miHlium  should  be 
P^  8.  A  more  arid  reaction  favors  the  diffusion  of  the  indicator.  In  our 
own  laboratory  we  have  found  that  the  addition  of  these  amounts  of  fiichsiii 
nnd  swlium  hisulphite  to  the  inediuni  inhihit  the  ffrowih  of  typhoid  in  some 
instnncrs.  We  have  obtained  equally  good  differentiation  by  using  0^  per 
cent  fuchftin  instead  of  0.5  jht  cent,  and  0,.>  per  cent  sodium  bisulphite 
iuHtrad  of  1   per  rent. 

KfndaWn  Mmlifiration  of  Kndo's  Medium.''^ — \,h  per  cent  meat  extract 
njrar  is  fircpared,  and  the  reaction  adjusted  faintly  alkaline  to  lilmns  by 
I  lie  addition  of  NaOH.  This  a^rar  is  stored  in  small  Hasks  and  it  is  usually 
t*onvrnient  to  keep  flasks  containinj^  100  c.c.  each.  Just  t>efore  use,  1  per 
eent  of  lactxise  is  addeil,  and  then  decolorised  fuehsin  solution,  as  in  Kndo'a 


'•ffoMn«on  and  ftrliper,  Jonr.  of  Med.  Rea.,  24,  1916,  363. 
*  KrndaU,  Bos'.on  Meit  &  Hurg.  Jour. 
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medium.  Add  about  1  c.c.  of  decolorized  fuchsin  solutiotif  made  up  as  above 
by  mixing  roughly  prepared  10  per  cent  sodium  sulphite  with  saturated 
alcoholic  fuchsin.  (The  projiortions  of  fiiehsin  and  sulphite  are  sometimes 
difTicuIt  to  adjust,  possibly  by  reason  of  impurities  in  the  sulphite  due  to 
formation  of  sulphate.  The  instructions  given  by  most  workers  at  present 
are  to  ose  10  c.c.  of  a  10  per  cent  aqueous  solution  of  sodium  sulphite, 
and  to  add  to  this  1  c.c.  of  a  10  per  cent  solution  of  fuchsin  in  9<i  per  cent 
alcohol.)  When  tiies*'  (tasks  fontaininif  tlie  various  ingredients  ore  hot  they 
are  red  or  pink,  but  when  plates  ai*  pourtd  and  allowed  to  harden,  the 
medium  should  be  either  colorless  or  very  faintly  ]>inkiah.  It  is  best  to  pour 
a  number  of  plates  ratlier  thickly  and  then  allow  them  to  dry  with  the 
, covers  off.  Inoculations  from  the  feces  suspension  art'  then  made  by  surfncc 
■mear.  with  a  bent  gla^s  rod.  Colon  colonies  are  pinkish  and  red;  typhoid 
colonies,  smaller  and  grayish. 

In  concluding  the  description  of  some  of  the  most  important  typhoid 
isolation  media,  we  would  like  to  add  that  a  great  deal  seems  to  depend 
upon  the  babit-acquir»'d  skill  which  the  individual  worker  attains.  None  of 
theisti  stool  isolation  uunlia  ai-e  ordinarily  successful  at  once  in  the  hands 
of  anyone,  and  a  certain  amount  of  practice  must  be  attained  before  one  can 
judge  oi'  the  usefnlni*sH  or  uselessness  of  a  medium. 

BriUiant  CiTcen  Atjar  for  Typhoid  Isolation. — Krumwiede  has  recently 
devised  a  britliam  ^rei'n  n^rar  with  which  he  has  liad  excellent  results.'*^ 

The  basis  '\»  an  extract  a^r  like  that  used  for  Kndo'.s  medium: 

Beef  KJtlrnct 0.3% 

Salt   0.5% 

Peptone 1.0% 

Agar   1.5% 

(Dometitii*  peptones  arr  satinfactorj.) 

'  -'DiflBolye  in  autoclave;  clear  and  Alter.  A  clear  agar  is  essential.  The 
final  reaction  of  the  niediimi  is  to  he  neutral  to'"'  Andrade's  indicator,  which 
in  terms  of  phcnolphthalein  is  O.ti-O.TV  acid  (nonnal  HCll  or  I\y  7.2,  It  is 
more  convenient  to  have  the  reaction  set  slightly  alkaline  to  Ulmus  at  the  time 
of  preparation  and  to  acidify  each  bottle  as  used.  The  agar  is  bottled  in 
100  c.c.  amounts  and  autoelaved.  When  needed,  tite  bottles  are  melted  and 
the  volume  of  each  corrected  (if  necessary)  to  an  approximate  100  c.c.  Add 
to  each  bottle: 


'•We  arc  indebted  to  Dr.  Kntmwiedc  for  a  preliminary  account  of  this  method. 

^  Andrado  'h  Indicator:  0.^  per  cent  aqueouft  acid  fuchsia 100  c.c. 

Xormal  KaOH -►,..,. 16  c.c. 

The  dye  is  slowly  (2  buuri*)  nlkalinised  to  the  eolorbaae;  the  red  tint  is  rwlored 
by  acids. 


162 


BIOUJGV   AND   TECHNIQUE 


Ono  iiei'  i*ent  Andriuio  liidioator. 

Acid  to  bring  to  neiitmi  |>uinr  uf  the  indicator. =** 

One  per  cent  Lactose.*^ 

0.1  per  cent  Gluc4>se. 

Brillianl  Oreon  in  0.1  per  cent  aqueous  aoJutiou. 
,  Two  diltiiions  of  dye  are  used  in  routine  plating,  corresponding  to 
1.60(),00U  and  1-3^(0,000  in  terms  of  w.Iid  liyc  (<>.^  c.c.  and  0.3  ti.c.  ui  0.1 
per  cent  solution  per  100  c.c.  ot"  ojrar).  The  sample  of  dye  which  Knimwiede 
has  used  is  from  Bayer,  hul  he  has  alsu  tt^sted  and  found  etjually  satisfactory 
samples  from  Griibler  and  Uiifiwt.  0.1  jfram  of  dye  is  atrciirately  weij^hed 
on  A  foil,  washed  with  boiling  U^O  ii)to  a  100  c.c.  volumetric  flaak  and  made 
up  to  the  mark  when  roul.  The  Hask  tihould  he  clean  and  neutral  (by  test). 
Fr«h  suhiliouB  vary  in  activity  (see  slandardization  tests);  tliey  keep  about 
a  month. 

Each  bottle  is  :nixed  and  poured  into  six  plates  only  (a  thick  layer  of 
agar  pve8  the  most  characterinlic  colonies).  Plates  are  left  uncovered  until 
agar  has  "jellied'';  porous  tops  arc  used;  dry  plates  are  essential  to  avoid 
djflusion. 

(I.  Stantiardtzotion:  The  agar  must  have  proper  *^balanoe."  The  reaction  is 
important;  sediment  reduces  the  activity  of  the  dye  and  light  colored  media 
are  better  than  darker  one«.  Different  lots  uf  agar  with  the  ?-ame  dye  solution 
act  ununiformly;  a  new  batch  or  n  new  solution  must  t>e  tested. 

Any  variation  in  the  composition  Af  the  media  necessitates  a  readjustment 
of  dye  concentration;  this  statement  cannot  be  over-em]»hasized. 

Brilliant  rrreen,  in  appnipriale  dilutions,  not  only  inhibits*  all  Gram- 
positive  and  many  Gram-negative  bacteria,  but  exhibits  differential  action  on 
the  colon-typhoid  group.  Paratyphoid  and  the  B.  lactis  aerogcnes  are 
untouched,  typhoid  is  restrained  only  at  low  dilutions,  while  dysentery  and 
the  other  colon  group  are  extremely  suscejitible.  The  typhoid  colony  on 
this  medium  is  eharacteristii*.  looking  through  the  plate  against  a  dark 
sttrface,  in  oblique  light  the  colony  has  a  snowtlake  appearance;  the  edge 
delicately  serrate.  With  artificial  light  and  a  hand  lens,  the  texture  is  tliat 
of  a  coarbi*  woolen  fabric.  Acid  production  from  the  trace  of  glucose  may 
tinge  the  iHilony.    The  colony  is  lorgB. 

t,  Brilliant  Green-Sosin  Asi0rJ^ — ^Meat  infusion  agar  is  prepared  and 
titrated  to  -)-l  to  phenolphthalein.    The  following  suhatanees  are  added : 


"  An  agar  is  noutral  to  Andra<1o  when,  hot,  the  oolor  is  a  deep  red,  but  fades 
completely  on  cooling.  This  is  doteriniaed  by  cooling  3  or  4  c.c.  of  acidified  hot 
agar  in  a  eerum  (iiIh-  wndeT  th**  tup  «n»|  oiIjnHting  iirconlingly. 

"Thcw  ore  ronvt-nicntly  n-lrlivl  from  one  sterile  solution  coniaining  20% 
lnctt)*ir  «M(1  3^,  ilrsLtruiir,  S  c,r.  to  }tH)  df  sgnr  jjivps  ll«i  rofpiisite  concimt ration. 

^  Tiinjnc  ami  (turnmn,  Junr.  of  Infw.  Din.,  18,  IIMrt,  647. 
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Eosin   B/oO    por  ami 

Brilliant   yroon    1/30O  j>or  cout 

Haecliarosf    1  por  cent 

Lactose 1  per  cent 

The  typhoid  colonies  on  this  mediam  nre  lat-ge  and  have  a  grrayiah  pink 
color.  Most  stniiDs  ot  B.  coli  do  not  grow  vpon  it;  the  culouiee  of  B,  coli 
that  do  develop  have  det»p  red  pcnteiis.  Meyer  and  StickeP*  clnim  that 
better  results  arc  obtainM  with  the  brilliant  grecn-eosiu  medium  if  peptic 
digest  o^ar  is  suhsLituted  for  the  meat  iofuston  a^rar.  They  set  their  reaction 
at  P,,  =^  lu  U,8. 

Matachih-Orten  Bowllon  (Feabody  and  Pratt),"— To  100  c.C  of  beef 
inftiaion  brollt  add  10  c.c.  of  one  per  cent  solution  of  malachite  grceu  Hiichst 
120,  made  with  sterile  water.    This  is  tubed. 

This  medium  is  used  an  an  enrielitng  fluid.  One  drop  of  the  8UBf>ecled 
material  (eamlsiDcd  <ttool)  is  added  to  each  tube  and  ufter  incubation  for 
eighteen  to  twenly-l'uiir  huurs  inorutations  may  be  made  ufK>a  platea. 

Peabody  and  Pratt  found  a  reaction  of  .5  per  ceut  acidity  to  pbeuol- 
phlhalein  moat  favorable. 

LetJff  Acetate  Agar  for  the  Differentiation  of  Paratyphoid  *'A''  a9t4  ''J5.''  ** 
— One  drop  of  a  ten  per  cent  s<jluliou  of  neutral  lead  acetate  is  added  to 
every  4  c.c.  of  agar.  Tliia  is  the  original  procedure  of  Burnet  and  Weissen- 
bach. Kmmwiede  recommends  the  cooling  o£  the  agar  to  60**,  then  adding 
enough  of  a  0.25  per  cent  basic  lead  uroLate  Kolutiou  to  bring  the  concentration 
to  0.05  per  cent.  The  agar  is  tubed,  and  liurnet  and  Weissenbach  recommend 
inoculating  with  a  fine  needle  in  several  places  between  the  agar  aod  t*he 
walls  of  the  tube.  Typhoid  and  paratyphoid  **B"  bacilli  blacken  iho  medium^ 
while  paratyphoid  *'A"  leaves  it  unchanged.  B.  Enteritidis  and  Typhi 
Murium  behave  like  paratyphoid  "B." 

Bile  Medium.^* — {Kecommended  for  blood  cultuceii  by  Buxton  and  Cole- 
man.)    The  medium  is  prepared  as  follows: 

Ox-bile    BOO  o.c. 

Olyeerin  ,....,,........«•  •...ki.«.  .  100  c.c. 

Pepton  i  ■ ,.  ■  .f  .....••p.t^r.  .N.fUkv*«,«.f'««i«.»     20  grama 

at  into  small  flasks  contAining  quantities  of  about  100  c.c.  ea<^  and  sterilized 
/  fractional  steriUzation. 
Jack^oH'ti  Loflose-Jiile  Medium.^^ — This  medium  is  used  for  isolating  B. 

«3r«y«r,  K,  F.,  and  Siiekel  J,  A*..  J<rar.  of  Infec.  Dia.,  £9,  1918,  48. 
"Feabody  and  Pratt,  Boston  Med.  and  Surg.  Jour.,  civiii,  7,  1908. 
'*  Humrt  and  Wciftsenhach,  C.  K.  do  la  Soc  de  Biol.,  vol.  78,  1915,  p.  505:' 
^Conradi,  Dcut.  mert.  Worh.,  .12,  1906. 

^Jackson,  "BioL  Studies  of  Pupila  of  W.  T.  Sedgwick,"  1000,  Uzut.  Chicago 
'lesa. 
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typhoaus  and  B.  coU  from  water,  and  serves  as  a  valnnble  enriching  medium 
in  isolating  them  from  othor  sources.  Jackon  and  Melia""*  found  that  in 
this  medium  B.  typhosus  and  B.  eoli  outgrow  atl  other  microorganisms  and 
eventually  B.  tjTihosus  will  even  outgrow  B.  coli. 

It  coiuifits  of  sterilized  undiluted  ox-bile  (or  a  ten  per  cent  solution 
of  drj%  frush  ox-bile)  to  which  is  added  one  |>er  cent  pepion  and  one  per 
cent  lartose.  It  is  tilled  into  fermentation  tubes  and  sterilized  by  the  frac- 
tional method, 

MacConkey'n  Bile-Salt  Agar: 

Sodium  glrcoeholat« 0.5  per  cent. 

Pijpton    ...V'- 2.0  '*  ** 

Lactose  ...i... 1.0  '*  ** 

Agar    .4......... 1.5  "  " 

Tap  water. .".....  .J q.a. 

The  agar  and  pepton  are  dissolved  and  cleared  and  the  lactose  and  sodium 
glycocholntc  added  before  tubing.  The  B.  typhosus  ]iroducos  no  change; 
B.  coli,  producing  acid,  causes  precipitation  of  the  bile  salts. 

NeutraUHed  Medium. — To  100  c.c.  of  a  one  or  two  per  cent  glucose 
agar  add  1  c.c.  of  a  saturated  aqueous  solution  of  a  neutral-red. 

The  uietliuiii  is  used  in  tubes,  stab  or  shake  cultures.  The  typhoid  bacillus 
prudurt's  no  change,  while  memben*  of  the  colon  group  rentier  the  medium 
colorless  by  reduction  of  the  neutral-red  and  produce  gns. 

Bttriekow*n  Medium,^'^ — To  200  c.c.  of  cold  water,  add  10  grama  of 
nutrose  and  allow  to  soak  for  one-half  to  one  hour.  Pour  this  into  800 
c.c.  of  boiling  water,  and  heat  for  twenty  minutes  in  au  Arnold  sterilizer 
at  100°  C.  Filter  through  cotton  and  to  the  opalescent  solution  of  nutrose 
add  5  grams  of  NaCl,  10  grams  of  btctoBC,  and  sullicient  aqueous  litmus 
solution  to  give  a  pale  blue  color."* 

Bussell's  Double  Sut}ar  Agar.^^ — Russell  has  devised  a  mmple  medium  for 
quick  identification  of  typhoid  bacilli. 

A  27o  or  39J'  extract  agar  is  used,  about  0.8%  acid  to  phenolphtfialein. 
Enough  litmus  solution  is  added  to  give  it  the  ordinary  deep  blue.  The 
reaction  is  then  adjusted  with  sodium  hydrate  until  neutral  to  litmus.  Finally 
\%  lactose  ami  0.1%  glucose  (dissolved  in  a  small  amount  of  hot  water)  are 
added,  the  me<lium  is  carefully  sterilized  in  the  Arnold  sterilizer  and  slanted. 
Inoculations  are  made  by  surface  streak  and  stab. 


'^Jaekaon  and  Urtut.  Jour.  Tnf.  Dis.,  v\.  1909. 

^  Harsxeko\i\   W  icn.   kliu.  Riiud.,  xliv,  1901. 

■Kiltrntion  may  bo  «lone  through  pnper,  but  takes  a  long  time. 

■ift«#W/,  Jour.  Med.  Rosparrh,  xxv,  1911,  217. 
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Sharper  result^  are  obtained  with  this  mwiinm  if  1  per  cent  of  the 
idrade  indicator  (described  nbove),  is  substituted  for  the  Htinus.  When 
Andrade  is  u^ed,  the  final  reaction  o£  agar  should  be  about  Pj^  7.2,  It  k» 
best  to  standardize  tlic  rcactiua  atiainbt  the  particular  t»ulutiou  of  Andrado 
nsed.  The  reaction  of  the  znedinm  is  satisfactory  when  the  uuxture  eontcining  . 
1  per  cent  of  the  indicator  is  red  when  hot,  and  colorless  when  cold.  Typhoid 
and  ]iuratyi>hoid  A  and  B,  aitd  dyM-ntiTy.  on  this  medium  show  coIorleM 
growths  on  the  slants  the  butts,  however,  where  partial  anaerubiosis  (exists, 
show  a  deep  red  color,  due  to  acid  fennentation-  Typhoid  may  be  dis- 
tingtiiblied  fi*om  paratyplioid  A  and  B  by  the  fact  that  ty])hoidf  sin.ce  it 
•^emienta  K'n*'*^*-*^  without  the  production  of  gas,  fomis  no  (aras  bubbles  in 
the  butt,  whereas,  there  is  gas  formation  with  paratyphoid  A  and  B.  Typhoid 
td  dyneutery  give  the  identical  reaction  on  Russell's  medium  colorless  grow^th 
the  slant,  ami  acid  funnatiun  without  ^as  in  the  butt,  and  'uust  b« 
^^stinj^'uished  by  the  motility  test.  There  is  no  reliable  wny  of  dit^tin^^iiahing 
stween  paratyphoid  A  ami  11,  unless  lead  acetate  is  added  to  tlw  modiuni  (see 
tlow).  Krumwiede  i*e<>omm<*nds  the  addition  of  1  per  cent  saccharose  to 
te  1  |>er  cent  lactose,  and  0.1  per  rent  glucose  as  a  means  of  ruling  out 
of  the  "|iaratyplioid-Iiko*'  intermediates  that  fennenl  saccharose  more 
ifadly  than  lactose.  The  non-pathogenic  tyi>es  fermenting  lactose,  or  lactose 
and  saccharose,  which  are  present  in  1  ]>«>r  cent  concentrations,  j>it)dace  acid 
on  the  slant,  a»  well  as  in  the  butt,  with  the  formation  of  ga^  and  are  thus 
easily  eliminated. 

RusgfU  Doubk  .S'lif/rtr  .-Isfar  with  Lead  Acetate**' — The 'best  basis  for  this 

l^inedium  is  an  infusion  agar  which  has  been  rendered  sugar  free  and  adjnsted 

P^   7.4,  or  neutrality  to  Andrade  indicator.     To  this  medium  add  1  per 

cent  Andrade  indicator,  tube  and  sterilize  in  quantities  of  5  c.c.  to  each  tube. 

Make  up  a  solution  containing'  20  per  cent  lactose  and  2  per  cent  glucose. 

ttcrilize. 

Make  u|t  a  solution  of  U.25  basic  loud  acetate.     Sterilize. 
To  each  tube  of  the  agar  add  0.25  c.l'.  of  the  double  sugar  solution  and 
1  c.c.  of  tlie  lend  acetate  solution. 

Add  both  the  solutions  to  the  agar  at  60°  C.  under  sterile  precautions 
and  slant. 

Typhoid  bucilli  cause  a  brown  color  near  the  surface  of  the  stab.  Para- 
typhoid "A'*  nnd  dysentery  do  not  cause  any  browning.  Paratyphoid  "B" 
and  other  members  of  the  group  cause  browning.  (The  volume  of  agar  per 
tube  is  not  given  in  the  article,  but  the  sugar  percentage  works  out  for  5  c.c) 


^Kligler,  Jour,  of  Experimental  Medicine,  September,  1918. 
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Special  Media,  fob  tuk  Isolation  of  Cholera  Spirilla 

bieitdonn^  }fetUum,*^ — To  70  parts  of  ordinary  3  per  ctint  agar  made 
neutral  to  litmus,  add  30  parta  of  a  sterile  mixture  of  dettbrinated  beef 
blood  and  normal  sodium  hydrate. 

Tliia  is  sterilized  by  steam  before  beinfc  added  to  the  agar.  This  alkali 
agni*  is  pouitd  into  plati-s  and  allowed  to  dry  several  days  at  37*,  or  5  minutes 
at  GC.  The  material  to  be  examined  is  smeared  on  the  surface  of  these 
I>lnt<»a  with  a  glass  rod. 

Aron-soirA  Medium  for  Cholera  Stool  I ttohttioft.*^— This  medium  is  pre- 
pAre<i  as  follows:  35  grams  of  Agar  are  added  to  1  liter  of  tap  water  and 
soaked  over  night. 

Add  10  gruma  of  meat  extract,  10  grams  of  pepton,  5  grams  of  sodium 
chlonde  nnd  heat  in  steam  sterilizer  from  4  to  5  hours.  The  particles  are 
allowetl  to  settle  by  letlinn;  the  hot  agur  stand,  and  the  clear  supeniatant 
agar  poured  into  flasks  tt>  hold  100  e.c.  each. 

The  following  solutions  are  previously  made  and  sterilir.ed  for  V2  hour  in 
the  Arnold: 

1.  10  per  cent  solution  of  sodium  carbonate 

2.  20  per  cent  solution  of  cane-sugar 

3.  20  per  cent  solution  of  dextrin 

4.  saturated  solution  of  hBM<-  fuclisin 

5.  10  per  cent  solution  of  sodium  sultite  (sterilized  hy  being  brought  to 

ft  boil) 

To  100  c.v.  of  agar  add  6  c.c.  of  the  10  per  cent  solution  of  sodium 
carbonate  and  heat  for  15  minutes  at  100°  C.  The  agar,  because  of  the 
alkalinity,  becomes  brown  and  cloudy.  While  hot,  add  .'>  v.v.  of  the  20  per 
cent  solution  of  cane-sugar,  0  c.c.  of  the  20  per  cent  solution  of  dexti-in, 
0.4  CO.  of  the  saturated  solution  of  basic  fnchsin,  and  2  e.e,  of  the  10  per 
cent  sodium  sulfite  solution.  The  flask  is  allowed  to  stand  to  let  the  coarser 
particles  settles,  nnd  jdntes  are  poured  with  the  clear  supernatant  fluid.  The 
principle  of  this  me«iium,  like  Dieudonnc's,  depemls  upon  the  ability  of 
cholera  spirilla  to  grow  on  very  alkalin  media  and  upon  their  ability  to 
split  polysaeoharites  with  acid  and  aldehyde  furnmtion. 

Cholera  «trains.  recently  from  the  humnn  body,  give  large  red  colonies 
in  from  15  to  20  hours,  whereaa.  the  colon  rolonies  are  smaller  and  colorleas. 
Teogue  and  Travis*^  found  that  strains  of  cholera  spirillum  that  had  been 
out  of  the  human  b*>dy  for  some  time  did  not  yield  red  colonics  i)mrnptly, 
but  they  obtained  exceUent  results  even  with  these  cultures^  if  tlicy  added 
0.25  i>er  cent  nutrose  to  Aronson's  medinni. 


"Picudonn*?.  Cent.  f.  Bakt..  I.,  orig.,  1009. 

^ATunson,  Dcut.  mcd.  Wwh..  41,  1915,  1027. 

^Tenaue  and  Travia,  Jour,  of  Infec.  Dia.,  18,  1916,  601. 
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Tea()U^  fl«f7  Travis  Medium  for  thf  Cholera  SjHriUum,** — Tbey  prepare 
tlu'ir  mcHlium  as  follows: 

Two  pounds  of  chopped  beef  are  soaked  in  2  liters  of  distilled  water  in 
Ih©  ice  box  over  night.  The  fluid  is  squcejced  out,  hcnted  in  the  AriH>Id» 
flltei'ed  Ihrouph  filter  jiaper  and  made  neutral  to  litraus  with  aoduim  hydrate, 
and  is  heated  ajiaiii.  After  bein^f  allowed  to  cool,  it  is  inociilnte«l  with  colon 
bacilluh,  and  incubated  for  2  or  il  days  to  make  it  .su^ar  free.  A^ar  is  then 
prepared  from  it  by  adding  I  per  cent  pepton,  0J>  |ier  oent  eodiuni  chlorid 
id  flenrin^'  with  ei:p.  Tlie  reaction  13  adjusted  to  — (I.."!  phenolphtlialpinf 
after  the  at;ur  Uas  l>eeii  cleared  and  filtered,  t).2.')  \wr  cent  niitroiw  is 
addeil.  A  stock  u'lueoiia  solution  of  U  per  cent  bluish  eoain  is  kejU  on  Imnd 
in  the  dark,  also  »  I  i>er  cent  stock  solution  of  Bi»«inrck-bi"owu.  Tlie  Bis- 
marck-brown solution  must  bo  made  up  in  water  contjiininp  10  per  cent  of 
lactose,  hecauf^e  it  is  entirely  t^olublc  to  1  per  cent  in  disti]le<I  water  <Uone. 

To  50  0.1-.  of  this  nut  rose  agar  add  1  per  cent  saccharose,  1  c.c.  of  the 
3  per  cent  eoain  solution,  and  2  c.o.  of  the  1  per  cent  Bismarck-brown  solution. 
After  this  mixture  ha.s  bt^n  shaken  until  the  stain-i  are  unifonnly  distrihuted» 
fiour  Illate^.  Tlu'se  plates  are  uncovered  and  placed  on  a  nhcU,  I'aee  down, 
in  the  incubator  lor  20  minutea  to  remove  excess  of  uioiaiuie  before  BUiearing. 
On  tins  n)e<liiiin  the  ditTetcntiation  of  the  cholern  colouiea  is  striking,  with 
large  and  with  red  centers,  wliilc  the  colon  colonies  nn^  unifonnly  piuk. 

Rabbit's  BUmd  for  Ducrejt  Uacilluff  f'aUtvatioh, — Kabbits  are  bled  from 
the  heart  with  a  sterile  i«>TinKe  and  about  IVj  to  2  c.c.  plnced  into  small 
test  tubes.  The  blood  is  allowed  to  clot  Bud  iunvtivated  at  36°  for  Yi  hour. 
This  makes  an  exri'llenl  medium  for  the  cultivation  of  the  Ducrey  bacillus, 
for  streptococci  and  aonie  other  ori^nisms.  It  ia  also  excellrnt  for  the 
preservation  of  streptococci  and  pneumococci  in  n  virulent  condition. 

The  prrpartUion  of  Anarrobic  J'wswc  TubcB  for  the  CuUiiotlou  of  SpirO" 
efiaetes  aiff  /tther  Attatrobes. — This  is  the  Tarrosti  and  Smith  method  of 
usiuK  tissue  for  anaerobic  purpose,  adapted  by  NofEuchi  for  tlic  cultivation 
of  various  spirochuetes.  Tliu  pruportiuns  of  broth,  serum  and  a;:ai-  are 
adapted  to  the  particular  purpose  for  which  it  ia  to  be  usod.  It  is  necessarji, 
therefore,  in  this  phure  only  to  ilescribe  the  best  nictlu>d  of  pultintiT  up  the 
tissue  tubes.  Hi^h,  narrow  test  tube^  are  used,  nbuut  7  to  8  inches  in  leni^b, 
with  a  diameter  not  larger  than  that  of  a  Wa<isermann  tube.  One-half  inch 
tubes  are  convenient.  A  rabbit  is  rapidly  killed  by  etber  a/iesthesia,  It  is 
best  to  bleed  him  from  the  carotid  at  the  same  time,  in  order  not  to  waste 
ihe  blood.  The  animal  is  innriedintcly  opened  with  strrile  precjiutions.  It 
IS  beat  to  dissect  off  the  fur  and  wash  the  abdominal  wall  with  alcohol  before 
opening  the  abdomen.  The  abdomen  is  then  opened  carefully  and  widely, 
so  that  the  organs  can  be  easily  reached  without  nnnecessarv  poking  about. 


**TeaifU0  and  Travis,  Jour,,of  Inf©c,  Dis.,  18,  191«,  601. 
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The  intestines  are  pnlled  aside  so  as  to  uncover  the  kidneys.  With  a  fresh 
set  of  instruments,  the  hiJum  of  the  kidney  is  now  ^rnsped  and  the  kidney 
rapidly  separated  from  its  capsule  and  passed  throngh  the  flame  before 
being  placed  into  a  sterile  Petri  plate.  The  spleen  muy  be  removed  in  the 
Bame  way. 

The  kidney  and  spleen  ahonid  then  be  cut  np  with  the  utmost  precautions 
of  sterility.  Work  in  a  dustless  place  with  the  windows  closed  and  several 
Bunsen  llames  goin^  close  to  the  field  of  operation.  An  assistant  slightly 
raisins  the  cover  of  the  Petri  plate  and  the  baeteriologrist.  working  with  sterile 
forceps  and  n  sterile  old  knife  which  can  be  constantly  flamed,  cuts  the 
kidney  in  pieces  of  appropriate  size  ag'ainst  the  bottom  of  the  plate.  In 
placing  these  bits  of  tissue  into  tubes,  the  stopper  of  the  sterilized  t^be 
i»  pulled,  and  the  tube  heated  around  its  lips  and  upper  one-half  inch. 
The  tissue  is  tht«n  rapidly  passed  into  the  flame,  thrust  into  the  mouth  of 
the  tube,  the  cotton  stopper  flamed  and  inserted.  The  tube  is  then  jifiven 
a  rapid  flip  with  the  hand,  which  sends  the  tissne  to  the  bottom.  When 
these  tubes  nre  filled  with  broth  and  ascitic  fluid  or  agar,  they  should  be 
incubated  before  use  and  the  unsterife  onos  discarded. 

In  most  of  No^uchi's  work,  and  siome  of  our  own,  parnffln  oil  wa-s  used 
over  tlie  tops  of  these  tubes.  The  scaling  properties  of  this,  however,  are 
not  what  they  were  formerly  supposed  to  be.  Air  passes  through  this 
parofhn  oil,  and  if  scaiinp  is  desind  it  is  much  better  to  heat  the  upper 
empty  jmrt  of  tlie  tubes  thoroughly,  and  thrust  in  a  paraflin  stopper.  The 
top  of  the  fluid  also  can  be  covered  with  melted  parafl)n  which  will  solidify 
in  the  inenbator. 

Cooked  Meat  Medium,  Pohertsan*'^  for  the  Cultivation  of  Anaerobes, — 
250  grams  of  beef  heart  are  minced  and  ground  in  a  mortar.  Add  250  c.c. 
of  tap  water,  heat  slowly,  cook  thoroughly,  neutralize  lo  litmus  with  NaOH, 
tube  and  sterilize  in  autoclave. 

The  simplest  method  of  making  cooked  meat  media  which  ^ves  satis- 
factor>'  results*  with  the  majority  of  the  anaifrobic  bacilli,  is  the  following. 
A  few  pieces  of  chopped  meat  (not  necessarily  heart)  are  placed  in  the 
bottom  of  the  tube,  enough  infusion  broth,  P,^  7.8,  is  added  so  that  there 
are  about  3  c.c.  clear  broth  over  the  meat.  The  medium  is  ready  for  use 
after  autoelavinp.  The  reaction  usually  becomes  more  acid  on  autoclaving 
in  the  presence  of  the  meat  fra^eots.  The  optimum  for  the  most  anaerobic 
bacilli  is  P^  =7.4. 

Enriching  Substances  Used  in  Media. — For  the  cultivation  of 
microorganisms  whieh  are  sensitive  to  their  food,  environment,  it  is 
often  necessary  or  advisable  to  add  lo  tliu  ordinarj'  media  enriching 
substances,  which  empirical  study  has  sho^Ti  to  favor  the  growth 


THE  PREPARATION  OF  CULTirRE  MEDIA 


im 


of  the  orgauism  in  qm'Stion.  The*  substances  most  commonly  used 
for  sui'Ii  enrichment  arc  glucose,  nutrosc  (sodium  caaeinate),  gly- 
cerin, sodium  formate,  and  uiisolidificd  animal  proteins.  As  animal 
and  blood  serum  and  whole  blood  must  frequently  be  used  in  this 
way,  an  understanding  of  the  methods  employed  in  obtaining  these 
substances  is  necessary. 

Method  of  Obtaining  Blood  and  Blood  Media. — Blood  serum  from 
beef  and  sheep  may  be  collected  in  the  manner  recommended  for 
the  collection  of  such  serum  in  the  preparation  of  Locffler's  medium, 
pipetted  into  test  tubes,  and  sterilized  in  the  fluid  state  by  exposure 
to  temperatures  ranging  from  60°  to  65°  C,  for  one  hour  upon  six 
consecutive  days.  It  is  not  a  mmple  matter  to  stcnlize  serum  in 
this  way  and  requiri's  much  time  and  care. 

The  method  most  commonly  employed,  in  laboratories  which  have 
access  to  hospitals,  for  obtaining  clear  serum  depends  upon  the  col- 
lection of  exudate  or  transudate  fluids  by  sterile  methods  directly 
from  the  pleural  cavity,  the  abdominal  cavity,  or  the  hydrocele 
ra\nty.  Sterile  flasks  or  test  tubes  are  prepared  and  the  fluid  is 
allowed  to  flow  directly  out  of  the  cannula  into  these.  It  is  necessary 
to  avoid  carbolic  acid  or  other  disinfectants  in  sterilizing  instru- 
ments and  rubln^r  tubing  us<'d  during  the  operation.  These  stiould 
be  brought  into  the  ward  in  the  water  in  which  they  have  been 
boiled  and  not  in  strong  antiseptic  solutions,  as  is  frequently  done. 
The  fluid  so  obtained  may  be  incubated  and  the  contaminated  tubes 
discarded.  The  sonun  may  then  be  added,  in  proportions  of  one  t0 
three,  to  sterile  broth  or  melted  agar. 

Agar  thus  used  is  melted  and  cooled  to  60°  C,  or  below.  One- 
third  nf  its  volume  of  warmed  exudate  fluid  is  added,  and  the  plates 
are  poured. 

Serum  may  be  rendered  free  of  bacteria  by  filtration  through  a 
Berkefeld  or  Pa.stenr-Ohambei'land  filter.  This  is  an  effectual 
method,  but  requires  much  time  and  care. 

Whole  blood  may  be  obtained  for  cultural  purposes  by  bleeding 
rabbits  or  dogs  or  other  animals  directly  from  a  blood-vessel  into 
tubes  of  melted  agar.  In  the  case  of  a  rabbit,  after  the  administra- 
tion of  an  anesthetic  (ether),  an  incision  is  made  directly  over  the 
trachea,  and,  by  careful  section,  the  carotid  artery  is  isolated,  lying 
close  to  the  side  of  the  trachea.  Blood  may  be  collected  and 
hemolysed  by  the  gradual  addition  of  the  smallest  amount  of  ether 
which  will  completely  hemolyse  the  amount  treated     This  may  be 


170 


BIOLOGY  ANTD  TECHNIQUE 


kept  in  stoppered  sterile  bottles  and  added  to  agar  as  desired.  This 
is  particularly  useful  in  preserving  blood  for  routine  work  on  menin- 
gococcus carriers. 

Mcthodii  of  bleeding  animals  are  briefly  described  above. 


SELEcrn'E  Action  of  Dye  Stuffs 

In  describing  the  selective  media  for  typhoid  bacilli  we  have 
seen  that  malachite  green  and  crystal  violet  have  been  found  to 
exert  a  certain  amount  of  selective  action  upon  the  typhoid  and 
colon  groups.  The  selective  influence  of  various  dyes  has  been 
recently  a^ain  studied  by  Churchman.  Chnrohman*"  found  that  the 
adtlition  of  gentian  violet  in  dilutions  of  1 :10(),000,  to  media,  in- 
hibited some  bacteria,  while  others  grew  luxuriantly  in  its  presenee. 
Kxtremely  interesting,  both  practically  and  theoretically,  is  his  ob- 
servation that  iipon  such  gentian  violet  media  bacteria  fall  into  two 
gi'oups.  Those  which  grow  on  gentian  violet  correspond  in  a  general 
way  to  the  Gram-negative  bacteria;  those  which  fail  to  develop  on 
these  media  correspond  roughly  with  the  Gram-positive  species. 
On6  strain  of  the  enteritidis  group  could  not  be  cultivated  on  gen- 
tian violet,  and  this  was  found  to  differ  from  the  others  also  in  its 
agglutination  tests. 

Signorelli*'  claims  that  dahlia  is  useful  in  differentiating  true 
cholera  strains  from  similar  spirilla.  The  true  cholera  strains  grew 
with  colored  colonies,  while  others  remain  colorless,  in  his  experi- 
ments. 

Kruinwicde  and  Pratt**  were  unable  recently  to  confirm  the 
claims  of  Signorelli.  However  they  fully  confirm  the  fimiings  of 
Churchman  both  as  to  the  selective  action  of  gentian  violet  and  in 
regard  to  tlie  cla.ssification  of  bacteria  into  two  groups  corresponding 
to  their  reaction  to  the  Oram  stain.  They  state  that  among  Gram- 
negative  bacteria  a  strain  is  occasionally  found  which  will  not  grow 
on  the  gentian  nolet  media,  dilTcring  in  this  respect  from  other 
members  of  the  same  species.  They  find  also  that  the  reaction  is 
quantitative. 

The  streptococcus-pneumocoeeus  group,  according  to  their  in- 


%  '^Chwchman,  Jmir,  Exp.  Mrt].,  16,  1012;  aliw  Churchman  \nd  SlicKael,  ibid. 
f    fSiffHoreHi,  Crntrnlbl.  f.  Bnkt.,  Grig.  .56,  lfll2. 

•KrumuMdc  ami  Pratt,  Centmlbl.  f.  Bakt.,  Origr.  OS,  1913;  and  Proe.  N.  Y, 
Path.  Sq^.,  xiiii,  1913.  .  k ,/ 
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vestigations,  differs  from  other  bacteria  In  being  able  to  grow  in 
the  presence  of  quantities  of  violet  wliieh  inhibit  other  Gram-positive 
Gpeoies.  Dysentery  bacilli  sho^  variations.  They  found,  however 
that,  in  addition  to  gentian  violet,  Hoffman  violet,  crystal  violet, 
dahlia  %iolet,  fuehsin.  rosanilin  and  methyl  violet  will  inhibit  <  Jram- 
positivc  but  not  Gram-negative  bacteria  in  dilutions  of  from  1  to 
6000  to  1  to  50.000. 


CHAPTER 


METHODS  USED  IN  THK  *'l'LTIVATION  OF  BACTERIA 


INOCULATION    OF    MEDIA 


The  transference  of  bacteria  from  iiatholojn***!!  material  to  media, 
or  from  medium  to  medium,  for  purposes  of  cultivation,  in  usually 
accomplished  by  means  of  a  platinum  wire  or  loop.  The  platinum 
wire  used  should  be  thin  and  yet  possess  a  certain  amount  of  stiff- 
nesa  and  be  about  two  to  three  inches  in  lengrth.  Tins  is  fused  into 
the  end  of  a  glass  rod  six  to  eight  inches  long.  It  is  an  advantage, 
though  not  necessai'y,  to  use  rods  of  so-called  "sealing-in"  glass 
wliich,  having  the  same  coefficient  of  expansion  as  platinum,  does 
not  crack  during  sterilization.  For  work  with  fluid  media,  the  wire 
should  be  bent  at  its  free  end  so  a-s  to  form  a  small  lixip  which 
idll  pick  up  a  drop  of  the  liquid.  For  the  inoculation  of  solid  mtdia 
and  the  making  of  stab  cultures,  a  straight  "needle"  or  wire  should 
he  used.  Other  shapes  of  these  wires  and  spatula?  from  heavy  Avire 
have  been  devised  for  various  purposes  and  are  easily  improvised 
as  occasion  demands. 

When  making  a  transfer  from  one  test  tuho  to  another,  ttie  tubes 
should  be  held  between  the  thumb  and  tirst  and  second  fingers  of 
the  left  hand.  (See  Fig.  12.)  The  plugs  are  then  removed  by 
gi-nsping  them  between  the  small  and  ring  fingers  and  ring  and 
middle  fingers  of  the  right  hand,  first  loosening  any  possible  adhe- 
sions between  glass  and  plugs  by  a  slight  twisting  motion.  The 
platinum  wire  is  held  meanwhile  by  the  thumb  and  index  fingers 
of  the  right  hand  in  the  manner  of  a  pen.  The  wire  is  heated  red 
Iiot  in  a  Bunsen  flame,  and  is  then  passed  into  the  culture  tube 
without  being  allowed  to  touch  the  glass.  It  is  held  suspended 
within  the  tube  for  a  few  seconds  to  permit  of  cooling  before  touch- 
ing the  bacterial  growth.  The  wire  is  then  allowed  to  touch  lightly 
the  surface  of  the  growth  and  a  small  amount  is  picked  up. 
It    is    then    removed    from    the    tube    without     allovving    it     to 
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touch  the  sides  of  the  glass,  and  is  passed  into  the  tnbc  which  in 
lo  hv  iuooulatcd.  If  the  tube  contains  a  slanted  medium,  such  as 
agar,  a  light  stroking  motion  from  the  bottom  of  the  slant  to  its 
apex  ■vvill  deposit  the  bacteria  upon  the  medium  evenly  along  a 
central  line.  The  needle  may  also  be  plunged  downward  into  the 
substance  of  the  nutritive  material  so  that  in  the  same  tube  both 
surface  growth  and  deep  growth  may  Ix;  otwerved.  If  a  stab  culture 
is  to  l>e  made  in  uuslanted  agar  or  in  gelatin,  the  needle  is  simply 
plunged  straight  doAvnward  as  nearly  as  possible  along  the  axis  of 
the  medium.  If  a  fluid  medium  is  beinp  inoculated,  the  wire  should 
be  introduced  only  into  the  upper  part  of  the  liquid  and  the  bacteria 
gently  rubbed  into  emulsion  against  the  side  of  the  glass.     The 
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e  is  then  removed  from  the  tube,  the  stopper  carefully  replaced, 
ind  the  platinum  wire  immediately  sterilized  in  the  flame.  This 
sterilization  of  platiimm  needles  after  they  have  been  in  contact 
with  bacteria  should  become  second  nature  to  those  working  with 
bacteria,  since  an  infraetion  against  this  rule  may  give  rise  to  serious 
and  widespread  consequences.  In  burning  off  platinum  needles  it 
is  well  to  remember  that  a  part  of  the  glass  rod,  as  well  as  the  wire 
itself,  is  introduced  into  the  tubes  and  may  become  contaminated 
and  for  this  reason  the  rod  itself,  at  least  in  its  lower  two  or  three 
inches,  should  be  passed  through  the  flame  as  well  as  the  wire.  As 
an  extra  precaution  against  contamination,  the  lips  of  test  tubes  and 
flasks  and  the  protruding  edges  of  cotton  plugs  may  be  passed 
through  the  flame  and  singed. 
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THE  ISOLATION  OF  BACTERIA  IN  PURE  CULTURE 

It  is  obvJoiM  that  in  many  eases  whei*^  Imcteria  ai*e  cMiltivated 
frcita  water,  milk,  patholo^cal  material,  or  oilier  souvces.  many 
iqsersai  m«y  be  present  in  the  same  speeimon.  It  is  likewise  obvious 
that  wfii'ntific  bactcrioloijical  stndy  of  any  bacterium  can  be  made 
only  If  we  obtain  this  particular  species  entirely  apart  from  otliers, 
in  what  ia  known  as  "pure,  culture."  The  earliest  methods  for 
a«wmip!i»}iinK  thia  were  the  methods  of  Pasteur  and  of  Cohn  who 
depended  apon  tlie  power  of  one  species  to  outgrow  all  otiiers,  if 
i*ultivated  for  a  sofficicnt  length  of  time  in  fluid  media.  Tliis  method. 
of  coamr,  wa»  inader|iuite  in  that  it  was  often  purely  a  matter  of 
ehanc<*  wbkh  one  of  the  mixture  of  species  was  finally  obtained  by 
Utielt  A  lat<?r  method,  by  Klebs,  depends  upon  serial  dilution,  in 
l4f»t  tubea  of  fluid  media,  by  which  the  eventual  transfrrenee  of 
ant*  irrrm  only,  to  the  Inat  tul»o  was  attempted.  Sueh  metlmds,  none 
of  them  of  in'''ftt  practical  value,  have  been  entirely  displaceil  by 
ihoM  fnadf  powiblf  by  Koch's  introduction  of  solid  media  whieh 
may  b*-  n-rider-d  ftnid  by  luai. 

The  irii't^MMk  now  rmployed  for  the  isolation  of  bacteria  depend 
U|Mfn  th«*  in(M-:ulAtion  of  ifelatln  or  ai>;ar,  when  in  the  melted  slate, 
Ihc?  thurouKh  <liMlribulion  of  the  bacteria  in  these  liquids  by  mixing, 
and  th«  sulAiHjurnt  conKcaling  of  these  media  in  thin  layers.  By 
thin  fijfans  the  Indhidnal  baeteria,  distributed  in  the  medium  when 
liquid,  are  held  apart  and  separate  when  the  medium  becomes  stitT. 
The  masaea  of  ^owXh  or  "colonies"  which  develop  from  these  single 
laolatcd  mifrfKirRnuiHniH  arc  discrete  and  are  descendants  of  a  single 
orMantMm,  and  cfin  br  transfrrrttd,  by  means  of  a  proeesK  know^ 
an  " colony 'fluhinif,"  to  frcnh  sterile  culture  media. 

Plating.— The  fii-Ht  method  employed  by  Koeh  for  haelnnal  isola- 
lioiiM  was  o}ie  that  consisted  in  the  use  of  simple  plates  ot*  glasa, 
aliout  3X4  inches  in  sixe,  mounted  upon  a  leveling  stand.  A 
nrooden  triangle,  supported  upon  three  adjustable  screw-feet,  formed 
lijo  base  of  this  apparatus.  Upon  this  was  sot  a  covered  eryst^llixing 
dlnh  which  eniikl  be  tilled  with  ice  water.  Upon  the  top  of  this 
rented  the  sterilized  plates  under  a  bell  jar.  By  screwing  up  or 
down  upon  the  supports  of  the  triangle,  leveling  of  the  pJate  could 
Iw  achieved  and  controlled  by  a  spiritdevel  placed  at  its  side.  The 
inoculated  gelatin  was  poured  upon  tlie  plate  and  spread  and  rapidly 
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cooled  and  Imnlfupil  by  tbn  cnlil  uatir  foiitaini'd  ill  til.'  crystallijdns 
dish. 

Tlie  ongtitul  mt'tiiotl  ui  Koch  iuiK  het-ii  modified  euiihiderahly  and 
the  method  iuuvei-&all>-  employed  at  present  depends  upon  the  use 
of  circular  covered  dishes,  the  so-eallid  Petri  dishfis.  These  obviate 
the  necessity  of  a  leveling  ntand  aixd  prevent  uuntaniiimtion  of  the 
plate  when  once  poured.  Kaeli  Pttri  dish  plate  eonsisU  of  two 
circular  glass  dislieK;  tlu'  i^uinller  and  bottom  disli  lian  an  area  of 
63.6  square  centimeters-,  the  larger  is  used  as  a  cover  for  the  sinaller. 
and  forms  a  loosely  fitting  lid.  The  plates  when  fitted  together  are 
gtcrili7.ed  and  tliiis  form  a  elosfd  cell  wliieh.  if  properly  handled, 
may  remain  sterile  indefuiitely. 


Tiff.   13.— I-VOCTTLATIWa 


The  technique  for  making  a  pour  plate  for  the  purpose  of  isolating 
bacteria  fi*om  mixed  culture  is  as  follnws: 

The  actual  '*poui"ing*'  of  plates  is  preceded  by  the  preparative 
of  usually  three  graded  dilutions  of  the  material  to  be  examined. 
For  this  purpose  three  agar  or  gelatin  lubes  are  melted  and,  in  the 
case  of  the  ng«i ,  aiT  cooled  to  a  temperature  of  al)out  42°  C.  in  a 
water  hath.  A  i>latinum  loopful  of  tlie  material  to  he  examined  ia 
traj^sferred  to  one  of  these  tubes.  The  bacteria  are  then  thoroughly 
distribute*!  througliout  the  melted  gelatin  or  agar  by  altcinateiy 
depressing  and  raising  the  plugged  end  of  the  tube^  giving  it  a 
rotary  motion  at  the  same  lime.  This  thoroughly  distribute*  the 
bacteria  thrmighout  the  medium  without  allowing  tJie  formation  of 
aii'-buhblcs.  Two  Ujopfvils  of  tliis  mixture  are  then  transferred  to 
the  3ccond  tube  and  a  similar  mixing  process  is  repeated.     This 
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second  tube  contains  the  bacteria  in  much  greater  dilution  than  the 
first  and  the  colonies  which  will  form  in  the  plate  poured  from  this 
tube,  will  be  farther  apart.  A  third  dilution  is  then  made  by  trans- 
ferring five  loopfuls  of  the  mixture  in  the  second  tube  to  the  third. 
This  again  is  mixed  as  before.  The  contents  of  the  tubes  arc  then 
poured  into  three  sterile  Petri  dislies.  Tlie  pouring  should  bo  done 
with  great  care.  The  cover  of  tlic  dish  is  raised  along  one  margin 
simply  far  enough  to  permit  the  insertion  of  the  end  of  the  test 
tube,  the  plug  of  which  has  been  removed  and  the  lips  passed,  -with 
a  rotary  movement,  through  the  flame.  The  medium  is  poured  into 
the  dish  without  the  lips  of  the  tube  being  allowed  to  touch  either 
the  bottom  or  the  cover  of  the  dish.  The  cover  is  then  replaced 
and  the  medium  allowed  to  harden. 


Vm.  14. — PocRLVo  JNOCCLATLVO  Medutm  PRf>\i  Pktri  Dish 


When  agar  has  been  u.sed.  the  dishes  may  be  placed  in  an  in- 
cubator at  37"  C.  It  is  well  to  place  the  plates  upside  down  in 
the  incubator.  This  pi-events  the  condensation  water,  squeezed  out 
of  the  agar  during  liardening,  from  collecting  cm  its  surface,  and 
forming  channels  for  the  diffuse  spreading  of  bacteria.  The  same 
end  may  be  attained  by  the  use  of  Petri  plates  provided  with  porous 
earthenware  lids,  as  suggested  by  Hill.  Simple  inversion  of  the 
plates,  however,  usually  suffices.  When  gelatin  has  been  used,  the 
plates  are  allowed  to  remain  in  a  dark  place  at  room  temperature 
or  in  a  special  thermostat  kept  at  22°-25°  C. 

Colonics  in  agar,  kept  at  37.5*  C..  usually  develop  in  eighteen 
to  twenty-four  hours;  those  in  gelatin  or  agar  at  room  temperature 
in  from  twenty-four  to  forty-eight  hours,  depending  upon  the  species 
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of  bacteria  which  are  being  studied.  Often  in  the  second  dilution, 
more  froquently  in  the  third,  the  colonies  will  be  found  well  apart 
and  can  then  b**  "fished."  The  process  of  "colony-fislung"  is  one 
which  requires  practice  and  should  always  be  done  with  care,  for 
upon  its  success  depends  the  purity  of  the  sub-culture  obtained. 
Colonies  should  lu'ver  be  fished  imder  the  naked  eye,  no  matter  how 
far  apart  and  discrete  they  may  appear,  since  not  infrequently  close 
to  the  «.*dgo  of  or  just  beneath  a  larger  colony  there  may  be  a 
minute  colony  of  another  species  which  may  be  too  small  to  be 
visible  to  the  naked  eye,  but  which,  nevertheless,  if  touched  by 
accident  will  contaminate  the  sub-culture. 

For  proper  "fishing/*  the  Petri  plate  with  cover  removed,  should 
be  placed  upon  tho  stage  of  the  microscope  and  examined  vr\\h  a 
low  power  objective,  such  as  Leitz  No.  2  or  Zeiss  AA.  The  sterilized 
platinum  needle,  held  in  the  right  hand,  ia  then  carefully  directed 
into  the  line  of  foous  of  tlic  lens,  while  the  small  finger  of  the 
band  is  steadied  upon  the  edge  of  the  microscope  stage.  When  the 
point  of  the  needle  is  clearly  visible  through  the  microscope,  it  is 
gently  depressed  until  it  is  seen  to  touch  the  colony  and  to  carry 
away  a  portion  of  it.  The  needle  is  then  withdrawTi  without  again 
toucliing  the  nutrient  medium  or  the  edges  of  the  glass  or  the  lens, 
and  transferred  to  a  tube  of  whatever  medium  is  desired.  In  this 
way,  individuals  of  one  colony,  descendants  of  a  single  bacterium 
of  the  original  mixture — are  carried  over  to  the  fresh  medium. 


^ 


Esmarcb  Eoll  Tubes.* — A  simple  method  of  obtaining  separate  colonies 
IB  that  devised  by  von  Eamarch  and  known  as  *  *  roll-tube  * '  cultivation.  Tubes 
of  meU«l  gelatin  are  inoculated  with  various  dilutions  of  the  baclerial 
mixture  and,  while  still  liquid,  are  laid  in  an  almost  horizontal  position 
upon  a  block  of  ice,  which  has  been  jrrooved  slicrhtly  by  means  of  a  test 
tube  filled  with  hot  water.  The  test  tube  containing  the  jrelatui,  after  being 
|>lAced  in  this  groove,  is  rapidly  i*e\*olved  by  iias.iing  the  ftngers  of  the  right 
hand  across  it,  while  its  hnse  i.n  cnrefnlly  stnndiefl  with  the  left  hand.  Tf 
the  revolving  is  oarnt'd  out  with  snllicient  sjiet-d,  the  p^Iatin  will  harden 
in  a  thin  layer  on  the  inner  surface  of  the  tnlie.  The  colonies  will  develop 
in  this  layer  and  may  be  ^'tishe^l"  by  means  of  a  platinum  wire  with  bent 
j>oint  introduced  into  the  tube.  This  method  is  ufteful  for  certain  purposes, 
but  is  too  ioeonvenient  for  routine  work.    It  is  now  rarely  uscod. 


'S»man'h,  Zeit.  f.  H,v«.,  i,  1886. 
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Separation  of  Bacteria  by  Surface  Streaking. — When  it  is  neccs^ 
sary  to  isolaio  bacteria  like  the  gouoeoct^us  Baoilhis  iiiituenzK,  the 
yneiUBOOOceiUi.  and  others,  which,  because  of  i^ri'at  scnsitivenoss  to 
enirironnient  and  posmbly  a  preference  for  fwv  oxygen,  are  not 
readily  grown  in  poiu*  plates,  it  is  often  advantageous  first  to  pour 
platC'S  of  suitable  media,  allow  them  to  harden,  and  then  gently 
snear  urer  their  surfaces  dilutions  of  the  infectious  xuaterial,  usually 
in  throe  or  four  parallel  streaks. 

Upon  sueh  plates,  if  dilutions  have  been  properly  made,  and 
thb  tt  only  a  qaeation  of  judgment  based  upon  an  estimation  of  the 
numbers  of  bacteria  in  the  original  material,  discrete  colonies  of 
the  nlicroorganLsins  sought  for  may  develop,  and  can  be  '^fished*' 
is  t^e  usual  nmnner.  ' 

The  mf^iia  most  favorable  for  the  cultivation  of  various  micro- 
organisms  will  be  diacuased  in  the  sections  dealing  with  the  in* 
dindual  spcejea. 

IUkbeic  Pipkttb  Method  for  the  Isolation  op  StngiiK  Mioro- 
OftOA.vmus. — Although  we  consider  this  one  of  the  very  important 
methods  of  bacteriologienl  study,  we  shall  give  no  extensive  descrip- 
tion of  the  apparatus  or  the  manner  of  using  it,  because  both  are 
too  Complicated  to  permit  of  satisfactory  use  from  text  book  descrip- 
tion. The  principle  of  the  method  depends  upon  a  specially  pre- 
pared meehanieul  stage  adjusted  to  a  eom]K)und  microscope  on  wlueh 
there  b  ft  moist  chamber  closed  with  a  large  coverglass,  on  the 
bottom  of  which  drops  of  flnid  containing  bacteria  can  be  placed. 
A  very  fine  glass  pipette,  manipulated  by  a  specially  constructed 
pipette  bolder  and  with  a  rubber  tubing  attached,  is  governed  by 
observation  thrtfugh  the  microscope  and  by  means  of  it  small  drops 
of  tlu'  fluid  are  taken  up,  an  attempt  being  made  to  obtain  a  single 
microorganism  in  these  drops.  With  a  little  practice  this  can  be 
accomplished,  and  these  separate  drops  in  which  the  individual 
bacteria  can  be  seen  swimming  about,  are  made  to  suspend  from 
the  bottom  of  the  cover  slip,  closing  the  top  <»f  the  moist  chamber. 
The  npparntiis  eun  Im*  understood  and  worked  only  by  practice  and 
Huitnhle  instruction,  togethi'r  with  a  study  of  the  description  given 
by  Barber  in  his  article  in  the  Philippine  Journal  of  Science*  The 
apparatus  ia  made  by  a  ntunber  of  firms  under  the  name  of  the 


•  harbrr.  Philippine  Jo«r.  of  Science,  Sec.  B,  Vol.  9,  Nft.  4,  AtiKtint,  IPH". 
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Barber  Single  Cell  ApparBtua,  and  no  descripUon  that  could  be  given 
in  n  tfxl  book  would  W  o(  siiffiricnt  valiu-  to  W  allowed  to  take 
op  space. 

ANA£ROBIC    METHODS 

Wc  have  seen  in  a  preceding  chapter  (p.  28)  that  many  bacteria, 
the  9o-adlpd  anaerobes,  will  develop  only  in  an  environment  from 
which  free  oxygen  has  been  excluded. 


Fig.  1j  —Deep  .Stab 
CoLTiVATioN  or  vVn- 
aKrobic  Bacteria. 


Fw.    10. — ^Dekp   ^tab 

CrLTIVATTOK  OF  As- 
AKttOBIC   B\CTEftlA. 


The  exclosion  of  oxygen  for  purpost^  of  anaerobic  cultivation 
may  be  accomplished  by  a  variety  of  methods,  depending  upon  a 
few  simple  principles  which  have  been  applied,  either  separately 
or  in  combination,  by  many  workers. 

The  earliest  methods  depended  upon  the  simple  exclusion  of  air 
by  mechanical  devices.  In  other  methods,  the  oxygen  of  the  air 
IS  diffplaeed  by  inert  gases  (hydrogen),  and  others  again  depend 
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upon  the  oxygen-absorbing  qualities  of  alkaline  solutions  of  pyro- 
gallol.  '^ 

OnltiTation  by  the  Mechanical  Hxclnsion  of  Air. — Koch  succeeded  in 
growing  anaerobic  bactena  upon  plates  by  simply  dropping  upon  the  surfncc 
of  the  inoculated  agar  or  gelatin  a  tlut  piece  of  sterile  mica.  This  metbod, 
however,  rarely  succeetls  in  Hurticiently  excluding  the  air. 

LiDOinrs'  Method.' — This  method  consists  in  the  use  of  deeply  filled 
tubes  of  agar  or  gelatin,  from  wliieli  nil  oxygen  hat;  been  removed  by  boiling 
for  fifti^«ii  minutes  or  more.  It  is  ndvantngeous,  as  has  been  pointed  out 
in  the  sectiou  oa  anaerobiosis,  that  media  used  for  this  purpose  should 
contain  carbohydrates  in  some  form,  pref»:*rably  glucose.  Aft^r  boiling,  the 
tubc^  are  rapidly  IransfeiTed  to  ice  water  so  tliat  as  Utile  oxygen  an  possible 
raay  be  absorbed  during  the  hardening  of  the  medium.  The  tubes  are  then 
inoculated  by  deep  stabs.  After  inoculation,  tbe  medium  may  be  covered 
with  a  thin  layer  of  agar,  gelatin,  or  oil  (albolin),  and  further  soaled  with 
sealing-wax  to  prevent  oxygen-absoqHiou. 

This  method  may  be  utilized  for  the  isolation  of  anaerobes  (as  in  the 
original  method  of  Liborius)  by  inmiulatin^^  the  medium  juht  before  it 
Boliditles.  The  tubes  iimy  he  gently  sliiiken  in  order  to  distribute  the  bacteria 
throughout  the  medium  and  then  rapidly  rooled.  (n  this  case  colonies  which 
develop  may  be  scattered  throm^hout  the  deeper  laycrsof  the  agar  or  gelatin, 
and  may  be  "fished''  after  breaking  the  tube. 

KsMAROu's  Method.' — Von  Ksmurch  has  applied  the  principles  of  his 
roll-tube  to  the  cultivation  of  anaerobic  barterin.  Gelatin  tubes  arc  inoculated 
as  above  and  roll-tubes  prepared.  The  tubes  are  then  set  into  cold  water 
to  prevent  melting  of  the  thin  gelatin  layer  and  the  interior  of  the  tube 
IB  filled  with  melted  gelatin. 

Roux's  Method." — Anaerobic  bacteria  are  eultivated  by  sucking  tbe  inocu- 
lated gelatin  or  agar  into  narrow  tubes,  wbirh  are  then  closed  at  both  cuds 
by  fusing  in  the  Hamc.  After  growth  has  taken  place  the  tubes  are  broken 
and  the  organism  recovered  by  **fishing." 

FLtTiD  Mkdea  Coverkd  with  Oil. — Krlenmeyer  flasks  or  other  vessels  are 
|iartially  filled  with  glucose-bouillon  over  which  n  thin  laytT  of  albolin  or 
other  oil  is  allowed  to  flow.  The  oxyg(?n  i»  driven  out  of  the  litpiid  by 
vigorous  boiling'  for  (ifteou  minutes  or  more. 

It  should  be  remenih<Ted  whenever  using  this  or  similar  methods  that 
a  layer  of  fluid  oil  does  not  form  an  impemioahlo  seal.  By  covering  an 
alkaline  pyrogallol   solution  with  oil   it   can  easily   be  sliown   that   o>/gen 


*  Liborius,  Zcit.  f.  Hyg.,  i,  188C. 

*  Vim  h'tvuirch,  loc.  cit, 
•JlofUr,  Ann.  Past.,  i,  1887 
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slowly  diffuses  throupli  tlie  oil  into  llip  niodiuiu  U-low.  In  using  paratUn 
oil  on  anuiirobiv  cultunw  it  must  be  reiuembored  that  liquid  oil  is  a  very 
inoomplete  seal  and  that  solid  paraflin  or  any  other  solid  seal  is  much  more 
eflicient. 

The  simple  exclusion  of  air,  also,  is  the  principle  underlying  the  cultiva- 
tion of  annorobif  barteria  in  the  closed  arm  of  a  Smith  fevmeiitatiou  tube. 

Wright's  Method.* — Wright  has  desoribed  a  simple  and  excellent  method 
for  tho  cultivation  of  anaerobic  bacteria  in  fluid 
mmliu.  The  rtpparatus  n<'t'essary  is  easily  im- 
j»rovisr(l  with  ilio  luateriats  at  h&ud  in  any 
lab<:»ratory.  A  abort  pie^-e  of  glass  tubing,  con- 
stricted nt  both  enils  and  filtiil  ul  each  end  with 
ft  srurtll  piece?  uf  stofi-rubbcr  tubintr,  in  inserted 
mto  a  test  liibo  rontnininjr  nutrient  broth.  The 
upper  end  uf  tliu  inserted  glass  tubing  is  con- 
nected by  the  rubber  with  a  pi|tette  passed 
through  the  cotton  plu^  in  the  lube.  The  entire 
apparatus^  plus  brolb^  may  be  sterili/ed  after 
bein^  put  to^ettii'r.  When  n  trniisplatit  is  uiude, 
the  fluid  in  the  test  tube  is  inoculated  us  iisnul. 
The  Huid  is  then  clicked  U|»  into  the  ulass  itibini; 
until  this  is  completely  tille<l,  A  downllow  of 
the  fluid  is  then  prevented  by  placing  the  finder 
over  the  p)f>etlL>  throufch  which  the  suction  has 
been  made  or  by  const  rirling  a  small  piece  of 
rubber  tubing'  attached  (o  the  upper  end  of  the 
pipette.  The  entire  system  of  tubes  ia  then 
pushed  downward  in  such  a  way  that  both  pieces 
of  rubljer  tubin^r,  attached  to  the  ends  of  tho 
little  glass  chnmber,  are  kinked.  The  entire 
apparatus  may  tlien  he  incubated.  Growth  of 
anaerobic  bacteria  takes  i»Iace  within  the  air- 
ti(rht  chamber  formed  by  the  sliort  glast*  tubing 
within  the  (est  tube.  Tbe  fluid  in  Ihc  test  tube, 
outside  of  this  cbflmher,  usually  remains  olcnr. 

When  cultivation  lias  been  successful,  the 
bacteria  may  he  obtained  either  for  morphological 
Btudy  or  for  furthoi*  cultivation,  by  simply  allowing  the  fluid  to  flow  out 
of  the  little  air-tight  chamber  back  into  the  test  tube.  The  method  is 
simple  and  usually  successful. 


Fio  17 — WmaHT's  Method 
OF  Ajs'AiiaoBic  Cultivation 
IN  Flotd  Media. 


•  fTtighl,  J.  II.    Quoted  from  Mallory  and  Wright.  "Path.  Technique,"  Phila., 
1904. 
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Methods  Based  upon  the  Displacement  of  Air  by  Hydrogen. — Tlie  prin- 
ciple uf  uii-Jiiiplucriijeiit  hy  bydrugen,  lirst  utilueU  hy  llauat'rj  liaa  been 
widely  applied  to  the  cultivation  of  anaprobic  bacteria.  In  substance  it 
cons'ists  of  the  conduction  of  a  stream  of  hydrogon  through  an  air-tiffbt 
chamber  in  wbicli  plates  or  tubes  containing  inoculated  media  have  been 
placed. 

For  the  production  of  hydrogen,  the  most  convenient  appnratua  is  the 
Kipp  hydrogen  generated  from  zitw  &ad  sulphuric  acid  and  this  may  lie 


0 


ii 


l'i<(.  lb, —  N<."V^  .Iah. 

passed  through  a  beries  of  Wuulfe-bolllett,  containing  solutions  of  k'ud 
aectate  and  of  pyrogalUc  acid,  to  remove  traces  of  sulphuretted  hydrogen 
and  of  oxygen,  respectively,  of  LugolV  solution  to  iibttorb  truces  oL'  ncid 
vnpor,  and  of  one  with  u  hilvcr-nit  rate  Bolution  to  t^ike  up  any  hydrogen 
arsenide. 

For  the  preparation  of  anaerobic  conditions  where  ver>*  rigid  anaerobiosis 
i»  nere-'*tiary,  nitrogen  may  b<'  used,  which  <'an  be  bought  in  tanks  from  com- 
mercial ftrms. 


'/ifl««r,  *'Uebrr  FKiilniwbnktrrien/'   18»5. 
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For  anaerobic  rulttvalion  upon  solid  media,  the  InocuIaUd  tubes  or  plates 
nro  plocetl  in  an  appaiatus  suoh  as  the  Novy  jw.  This  is  connected  with 
the  hydrogen  apparatus  and  hydrogen  allowed  to  flow  through  it  for  five 
or  ten  ininutca*  and  the  stop-co^ks  tJien  closed. 

Tu  applying  (be  hydn^gen  luethod  to  fluid  media,  flasks  oontaining  the 
broth  are  litted  with  ttterite,  tiKlilly  fitting  rulibor  stoppers  pert'oratrd  by 
two  hules,  tlirougU  whitrh  jilass  lubes  are  passt-d.  One  of  lhi»t*o  tubes,  the 
inlet,  passes  below  the  surface  of  the  liquid.  The  other  one,  the  outlet* 
extend:^  only  a  short  distance  Wow  the  stopper  and  16  always  kept  above 
the  surface  of  the  ni(Hliiim.  The  llaN^s  are  inoculated  and  hydrogen  ia 
passed  through  the  medium  so  that  it  entrrs  the  long  tube,  bubbles  up  throuijh 
the  fluid,  and  leaver  by  tl»e  short  tubo.  The  broth  may  bo  covert^d  with  a 
thin  layer  of  liquid  paratHn  or  alltolin. 

The  Use  of  Pyrogallic  Acid  Dissolved  in  Alkaline  Solutions  for  Oxygen 
Absorption. — BucIukt*"  has  applied  tht'  jTiiiciple  of  chemical  absorption  for 
the  removal  of  oxygen  to  the  cultivation  of  anaerobic  bacteria.  This  has 
been  made  use  of  in  a  number  of  dilfereiit  ways.  The  method  is  based  upon 
Ibe  fact  that  nlkaline  solutions  of  p^Tognllol  possess  the  power  of  absorbing 
large  quantities  of  freo  oxygen.  At  first  such  solutions  are  of  a  light 
Htraw-color.  which  becomes  dark  brown  as  oxygen  is  absorbed.  The  absorp- 
tion of  all  the  oxygen  in  the  environment  may  be  assumed  when  there  is  no 
further  deepening  of  (he  bruwn  color. 

Buchner  tirst  utilized  this  principle  by  i>laeing  a  small  wire  or  glass  holder 
within  a  large  test  tube,  dropping  dry  pyrogallol  (pyrogallic  acid)  into  the 
bottom  of  thi-s  tube,  then  running  thirty  ]»er  cent  sodium  hydrate  solution 
into  it,  and  inserting  within  this  large  tube  a  smaller  test  tube  containing 
the  inoculated  culture  medium.  The  large  tube  was  then  tightly  closed 
with  a  rubbi'r  8to|iper.  In  this  way,  the  air  space  surrounding  the  smaller 
tube  was  rendered  oxygen  free.  An  excellent  little  trick  with  which  to 
employ  the  Buchner  lube  method  is  to  pack  lightly  over  the  dr>'  pyrognllic 
acid  In  tlie  bottle  a  small  piece  of  absorbent  cotton.  This  prevents  the 
immediate  solution  of  the  pyrogallic  acid,  and  allows  one  time  to  pour  in 
the  KOH  solution,  insert  the  smaller  tube  inside  the  Buchner  tube,  and 
lightly  insert  the  rubber  stopper  in  [dace  before  solution  and  oxygen  absorp- 
tion has  begun. 

A  simple  modiflcation  of  the  preceding  method  of  Buchner  has  been 
devised  by  Wright."  Stab-cultures  of  gelatin  or  agar  in  test  tubes  are  made 
in  the  usual  way.  The  cotton  stopper  closing  the  tube  is  then  thrust  into 
the  tube  to  such  a  depth  that  its  upper  end  lies  at  least  1  era.  below  the 
mouth  of  the  tube.    A  small  quantity  of  sodium  or  potassium  hydrate  solution 

•Buchner,  Cent.  f.  Bakt,  T,  iv,  1888. 

•  }Vright,  Jour,  of  the  B<»8trjn  Sue.  of  Med.  Sci.,  Dec,  1900. 
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HI(>U)(:V  AND  IT-XrHNIQUK 


Hi  nliirl)  Monir  pyrof^allir  nnd  )ibk  been  tiiasolvcd,  is  then  allowed  to  flow 
tm  \ii  ihr  iitftlon  III'  till'  pluK  and  the  month  of  the  tube  i.s  itiiiuedtalely  sealed 
ky  N  liirMly  flttinc  n3bhc*r  ntopTx^r.  The  ootton  (»to|ipor  in  these  cases  must 
>K»  mhAo  of  Ali«>i-tM'r)l  cuttiiii.  !..'>  lu  *J.."i  r.r.  ul'  the  jiyrognllic  neid  golutiun 
I*  iiaimMy  dtifflHrnt   f*ir  te«t  tiihcH  ol*  aniinary  sisx*. 

Krrr  ftiHtvttioD  uf  Acn^robic  bacteria  upon  agar  slants,  a  simple  technique 


Flo.  19.— Wrioht'sMeth- 
nh  or  ANAtt(u>iiu'  Cri.TtvA- 
■iioN  UY  TiiK  Vhk  or  Pnio- 
tiALUc  AriD  84)Ltmu.v. 


Fio.  20.— Jak  for  Anaerobic  Ctrt- 

TIVATION. 


! 

I 


« 


iim.y  l)«  applied  nnd  ensily  impitn^lsed  in  the  laboratory  a*  follows:  iho 
\\\\w  of  dtnnt  ftKKi*  Ia  inoculated  with  tlie  infectious  material  in  the  usual 
Wi»y.  It  In  then,  with  Bloj»|>cr  removed,  inverted  into  a  tumbler  or  beaker 
iMinlaliiliik'  iihiMit  u  i£Ti\m  of  dry  pyro^nllic  aeid,  A  uuinll  quantity  of  a 
fly*  pnr  (*imi  or  thnv  per  rent  smlinm  hydrntc  solution  is  then  run  into  (he 
tinnhlrr  and  IhiH  im  eovrred  with  a  thin  layer  uf  liquid  finraflin  or  ulholin 
bttfon'  till*  pyrojmllio  acid  has  been  completely  dissolveil.     In  this  way,  com- 
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pK»t*ty  nnni^robir  ponditions  nre  obtained  in  the  tube  luid  the  growth  of 
tuuicrobi3s  tnkcs  place  upon  the  surface  of  the  slant. 

For  the  <rultivntion  of  aoat^robes  in  Petri  dishes,  for  purposes  of  eoporar 
tion^  a  c'ombinution  of  the  p^Totrallie  acid  method  and  the  hydrogen  disploce- 
luent  aiet]iod«i  is  often  emjdoyed.  For  this  purpose  the  jars  devised  by 
Novy  and  by  Bulloch  are  extremely  convenient. 

lu  using  the  Novy  jar,  the  inoculated  plates  are  set  upon  a  wire  frame 
nistiiijj'  flbout  an  inch  above  the  bottom  of  the  jar.  The  cover  is  then  lightly 
set  in  plaee  and  the  air  in  the  jar  exhausted  by  means  of  a  suctiou  pump. 
The  arrnn^ment  of  the  double  stop-coek  in  Lhc  top  renders  it  possible  now, 
by  simply  tumini;  thisf  to  admit  hydrogen  from  a  Kipp  generator  into  tbo 
jnr.  The  process  of  alternate  exhaastion  and  admission  of  hydrogen  may 
be  several  times  repeated. 


Fio. 


21  — ApPARaTI'H   POR  COMBINlNfl  THE    MkTHODH  OP   EXHAUSTION,    HtDROOEN 
REPLACaUeiNT  AND  OXTQCM   ABfiOaPTION. 


^ 


A  couil)jnatioii  of  air  exhaustion,  oxygen  absorption,  and  hydrogen  replace- 
ment may  be  i)r]K'tk!ed  in  jars  sttrh  as  that  shown  in  Fig.  21.  Dry  py*rogallie 
arid  is  plufed  in  the  bottom  of  the  jnr  and  the  cover  tightly  lUted.  An 
opening  in  the  side  of  the  jar  eonnerls  its  interior  with  a  bottle  containing 
sodium  or  potassiJim  hydrate  solution.  Through  the  stopper  of  this  bottle 
pass  two  glass  tubes,  one  of  them  of  such  length  that  it  can  be  pushed 
down  into  the  alkaline  solution,  or  pulled  tipward  above  the  level  of  the 
fluid.  By  this  means  the  KOH  can  be  sucked  into  the  jar  after  a  vacuum 
has  been  produced  with  the  exhaustion  jmmp.  The  other  glass  tube  is 
short,  passing  just  fliruuirh  the  stopper  and  nt  the  top  made  in  the  form 
of  a  T.  one  ano  of  the  T  being  connected  with  a  Kipp  hydrogen  generator, 
the  other  with  a  suction-pump. 

A  simple  method  for  the  separation  of  anaerobe  in  plates  without  tlie 
use  of  hydrogen  or  of  Hperially  eonstrueted  jara.  may  be  carried  out  as 
follows:'*'  The  ajipuralus  used  consists  of  two  circular  glas»  dishes,  fitting 

^Zinmtir^  Jwir.  Kxp.  %fed.,  viit,  1»06.  '   ' 
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mw  into  tlir  other  nn  do  tlic  hnlves  of  n  Pulri  di»h.  niid  similar  to  ihi^ae. 
in  rvury  rOhi»oct  except  that  thoy  Rrc  hi^fher,  and  tliat  a  HtiglitLy  greater 
■puvv  ia  left  botwe«u  their  tuUes  when  they  are  placed  together.  The  dishest 
Hhouhl  hn  ubiHii  lhnM'-f<Mirths  to  one  inch  io  heifflit,  they  need  be  of  no 
pNi'tioiilnr  (liiiinetrr,  nlthon^h  those  of  n)>out  the  sftnio  sire  na  the  uaual 
I'wtri  dull  an»  ino«t  oonvoniont.  An  important  re<iuirement  i»eoe«sar>'  for 
I  hi'  •nrri'w  of  Iho  method  la  that  the  trouj^'h  left  between  the  two  plnten, 
whiMi  put  tiijfcther,  Htiall  not  lie  too  brond,  n  quarter  of  an  inrh  beinp  the 
Miiwl   faviirnhle. 

tiilo  \\w  Ninutlfr  uf  thene  plates  the  iooeulated  agar  is  poured  exactly 
M  Into  A  iSttrl  di*«h  in  the  ()rdinar>'  aerobic  work.  Prolonged  boiling 
of  Iho  htcni'  bnfiiri'  plulioK  is  not  essential.  When  the  ajiiar  lllui  ha.«t 
heeoiiut  miMli'iMntl.v  Imrd  un  the  bottom  of  the  biuullcr  dish,  the  entire  ap- 
plil'MttM  III  liiVt*i1iH).  The  amnller  dish  ia  now  lifted  out  of  tite  larger,  antl 
l>lM*>i>d,  ^lill  iiiviM'led,  over  n  moint  surface — a  towel  or  the  wet  surface  ot' 
lli«*  Inlde  to  prk'Vf'ui  eontnminutioii.  Into  the  bottom  of  the  larger  di»h^ 
wltUili  Mow  nlMiida  opnn,  there  ia  plaued  a  quantity  (about  3  grams)  of  dry 
pviiHfHJIle  ni*ld,  Into  thin,  over  the  jiyrof^Bllie  acid,  the  smaller  dish,  still 
tuM^ili'd.  In  Iheii  plnruil.  A  Mve  per  cent  solution  of  sodium  hydrate  is 
pouiml  thill  lliH  apaev  left  belwnn)  the  sides  of  the  two  dishes,  in  quantity 
HMllhliiid  to  Itll  llm  rriMMvintf  dish  one-half  full.  While  this  is  ^n^^duully 
illvMulvtuu  lb"  p>ntu)illic  arid,  alhnlin,  nr  any  other  oil  (and  this  is  the  only 
tti'p  tluil  ihqulttMi  NpeiMtli  ^f*  driqtpi'd  from  u  pti)ette,  previously  lillcd  and 
pliiiH'd  U\  MMidlniv*,  tnto  the  Mine  space,  thus  completely  sealing'  the  chamber 
riiiiuiiil  Uv  IUm  two  diidiiMt. 

Ir  III*"**'  ■tt'l'n  havt*  Uiicu  pnrfonncd  fluccesafully.  the  pyrofiallic  solution 
Vktil  Hi  thi«  litov  appear  of  u  liRbt  t>rown  color,  and  the  amaller  plate,  with 
llll  imm'  UllUi  will  lliiat  unvteadily  al»ove  the  other.  Very  rapidly,  as  the 
l>v  '1  ■    ittiid  aliHorhn  the  fri*c  oxygen  in  the  chamber,  this  plate  \a  drawn 

ti  .    \n  thi>  other,  and  tlir  acid  o^isiimes  u  darker  hue,  which  remains 

llhuttt   luilhei*  dwprninf(  i^ven  after  three  or  four  days'  incubation. 


Wv  hiivtf  ttv(*orlb(Ml  n  I'lHiMideruble  number  of  methods  of  anae- 
ptbie  i<\thlvNlbiti  ultleli  linvc  been  in  use.  Following  our  gciuTal 
pUtluMo,  howovvr,  ill"  riupbasizing  the  methods  that  we  ours*'lveH 
imvit  fuMtuI  Mttwt  ttMoful,  wo  will  desi^ribe  in  the  followiufif  paragraphs 
\\w  iuvlb\ktU  wlileb  we  are  usim^  as  routine  for  anaerobic  work  in 
\\\\{  www  Ubi'talory,  atul  wliieb  we  believe  are  the  most  praotieal. 

K\il*  Hl(M<*i'Hbl(*  ciiltivAtion  on  agar  slanta.  we  use  thp  Buchner 
itut  uielhoit  u»  ilrw'rlbefl  above. 

>\u'   •idHU'brtete   etiltivntion,   ete.,   we  use   the   \ogriieiii  method 

Ut^V^W  \W**^\^  niiAi*  or  broth  tulx^B  with  tissuu  at  tin*  liottoni,  sterilo 
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oil  at  the  top,  placed  into  anaerobic  jars,  or  incnhated  without  jars 
according  lo  purpose. 

For  anaerobic  jar  methods,  we  hardly  ever  use  hydrogen,  em- 
ploying one  of  tlie  two  following: 

Jars  may  be  of  any  size  or  shape,  provided  they  are  well  eonatraoted 
strong  maaeum  jars  with  well  fitting  lids,  preferably  ground  glass  aurfaces 
on  lid  and  top  of  jar.  and  with  one  perforation  in  the  top.  Stoppers  and 
glass  tubing  are  fltte<I  into  the  top  of  the  jai'S  with  Major's  *?e-nient,  and 
reoemented  every  time  the  jars  are  used.  Qlass  tubing  which  commimieates 
vith  the  exterior  through  the  cemented  joints  is  drawn  out  in  the  tlome, 
along  its  course  connecting  witli  the  suction  pump,  and  closure  is  effected 
by  aealinp  in  these  narrow  plncttj  with  the  flame. 

The  fitting"  of  the  lid  for  closure  is  acfoniplished  by  a  thick  layer  of 
Knilptors'  ploHtocene,  a  aniooth  layer  of  which  is  placed  on  the  top  of  the 
jar,  and  another  on  the  tip^  of  the  lid  before  the  lid  is  put  in  place.  It  is 
useful  to  have  a  vanium  gaugo  remented  into  the  lid  so  that  the  functioning 
of  the  suction  pump  can  be  controlled.  This,  however,  is  not  absolutely 
neoessary.  A  small  tube  uontaiuing  a  weak  methylene  hhic  solution  in  1  per 
oant  glucose  broth  is  placed  inside  the  jar  with  the  cultures.  Dei'olorizntion 
of  this  on  the  followinir  morning''  will  prove  nuaerobiosis. 

I.  One  method  which  can  be  used  for  Petri  ]>lHtes  or  tubes  consists  in 
placing  a  suitable  amount  of  dry  pyrogallio  acid  into  the  bottom  of  the 
jar.  The  ('uKures  are  then  inserted  and  next  to  them  is  placed  an  envelope 
of  thick  bruwu  jjaper,  such  as  used  by  commercint  houses,  which  is  torn  so 
OS  to  be  open  at  the  top  and  to  form  a  sort  of  elongated  bog  or  cornucopia. 
The  glass  top  of  the  lid  is  then  connected  with  the  suction  pump  before 
it  is  placed  on  the  jar,  the  suction  pump  started  while  an  assistant  liolds 
the  lid  ready  for  |ilaceuient  on  tbc  jur.  A  suitable  amount  of  !20  per  cent 
KOH  is  then  poured  into  the  envelope  and  the  lid  immediately  placed 
in  position  on  the  top  of  the  jar,  pushcnl  down  on  all  sides  so  that  the 
plastticrne  flattens  out  betw<»en  the  lid  and  the  jar.  The  suction  immediately 
begins  to  draw  the  air  out  of  the  jar,  before  the  KOH  solution  works  ita 
Way  through  the  envelope  and  begins  to  dissolve  the  pyrogallol.  The  suction 
U  then  continued  tor  a  suitable  length  of  time,  and  while  the  pump  is  still 
going  a  Bunsen  burner  is  placed  under  a  narrow  place  in  the  connection 
gla£s  tube  and  this  is  seated  in  the  flame.  This  method  if  sucoeesfully  carried 
out«  gives  almost  complete  anaen>biofiiB. 

n.  The  second  method  i.s  that  of  Mcintosh  and  Fildes,*'  which 
is,  in  our  opinion,  the  best  anaerobic  method  for  application  to  the 

"Mclviosh  and  Fildcs,  Lancet,  190,  1916,  7GS.  Methylene  blue  added  in 
mifficient  quantity  to  10  p.c.  nt  n  2  jinr  cent  dcxtroao  alkaline  broth  to  give  a 
distinct   blue  color,   is  tlio  most  convpnient   anaerobic   indicator.     It  depends  on 
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iA  ^t  ^h^  and  plat»  in  anaerobic  jars.  It  depends  upon  the 
0*vo  b^-  the  oxidation  of  hydrogen  under  the  influence 
I0kiito«  wool.  Pfuhl  had  previously  used  the 
^  platinum  sponge  for  anaerobic  cultivation  in 
IMHtolli  and  Fildos  adopted  and  improved  upon  tliis 
IW  iKUkc^l^  ^  ^^^  method  is  to  .suspend  in  an  air  tight 
|W^  %  Ml  ^  a<fcin  iiii I'm!  wool  impregnated  with  platinum  or,  better. 
ilriMlk  ptHtokMNHift  bb^  llydrogiMi  is  then  allowed  to  pass  in  until 
9t^  oci^fv«  trmtm  W«  hare  used  this  method  in  our  own  labora- 
y^  ^iMi  §WM  MWWW  vrher^"  a  number  of  the  workers  compared 
H  >irbk  >tiiif  VHtlMidiu  and  it  has  been  used  successfully  at  the 
lft^>Xy<^tkiff  huMviut«  hy  OUtsky  and  others. 

4%  yi-tt'iiyCT  mmmm  jar,  «uoh  a«  those  used  for  anaerobic  work,  is  the 
'IMik  Wytawi.  YW  bd  i*  |wrforat«d  for  the  passaj^e  of  hydrogen,  and 
^Ma  ^kia  Wltal  ^  ^  l^l  Ihc^ro  ih  suspended  a  bit  of  the  imprc*»niated 
hJi^mIma  «vm^  i¥\'W«tvil  itt  m  ftniAll  cn^ro  of  <!opper  wire.  About  0.25  gram 
%|  1^  ml^itatua  «vMi  bft  IW  amount  roctirumcnded  by  Mcintosh  and  Fildes. 

^KW  |-aMhfrWi1  aikN«lt«  (about  40  ])er  eent)  is  made  by  weighing  out 
^)iO^  |>m^  vl  adlMMMiiM  wttnl,  phtoinK  it  in  a  »mall  evaporating  dish,  and 
UllIlM^  ^•.4'  <lh«(  «X  a  to  |H*r  i*ont  Holiitton  of  palladium  chlorid.  The  wool 
<l^  \l^  tMvMM  M^v>  a  0ikt  inMB  about  one  inch  square,  and  the  dish  frently 
V^  k»  dry,  Since  the  pHlladium  chlurid  is  difTiPult  to 
uf  «  httl»  cunccnlrated  hydrochluric  acid  may  be  necea- 
lit  ■.  okiKind   is  then   rodnred   by  heating'  the  imprecated 

%^Hj   w»«  1*.  •«   ^«^-fc>  ^K  tlami'  until  it  is  coated  with  a  layer  of  carbon, 
tM  a  Mt^«  VUHS     The  pnllndium  asbestos  should  now  be  able  to 
't  Ijiilia^Mt  vhiak  i*  made  to  impinf^e  on  it."  ^ 

.*Ai«  kuif^iiwaa  the  palladium  asbestos  can  be  bought.  For  closure 
^   ««9  liavv  uwd  tlirougliout  plastocene,  the  material  used 

^^  ttw  culture  tubes  are  placed  inside  the  jars  and  the 
.  jmi  Hm  ttw  covered  with  plaiitocene.  The  copper  pauze, 
W\h4.  ifi  dtftachrd  and  lield  over  a  flame  until  red  hot,  and 
^  1^  M^^MI^  I^Mt  *^  plans  cloMingr  the  jar.  Through  the  perforation  with 
kiv^^  nJ^i'aiitl'^""'  it^Adr  (boHt  a  glass  stopper  connection)  hydrofren  is 
l]|kA%^  W  As^^  M^  ^^O  *luwly,  best  from  a  liquid  hydrogen  cylinder,  with 
^mI^    liHt<tl»^m<   vheek    valva.     It    ia   very    uec-e^^sary    to    take    c&reful 


of  osyaBU  the  reducing  nction  of  an  alkaline  solution 
nirthyUMip  blue  to  the  colorlt'ss  luecometbylcno  blue.  On 
i>r  Mw  air,  the  leucomothyleoe  blue  ia  oxidised  bock  to 


^If^  4^W(<iA  voH^HiMad 


METHODS  USED  IN  CULTIVATION  OF  BACTERIA 


189 


^ 


"prvcaniions  that  the  hydrogen  is  not  allowed  to  enter  too  fa«t,  or 
idae  explotiion  may  follow,  and  it  is  best  to  make  some  arrange- 
ment like  that  used  in  our  laboratory  by  Dr.  league  where  tlie 
hydrogen  is  tlrst  let  into  a  glass  chamber  over  water,  and  alluwod  to  flow 
ia  very  p^dually  by  graded  pressure.  The  main  thing  is  to  do  work  the 
apparatuH  that  a  very  slow  jet  of  hydrogen  is  made  to  flow  in  close  to  the 
palladinized  asbetitos,  while  this  ia  still  hot.  A  &uiall  film  of  water  will 
begin  to  form  on  the  sides  of  the  tube,  and  this  is  continued  until  a  negative 
prefiBure  has  distinctly  devplojied  in  the  jar.  Judgment  coucfrning  the 
amount  of  hydiogen  that  should  be  let  in  can  be  attained  with  practice. 
Closure  of  the  jar  may  be  then  made  more  Hrm  with  parat^n  or  any  of 
the  other  ordinary  methods  of  making  such  jars  air  tight.  Plaatoceiic  in 
sutiicient  amounts  has  usually  served  our  purpuHe. 

We  do  not  illustrate  this  metho<l  because  illustrations  rarely  help  an 
experienced  bacteriologist  to  any  great  degree,  and  it  is  best  to  see  the 
apparatus  work  in  some  laboratory  where  it  is  in  use.  Many  modifications 
are  poosible,  hut  the  principle  is  easy  to  apply  in  a  great  many  different 
ways. 

By  this  method  it  is  possible  to  decolorize  methylene  blue  tubes  put  into 
the  jars,  eompletdy  over  night,  and  we  beheve  that  this  method  properly 
applied  gives  a  praetieally  perfect  nnnerobiosis. 

The  Use  of  Fresh  Sterile  Tissues  as  an  Aid  to  Anaerobic  Cul- 
tivation.— The  addition  of  small  pieces  of  fresh  sterile  liasue  (rabbit 
or  gxiinea-pig)  to  culture  tubes,  either  solid  or  fluid,  greatly  favors 
the  growth  of  anaerobic  bacteria.  By  such  a  method  anaerobes  can 
be  made  to  develop  even  when  other  preeautinns  for  the  estnhliah- 
ment  of  anaerobiosis  are  imperfectly  observed.  This  was  noticed 
first  by  Theobald  Smith  and  by  Tarozzi  and  has  become  an  extremely 
useful  reenforeement  to  iither  methods.  It  has  been  utilized  most 
extensively  by  Noguchi  of  recent  years  in  his  technique  for  the 
cultivation  of  various  treponemata.  The  simplest  way  to  apply 
this  method  is  to  place  a  piece  of  freshly  excised  rabbit  kidney, 
testicle,  or  spleen  into  the  bottom  of  a  high  test  tube  (20  cm.)  and 
then  pouring  over  it  tlie  culture  fluid.  Kidney  or  other  tissues  are 
more  suitable  for  this  purpose  than  liver  tissue  since  the  latter  is 
not  easily  obtained  in  a  sterile  condition,  bacteria  often  getting  into 
it  during  liff  tSirough  the  portal  circulation.  The  action  of  the 
tissues  depends  upon  its  great  reducing  power. 

Partial  Oxygen  Tension  for  the  Growth  op  Bacteria. — In  1916 
Wherry  and  Oliver'^  found  that  partial  anaerobiosis  was  favorable 


»  Wlierry  and  OHver,  Lancet-Clinic,  115,  1916,  306. 
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for  the  jrrowth  of  gonococcns.  Colien  and  Markle"  applied  this  to 
mt'uiiigococvUH  and  found  again  that  partial  anaerobiosis  favored 
growth.  It  was  later  found  by  When-y  and  Erwin,"  as  well  as  by 
Cohen  and  Flfrning"  that  the  growth  of  a  number  of  different 
haeteria  was  favored  when  the  air  was  partially  replaced  by  carlion 
dioxide.  Oaten**  confirmed  this,  as  did  Kohman."  We  have  tried 
thi«  out  in  our  own  laboratory  and.  like  other  observers,  have  found 
tluit.  in  tl)e  case  of  moningoooceus  and  also  with  the  influenza 
bacilluB,  growth  is  definitely  stimulated  by  replacing  about  10  per 
cent  of  the  air  with  carbon  dioxide.  iJoth  Kohman.  Hates  and  others 
Uflievr  that  the  pnnciple  underlying  this  is  due  to  the  effect  of  tlic 
carl>on  ^lioxidc  on  tlie  rcaetion  of  the  medium.  As  the  organisms 
grow  they  produce  acid  which  displaces  equivalent  amounts  of  dis- 
solved carl>on  dioxide,  in  consequence  of  wliieh  the  acidity  is  not 
mstpHally  increased. 

THE  INCUBATION  OF  CULTUBES 

After  bacteria  have  been  transferred  to  suitable  culture  media, 
it  U  neccMary  to  expose  them  to  a  temperature  favorable  to  their 
doveluprnent,  In  the  case  of  many  saprophytes,  the  ordinary  room 
temperature  w  sufficiently  tuar  iJic  optimum  to  obviate  the  use  of 
any  ttpceial  apparatus  for  nmintaining  a  suitable  temperature;  in 
the  case  of  most  pathogenic  bacteria,  however,  the  body  temperature 
of  man,  37. 5"  T'.,  is  citlK-r  a  necessary  requirement  for  their  growth, 
or  at  any  rate  favors  speedy  antl  characteristic  development. 

For  the  purpose  of  obtaining  a  uniform  temperature  of  any 
required  degree,  the  apparatus  in  general  use  is  the  so-called  incu- 
bator or  thcrmoHtat.  This  may  Im*  adjusted  for  gelatin  cultivation 
nt  2()  to  22"  a,  or  for  agar,  broth,  or  other  media  at  37.5°  C. 

Incubators,  while  varying  in  detail,  are  all  constructed  upon  the 
mitiiv  priiK'iplt  s.  Tlu-y  consist  of  double-walled  copper  chambers, 
whieh  are  fitted  with  a  set  of  double  doors,  the  outer  being  made 
of  UMbestos-covered  metal,  the  inner  of  glass.  The  space  between 
the  two  wttUa  is  Med  mth  water,  which,  being  a  poor  heat  con- 

"To/irr.  and  Uorkh,  AbBt.  of  Biwitpr.,  2,  1918,  in. 
**  IVhftrtf  urirj  Eruin,  Jour,  of  Infec.  Dis.,  22,  1!)1S,  jy4. 
^Cohrn  And  Flrminff,  Jour,  of  rnfec.  Dis.,  23,  337,  1018. 
^^"OtiU'g.  Jour,  of  Expor.  Med.,  29,  325,  1019. 
'^  Kohman,  Jour,  of  Bacter,  4,  1019. 
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ductor,  tends  to  prevent  rapid  changes  of  temperature  wilhiji  the 
chamber  a«  the  result  of  chuiigrK  in  the  external  enviroumeut.  Both 
walls  are  perforated  above  by  openings  to  admit  thermometers  Into 
the  interior  and  one  wall  is  pi-rforated  so  that  a  thermo-regidator 
may  be  inserted  into  the  water  jaeket.  The  under  surfaee  of  the 
chamber  is  heated  by  a  f;ta.s  flame,  the  size  of  which  is  antomatically 
regulated  by  the  thermo-regulator. 

A  number  of  thermo-rcgulatnr^  nre  on  the  market,  all  of  them  con- 
fitnictcd  upon  modiflcmions  of  the  snnie  prinoiplc.  One  of  the  most  efficient 
of  those  in  common  use  is  that  shown  in  Fig.  22.  This  consists  of  a  long 
tube  of  glass  fitted  with  a  metal  cap  tbroagh  which  an  inlet  tube  (A)  proJeetB 


Fios   22,  2:*. — Thekmo  Hegvlatoh. 


Into  the  interior.  Slightly  below  the  middle  of  the  tul>c  there  is  a  glass 
diapbrapn  sepfirating  its  interior  into  two  compartuionts.  In  the  middle 
of  tlie  diaphni^an  an  aperture  leads  iuto  a  spiral  of  glass  which  projects 
into  the  lower  compartment.  The  lower  compnrtuient  is  tilled  with  ether 
and  mercury.  The  lower  end  of  the  inlet  tnhc  {A)  has  a  wedge-shaped  slit. 
The  gas  from  the  supply  pipe  passing  through  the  tnbe  fA)  is  condncted 
through  the  slit-like  opening  in  its  lower  end  into  the  inner  chamber  and 
passes  out  to  tlie  burner  through  the  elbow  [B).  Wlien  the  temperature  is 
raised,  the  ether  and  mercury  in  the  lower  ehnmber  exijand  and  the  mercury 
rises  in  the  upper  chamber,  gradually  restricting  the  opening  through  the 
V-shaped  slit  in  the  inlet  tuhe.  Thus  the  gas  supplied  to  the  burner  is 
diminished,  the  Hanie  reduced,  and  the  temperature  af^in  falls.  The  tem- 
pemture  can  be  arbitrarily  adjusted  by  raising  or  lowering  tlie  inlet  tube. 
A  scale  at  the  upper  end  of  the  inlet  tube  allows  exact  adjnstmeat.  Complete 
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t  ^  lfe>  fi^  ^  pv«v«u|«d  by  a  small  circular  openitiK:  placed  in 
MMi  ^te  JM*  ^^*  ^  «^t. 

i  LI  fcn  ^i^tW  «m1  hUBV^'  thtfruio*i*ttKulatur  is  showu  in  Fig.  24.  ThiB 
ft  \rM  ¥J^^  «V^  **  Ihv.top  and  Httcd  about  l^.o  inclies  t'lom 
vUmw  jiUrt  ttlbowfi.  One  of  these  elbows  remains  open. 
s(  Kl>j(ltt\y  lower  Irvel,  is  elosed  by  a  brass  screw-cap. 
ttKirurv  lo  n  point  sliglilly  above  the  level  of  the 
^•w  «c*fw  o«p.  VUv  lifit:ht  of  the  mercury  can  tlms  be 
.^A  U>  ■rt'tvwtim  iu  or  oiu  upon  the  cap.  Into  the  upper 
.«  lUtv^  another  device  which  consists  of  a  T-shaped 
^^^  UU*.  »«*•*  *"»  »**'  **»"  T  beiny^  open  and  tlie  other  closed, 
— — '^**~'^-  Imi  <<  (^  'I'  ta|Hn*iiiK  to  n  minute  opening  at  the  bottom. 


KW.  H     •MvUflli''  OaM   PltCAAUlUC  Rc<irLATOR. 


lulw  kuta  avw  uf  tttv  T  down  througfa  the  tapering  le^^  and 

\   hUovv  the  mercury.     It  then  passes  out  through 

Vjl  '  i>    lubo.      As    the    mercury    rises,    it    gradually 

>•  H«4«^  >      >    it*   Burt'nc-c    and    the    small   opening    in    the 

i\,   ttMally   iHmiplelely   shutting  off   the  gas  from  this 

'A    \vnma  only    tliTough   a   minute   hole   perforating   the 

'    HH  iivvh  Above  its  entL     The  flame  decreases  aitd  the 


'Uiv  \u  Uborntories  is  apt  lo  vary,  it  is  convenient 

'^0  tfUM  NUpply  and  thcrmo-rcgulator  some  one 

■'i  guH-pri'HHiire  regulators.     The  use  of  these 

'.>  ^H*v^MMMry  hul  ai«is  considerably  in  the  maintenance 

The  one  most  commonly  employed  is  the 

:  I     MiUw.     This  consists  of  a  cylindrical  metal 

M  >ftK4\»h  Xiwta  \n  fitted  an  inverted  metal  bell.  Glycerin 
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IB  poured  into  the  cylinder  to  the  depth  of  about  two  inches.  Aii 
inlet  pipe  eouduets  gas  into  the  open  space  between  the  top  of  the 
glycerin  and  the  bell.  From  the  top  of  the  bell  is  suspended  a 
conical  piece  of  metal  which  hanf^  free  in  the  outlet  pipe.  As  the 
gas  pressure  under  the  bell  increases,  this  is  raised  and  the  opening 
of  the  outlet  pipe  is  gradually  diminished  by  the  cone.  Thus  the 
relation  between  the  pressure  in  the  inlet  pipe  and  the  actual  quan- 
tity of  gas  passing  through  is  equalized.  A  cup  connected  to  the 
top  of  the  bell  through  the  roof  of  the  cylinder  by  a  bar  can  be 
filled  with  birdshot  and  the  pressure  against  the  gas  can  thus  be 
modified  to  conform  with  existing  conditions. 

Oolony  Study.— Cultures  are  usually  incubated  for  from  twelve 
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Colonies. 


to  forty-eight  hours.  Considerable  aid  to  the  recognition  of  species 
is  derived  from  the  observation  of  both  the  speed  of  growth  and 
the  appearance  of  tlie  colonies.  It  is  therefore  necessary  to  proceed 
in  the  study  of  developed  colonies  in  a  systematic  way.  The  develop- 
ment of  colonies  should  be  observed  in  all  cases  both  upon  gelatin 
and  upon  agar.  In  forming  any  judgment  about  colonies,  the  aridity 
or  alkalinity,  and  the  special  constitution  of  the  media  should  be 
taken  into  account.  The  colonies  are  carefully  examined  with  a 
hand  lens  and  with  the  low  power  (Leitz  No,  2,  Zeiss  AA,  Ocular 
No.  2)  of  the  microscope.  The  colonies  should  be  obfiei^ved  as  to 
size,  outline,  transparency,  texture,  color,  and  elevation  from  the 
surface  of  the  media.  Much  information,  also,  can  be  obtained  by 
observing  whether  a  colony  appears  dry,  mucoid,  or  glistening,  like 
a  drop  of  moisture.    By  a  careful  observation  of  these  points,  definite 
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^fciTerentiation,  of  coui-so,  can  not  usually  bo  made,  but  much  cor- 
^■oborative  evidence  can  be  obtained  which  may  guide  us  in  th«^ 
^Kethodft  to  be  adopted  for  further  idcntiticatiun  and  for  a  tinal  i 
^Huinmiiijz  up  of  species  charactcnstic  as  a  whole.  .  ] 

^ft     The  Conntiiig  of  Bacteria. — It  is  often  necessary  to  determine  th^  | 
^Kumber  of  bacteria  per  c.c.  contained  in  water,  milk,  or  other  sub-i  I 
^Btances.    For  this  purpose  definite  quantities  of  the  material  to  be! 
^wialyzed  are  mixed  ^nth  gelatin  or  agar  and  poured  into  Petri 
^^latea.    The  exact  dilutions  of  the  suspected  material  must  largely:  i 
^Hepend  upon  the  numl>cr  of  germs  which  one  expects  to  find  in  it, 
™The  plates,  if  prepared  with  gelatin,  are  allowed  to  develop  at  room, 
temperature  for  twenty-four  to  forty-eight  hours.    If  agar  has  been 
used,  they  arc  usually  plneed  in  the  incubator  at  37.5"  (.*.     At  llie 
end  of  this  time,  the  colonies  which  have  developed  arc  cnumerattd. 
For  this  purpose,  a  Petri  dish  is  placed  upon  a  Wolffhiigel  plate. 
This  plate  ronsists  of  a  disk   or  square  of  glass  which  is  divided  i 
into  small  squares  of  one  square  centimeter  each.     Diagonal  lines 
of  these  squares  rimning  at  right  angles  to  each  other  are  subdivided 
into  nine  divisions  each  in  order  tu  facilitate  counting  when  the 
colonies  are  unusually  abundant.    The  Petri  dish  is  placed  upon  the 
plate  in  such  a  way  that  the  center  of  the  dish  corresponds  to  thel 
center  of  the  plate.     The  colonies  in  a  definite  number  of  squares 
are  then  counted.     The   greater  the   number  of  squares  that   arc 
counted  the  more  accurate  the  estimation  w\\\  be.     When  the  gi'owth 
is  so  abundant  that  only  a  limited  number  of  squares  can  be  counted, 
these  should  be  chosen  as  much  as  possible  from  different  parts  of 
the  plate,  and  in  practice  one  counts  usually  six  squares  in  one 
direellon  and  six  at  right  angles  to  these,  so  as  to  preclude  errors 
arising  from  unequal   distribution.     The  final  calculation  is  then 
made  by  ascertaining  the  average  niunher  of  colonics  eontuined  in 
each  square  centimeter.    If  standard  Petri  dishes  hare  been  used, 
this  is  multiplied  by  63.6.  the  number  of  squares  in  the  area  of  the 
dish,  and  theii  by  the  dilution  originally  used. 

I  Thus  if  twelve  squares  have  been  counted  with  a  total  number 
of  one  hundred  and  forty-four  colonies — the  average  for  each  square 
in  twelve.  Twelve  times  63.6  is  763.2,  which  represents  the  total 
number  of  coloniea  in  the  plate.  Now  if  0.1  c.c.  of  the  original 
material  (water  or  milk)  has  been  plated,  this  material  may  be 
BKSumcd  to  have  eontuined  10  X  763.2.  or  7.632  bacteria  to  eneh 
milrie  ocntimuter. 
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If  dishes  of  an  unusual  size  arc  employed,  the  square  area  must 
be  Bseertaiiied  by  UK-atjuriu^  the  radius  and  multiplying  its  square 
by  r  (ir  X  R*  =  area)   («•  =  3.141592). 

The  number  of  bacteria  in  a  (^ven  volume  of  a  suspension  ean 
be  estimated  by  a  variety  of  methods  without  cultivation.  The  one 
most  commonly  used  w  the  method  developed  by  Wright,  which 
consists  in  mixing  a  small  measured  amoiuit  of  the  bacterial  suspen- 
sion with  an  equal  voliuue  of  a  red  blood  cell  suspension  in  which 


Kltl.  26. — ^WOLFTHt^aEl.  CotTNTtNO   pLATE. 

the  number  of  erythrocytes  per  cubic  millimeter  are  known.  Smears 
are  made  and  the  relative  numl>er  of  bacteria  and  red  blood  cells 
per  one  or  two  hundred  fields  arc  counted.  A  simple  calculation 
can  then  he  made.  This  method  has  been  described  in  the  section 
dealing  with  opsonin  technique. 

Another  useful  technique  is  the  direct  counting  of  dilutions  of 
the  barterial  susiJcnHion.  unstained  <tr  stained  with  methyh*nc  liUir, 
in  a  modification  of  the  Thoma  Zeiss  counting  chamber,  known  as 
the  Helber  chamber. 
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tt|A  fWmiMkV.  >'t  i*(  uiaiiy  viirioties  produce  gas  from 

HhMMMv^  '  "  ■■  ">^'^'^'  ruMNtituottU  of  tiicir  envirouunnit. 

WAIIV^  ^^^  ^^'  o)mmm*vo«1  in  a  very  simple  manner  by  mak- 

^g|  «ltV  <^U^^W«  lu   i|\<Utlu  ttr   nifrtr  containing  the   fermmitable 

IMlMl^^  ^^linll^v  ^-     ^^1  <MiUnri*N  bubbles  of  gas  will  form  along 

ik^  Vfiv4  ^  U^*  ^"'>  ^'^  ^^**'  ^'^^  ^^  Buch  semisolid  media 
lA  ^W  ^^VK  ^^UVUM  ^  U(«>>.  ^^11  Kproad  throughout  the  tubi.>.     In 


:nM  fornialion  in  stab  cultures  will  occur 

Hu*\lium  will  Hplit  and  break.     It  should 

s  V$\\S\\  i^  ^n'yiiitf  out  KUrh  methods  that  air  is  readily 

;'.uii   wllh   till'  inoculating  needle  or  loop  by 

iMiM,  nimt  that  mi'dia  which  liave  been  stored 

\  VAlkV  H^rlt  Kit*.     Kxpnimion  of  the  air  in  sui'h  tubes 

u-Miitw  of  gnN  formation  and  lead  to  error. 

I.-,  wlirncvcr  making  stab  inorulations  with 

A^^  \\s  UiMit  \\\f>  nicdiii  and  rapidlj  cool  tlieiii  before 


U'Aihod  of  gaK  determination  is  by  the  use  of 
^  %\w]\  M  thoMO  dc\*ifled  by  Smith.    The  gas  which 

'  \\w  ohwetl  arm  of  the  fermentation  tube  and 

>  \*(>    f^NlliUttted.      The    fermentation,    with    gas 
i^H  wolkNtnnocH  such  as  carbohydrates,  may   Im? 

,  ^t'Mi«  umterials  in  a  pure  state  to  the  media 

iv%  iJW  ^><^%Nk  liyilratcH  this  method  has  proved  of  giM-at 

x^.w  nrv  the  power  of  splitlitig  s|)eeifip  earboliydratca 

>  U  M  »*|)erie«  character-istic  of  great  constancy 
'  ;^^lcriii. 

\MP  U\tk  hNtNMKo  DY   Bacteria. — Carbon  DioAde. — For 
\'*     ,  1    v.'>,'*v'U  U"M(  mmUlHtivcly  and  roughly  quantitatively  of  car- 

106 


DETERMINING   BIOLOGICAL   ACTIVITIES  OF   BACTEIUA     197 

l)on  dioxide  produced  by  bacteria,  cultures  are  prown  in  fermen- 
tation tubes  ifoutainiug  sugar-free  broth  (see  page  150)  lo  whi(.'h  one 
per  cent  of  pure  dextrose,  lactoae,  saocharoee,  or  other  sugars  has 
been  added.  Tlie  tubes  arc  incubated  until  tlie  column  of  gas 
formed  iu  the  cIoRcd  arm  no  lang*^!r  incrcusos  (twenty-four  to  forty- 
eight  hours).  The  level  of  the  fluid  in  the  closed  arm  ia  tlien 
accurately  marked  and  the  column  of  gas  measured. 

The  bull)  of  the  fermentation  tube  is  then  completely  filled  with 
^  NaOII  solution,  the  mouth  closed  with  a  clean  rubber  stopper. 
and,  the  bulb  inverted  several  times  in  order  to  mix  the  gas  with 
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the  soda  solution.  The  tube  is  then  again  placed  in  the  upright 
position,  allowing  the  guii  remaining  to  collect  in  the  closed  arm. 
The  gas  lost  may  be  roughly  estimated  as  consisting  of  CO,. 

Hydrogen. — The  gas  remaining,  after  removal  of  the  COj  in  the 
preceding  experiment,  at  least  when  working  with  carbohydrate 
solutions,  may  be  estimated  as  hydrogen.  When  allowed  to  collect 
near  the  mouth,  further  evidence  of  its  being  liydrogen  may  be 
gained  by  exploding  it  with  a  lighted  match. 

Hydrogen  Sulphid  (ILS,  8ulphurctted  hydrogen).— In  alkaline 
media,  sulpluu-etted  hydrogen,  if  formed,  will  not  collect  as  ga8, 
but  will  form  a  sulphid  with  any  alkali  in  the  solution.  For  the 
estimation  of  the  formation  of  hydrogne  sulphid,  bacteria  are  cul- 
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tivttteil  in  a  strong:  pepton  solution  to  which  0.1  c.c.  of  a  one  per 
ocnt  solution  of  I'crrie  tartrate  or  k^ad  acetate  has  been  added.  Tlio 
fiddition  of  thcac  Biibstanees  gives  rise  to  a  yellowish  precipitate 
ill  the  liiiltoni  of  tlio  tuhew.  If,  on  suljsequent  inoculalion,  the 
Imcleria  produce  H^S.  ihig  precipitate  will  turn  black.  The  solution 
rccontmetidcd  by  Pake  for  this  test  is  prepared  as  fallows: 

1.  Woigh  out  30  grama  of  pepton  and  emulsify  in  200  c.c.  of  tap  water 

at  rw  C. 

2.  Wiwli  into  a  liter  llask  with  80  c.c.  tup  water. 

U.  AtUl  i*<Mliuin  ehlorid  5  grams  and  sodium  phosphate  3  grams. 
4,  llrnt  nl  100°  ('.  for  .'JO  oiinutes,  to  dissolve  |>epton. 
li.  KiUor  Ihnmgh  pup(»r. 

;C.  Fill  into  tubcH,  10  c.c,  each,  and  to  oacli  tube  add  0.1  c.c.  of  a  one 
r«nt  solution  of  ferric  tartrate  or  lead  acetate.     These  solutioua  should 
1h»  hiMilral.  I       I 

7.  Hleriltwi.* 

AccnuATE  QUANTiTA\'E  OAS  ANALYSES  of  bscterial  cultures  can  be 
made  only  by  ihe  more  complicated  niethods  used  in  cheniicul  labora- 
turiuJi  fur  quantitative  ^as  analysLs.  The  gas.  in  such  cases,  is 
rolieeti'd  in  a  bell  jar  mounted  over  mcreury,  and  subjected  to 
nnulyaiM  by  the  usual  method  described  in  works  on  aualytical 
(ih<«miMtry. 

Acid  and  Alkali  Ponnation  by  Bacteria. — Many  bacteria  produce 
RCid  or  nlknliiic  rnu'tious  in  culture  uiedia,  their  activity  iti  tliia 
roap»'cl  dcpondinK  to  a  large  extent  upon  the  nature  of  the  nutrient 
rnuti'rinl.  Many  organisms  which  on  carbohydrate  media  produce 
acid  will  (five  rise  to  alkali  if  eultivatrd  upon  m<'flia  enntainiu«  oidy 
proteins. 

Infonnation  as  to  the  pro<luction  of  acid  or  alkali  can  bo  ohtninrd 
by  the  atUlition  of  one  of  a  variety  of  indicators  to  neutral  media. 
The  bulifutors  most  often  employed  ff»r  this  purpose  are  litmus. 
n'Hitral  red,  China  bine  and  the  so-eallod  Antlradc  indicator.  An- 
Hrnde  conMists  of  100  c.c.  of  a  0.5^',  aqueous  solution  of  acid  fuehsin 
111  which  16  c.c.  of  accurately  normal  NaOH  has  been  added, 
rhanges  in  the  color  of  these  indicators  show  whether  acids  or 
alkalis  Imvo  been  produced. 

Oreat  help  in  differentiation  is  obtained  by  adding  chemically 
pure  enrbohydrates  to  media  to  which  litmus  has  been  added,  and 


'glutted  from  A'yn^,  "Bact.  Teehniqoiv"  Phila^  1903. 
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fihen  determining  xvhether  or  not  acid  is  formed  from  thrac  sulwtaiieea 
»y  the  microorgaiiisins.    These  lusts  liave  boen  of  special  irapoilauce 

in  the  diffcrentjation  of  the  typhoid-colon  groups  of  bacilli. 

Quantitative  estimation  of  the  degree  of  acidity  or  alkalinity 

[produced  by  bactr-ria  may  be  made  by  careful  titration  of  definite 

[-volumes  of  the  medium  before  and  after  bacterial  gi-owth  has  taken 
»laee. 

The  variety  of  acid  formed  bv  bacteria  depends  largely  upon  the 
nature  of  the  nutrient  medium.  The  acids  most  commonly  n'snlting 
from  ba«*tcriul  j^owth  are:  lactic,  acetic,  oxalic,  formic,  and  hippurio 
acids.  Qualitative  and  quantitative  estimation  of  these  acids  may 
be  made  by  any  of  tin.*  mftlio<ls  employed  by  analj'tical  chemists. 

Indol  Production  by  Bacteria. — Many  bacteria  x>088cs8  the  po^vcr 
of  producing  indol.  Though  formerly  regarded  as  a  rrgular  accora- 
paninuMit  of  protein  decomposition,  later  researches  have  shown  That 
indol  production  is  not  always  coexistent  witli  putrefaction  processes 
and  occurs  only  when  pepton  is  present  in  the  pabulum. 

Indol  formatit)n  by  bacteria  is  dtitermined  by  tlie  so-called  nitroso- 
indol  reaction.  Organisms  are  grown  in  sugar-free  pepton  broth 
or  in  the  pcpton-salt  bouillon  of  Dunham.  (Sep  page  Iftl.)  Media 
containing  fermentable  suljstanccs  are  not  favorable  for  indol 
production  since  acids  interfere  'with  its  formation.  The  cultures 
are  usually  ineuhnted  for  three  or  font-  ^lays  ni  37°  C.  \\  \]]t^\  jyh] 
ot  tills  time,  ten  drops  of  eoneentratrd  sii1pl|iirie  Jifiil  »]-i-  lun  into 
each  tube.  If  a  piiik  color  appoara^  ip«ln]  jfi  pres^tnt,  nnd  '"'v  gvthp" 
Ijie  additional  information  that  tli«'  mii'mi^r^minwip  in  giK'stion  has 
been  able  to  form  nitrites  by  reduction  (e,^..  I'holfrH  ftp^H^^ini  I  If 
the  pink  color  does  not  appear  after  the  addition  of  the  sulphunc 
acid  alone,  nitrites  must  be  supplied.  This  is  done  by  adding  to 
the  fluid  about  1  c.c.  of  a  0,01  per  cent  aqueous  solution  of  sodium 
nitrite.  The  sodium  nitrite  solution  docs  not  keep  for  any  length 
of  time  and  should  be  fresldy  made  up  at  short  intervals, 

Vajjillin  Tkbt.* — An  excellent  test  for  indol  is  the  so-called 
vanillin  test.  To  5  c.c.  of  the  culture  add  5  drops  of  5  per  cent 
vanillin  solution  in  95  per  cent  alcohol,  and  2  c.c.  of  concentrated 
hydrochloric  acid  or  sulphuric  acid.  If  indol  is  present,  an  orange 
color  develops  within  2  or  3  minutes.    Tryptophane  gives  a  reddish 


'Ste^sma,  Zeit.  f.  Phymf.I.  Chem.,  47,   190t5;   Nelson,  Jmir.   of  niol.  Chem., 
24,  1916. 


900 


BIOLOGY  AND  TECHNIQUE 


violot  which  grows  deeper  when  the  znediiitn  is  heated  or  allowed 
to  stand. 

Phenol  Production  by  Bacteria, — Phenol  is  often  a  by-product  in 
the  course  of  protein  cleavage  by  bacteria.  To  determine  its  presence 
in  cultures,  bacteria  are  cultivated  in  flasks  containing  about  50-100 
e.c.  of  nutrient  broth.  After  three  to  four  days'  growth  at  37**  C, 
5  CO.  of  concentrated  HCl  are  added  to  the  eultun-,  tlu;  flask  is 
connected  with  a  condenser,  and  about  10-20  c.c.  are  distilled  over. 

To  the  distillate  may  be  added  0.5  c.c.  of  Millou's  reagent  (solu- 
tion of  mereurous  nitrate  in  nitrie  acidl,  wlien  a  red  color  will 
indicut<*  phenol;  «ir  0.5  c,c.  of  a  ferric  chloride  solution,  which  will 
give  a  violet  color  if  phenol  is  present. 

Reducing  Powers  of  Bacteria. — The  power  of  reduction,  possessed 
liy  mai»y  baeteriu.  is  shown  by  their  ability  to  form  nitrites  from 
nitrntcN.  This  is  easily  demonstrated  by  growing  bacteria  upon 
nitrate  broth  (sec  page  151).  Baetena  are  transferred  to  test  tulx^s 
eontaining  this  solution  and  allowed  to  grow  in  the  incubator  for 
four  or  flvf  days.  The  presence  of  nitrites  is  then  chemically 
determined.* 

In  haeteriologienl  wt>rk,  4  c.e.  of  the  eulture  fluid  are  poured  into 
A  clean  test  tuUs  and  to  it  are  gradually  added  2  c.c.  of  the  mixed 
test  solutions.  A  pink  color  indicates  the  presence  of  nitrites,  the 
intensity  of  the  color  being  proportionate  to  the  amount  of  nitrite 
present. 

The  reducing  powers  of  bacteria  may  also  be  shown  by  their 
ability  to  deeolorize  litmus,  methylene-blue,  and  some  other  anilin 
dyes,  whxcli  ou  abstraction  of  oxygen  form  colorless  leukobascs. 


•  Wo  am  intlfbtcJ  to  Dr.  J.  P.  Mitohellf  of  Stanford  University,  for  the  follow- 
ing Co<;hn><)uc  for  nitrite  ic»t»: 

f.  Sulph&nilic-  Acid. — Dissolve  0.5  g.  iu  ISO  c.c*.  of  acetic  acid  of  Hp.  Or.  1.04. 
(Acetic  acid  of  1.04  pT<?piired  by  diluting  400  c.c.  of  cone,  of  8p.  gr.  1.75  with 
700  c.c.  of  water.) 

II.  A-Naphthylaniin.— Dissolve  0.1  gr.  in  20  e.c.  of  wat«r.  boil,  filter  (if  neces- 
ury),  and  lu  clear  fillrntt*  add  380  c.c.  of  acetic  acid,  8p.  Gr.  1,04. 

The  aolutionH  ure  kept  Kepnrnte  and  mixed  iu  equal  parts  just  before  use. 

In  carrying  out  th«>  t<-Hl,  put  2  c.c.  of  each  reagent  in  a  test  tube  and  add 
substance  to  be  tested.  (In  ordinary  water  analysis  use  100  e.c.)  Cover  tu1>« 
with  watch  glass  and  sot  in  warm  water  fur  20  ininutos.  Obeerve  presence  or 
abaeac^  of  pink  color  promptly.  Alwaj**  mn  a  blank  on  the  distilled  water  used 
fur  rinsing  to  avoid  errors  due  to  nitrites  in  the  watei,  or  in  the  air  of  the 
Jftborntory. 
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Enzyme  Action.' — Tlie  action  of  the  enzymes  produced  by  bac- 
teria may  he  demonstrated  by  briug^iug  the  baytoritt,  or  thrir  iHulated 
ferments,  into  contact  with  the  proper  substaiict's  and  observing 
both  the  physical  and  <'hrmi<'a!  changes  produced.  In  obtaining 
enjEyineu  free  frum  living  bacteria,  it  ia  convenient  to  Itill  the  cultures 
by  the  addition  either  of  tolnol  or  of  chloroform.  Both  of  these 
substances  will  destroy  the  bacteria  without  injuring  the  iMizymes. 
Unzymes  may  also  hv  obtained  separate  from  the  l>odies  of  the 
bacteria  by  filtration. 

Proteolytic  Enzym£S. — The  most  common  evidences  of  protco- 
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Pia.  28. — ^Types  of  Gei>attn  Liqfkfactioh  bt  Bacteria. 


lytic  enzyme  action  observed  in  bacteriology  arc  the  liquefaction 
of  gelatin,  fibrin  or  coagulated  blood-serum,  and  the  peptonization 
of  milk.  This  may  l>e  observed  both  by  allowing  the  proper  bacteria 
to  grow  upon  those  media,  or  by  mixing  sterilized  cultures  with 
small  quantities  of  these  substances/  The  products  of  such  a  reac- 
tion may  be  separated  from  the  bacteria  by  filtration  and  then  tested 
for  pcpton  by  the  biuret  reaction. 

^8ee  alBo  pp.  54  ct  scq. 

•Bitter,  Anrhiv  f.  Hvq.,  v.  Ifl86. 


■■^^^^^^V  niOU>OV  AND  TfX^MNIQUG  T^^^K^^^ 

I'lolrolytlo*  Piuynioft  niuy  nUo  ho  cUlrrmined  by  growing  the 

^^^^^,|„,.lu  upon  i\\M »lin  miUaiiiing  iilhnuiin  solutions,  blood  scrum, 

«*•«•     i«l'^  wnim.  tlM'H  piN^i'iplluliiiK  the  proteins  by  tiu»  addition  of 

»%,ii\nH»iiinin  nul|tliu1o  (rtbo\it  ^0  urnnw  to  20  o.o.  of  the  culture  fluid) 

•%«%<l    wiHinintf  betwoen  r»0  In  60*   l^   lop  tliirty  uiimitcs.     The  prc- 

«%|tiitiilo  in  tiMMi  lUtoml  off,  llu'  flllrnte  made  ntrongly  alkalin  with 

fsjaoM,  Mild  n  few  dnti***  **^ '''M^P*"^  siil]>hiite  solution  added.    A  violet 

•^«il(ir  litdleiiiefl  ihe  preHeiioe  tif  pept(»n — proving  proteolysis  of  the 

«irlKtn»l  HUMirrdii- 

IMAhTATlf  Kn/vmiw. — The  presenee  of  diastatic  ferments  may  be 
ilidi'THiirted  liy  MilxInR  hroth  eiihureH  of  the  haeteria  with  Ihir.  starch 
tiiiNte,  It  U  niteeMimry  tlint  hoth  tho  cultures  and  the  starch  paste 
|>o  abHiiliilfl.v  flee  from  MUKfir.  After  remaining  in  the  incubator  for 
Ovi*  oi  hU  hoiii'N,  the  IhiWl  IN  filtered  and  the  filtrate  tested  by  methods 
\iNed  for  ddlernihdnir  thi*  pretiencc  of  sugars. 

iNViiiliTiNo   KitHMKN'TH.     hiverting  ferments  are  determined  by  a 

priiredure  Nindliir  to  the  above  Iti  prineiph*.     DiJute  solulions  of  cane 

*iMM">'  •*''*'  ">lHed  with  old  eultun'H  or  culture  filtrales  of  the  respec- 

tlvo  bnelerin  and  jht-  mixture  allowed  to  stand.     It  is  tlien  filtered, 

illd  tlM>  (Ulnite  toNtfd  for  Khn-oHe,  ptefcrahly  by  Fehling*8  solution. 

ANIMAL   EXPERIMENTATION 

\\\  tlu>  ntudy  o^  imthogenie  microorganisms,  animal  experimenta- 
tion l>  OMJO'Utbd  In  miitiy  Itistniiees,  The  virulence  of  any  given 
tit'iiMtiUM^  i'oi  a  detbdie  indmul  npecies  and  the  nature  of  the  lesions 
tU'oduiMMl  HVi^  ohar««tdi«rlHtlcH  often  of  groat  value  in  diffen^ntiation. 
UoImIIuh,  unUM^oYiM",  »>f  many  Iwieterin  is  greatly  facilitated  by  the 
(Ut^^dntton  oC  RUMceplllile  animals  and  recovery  nf  tlie  pathogenic 
iuut^tdnuk  h^an  th«  himrl'M  Idood  or  from  the  lesions  produced  in 
va^'ioUM  ot|t*tnN  That  InvcNtigatinns  into  1h<>  phenomena  of  im- 
mutdU  wo\dd  Ih^  ntkttuhitely  imposHible  without  the  use  of  animal 
iMoenhuloM  U,  of  cournc,  Melf-evident,  for  by  this  method  only  can 
tlu'  tit^liott  of  lvaol(*rU  In  relation  to  living  tissues,  cells,  and  body- 
HnbU  be  olutcrvrd. 

Ihe  AnbuHln  n»o«t  <*ommonIy  employed  for  such  observations  are 
HubicH-ptiiN.  white  ndee,  while  rats,  and  rabbits.  The  method  of 
Inoeulallnn  otay  bo  either  aubuutaneouB,  intrapleural,  intraperitoneal, 


MImmAik  ami   \rfMihr<kth,  Ann.  Pfttt..  vi.,  1892. 
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ravenous,  or  subdurnl.  etc.  It  must  be  borni?  in  mind  always 
that  the  mode  ol*  inoculation  may  influence  tlie  ooui-ki*  of  un  int'oction 
no  less  than  does  the  virulence  of  the  nucroorg:ani8m  or  the  size 
of  the  doae. 

Inoculations  are  made  with  some  form  of  hypodermic  needle 
fitted  to  a  HyrinKO.  The  most  convenit'Ut  synn««i  are  the  all-^lass 
Luer  or  tin*  Dohove  R>Tinfji'K,  which.,  however,  are  expensive.  Any 
form  of  sterilizahh-  syring:e  may  be  uai^.  In  making  inoculations 
the  hair  of  the  animal  .should  be  clipped  and  the  skiu  disinfected 
witli  carbolic  acid  or  alcohol. 

Subcutaneous  inoculations  arc  most  conveiuently  made  in  the 
abdomuial  wall,  where  tlic  skin  \h  tlun.  After  clipping  and  stcrilit- 
ing.  the  skin  is  raised  between  the  fiuftcrs  of  the  left  hand  aiui  the 
needle  plunged  in  obliquely  so  as  to  avoid  penetrating  the  abdominal 
wall  and  entering  the  peritoneiun. 

In  making  intraperitoneal  inoculations,  great  cure  must  be  exer- 
cised not  to  puncture  the  gut.  This  can  be  avoided  by  passing  the 
needle  first  through  the  skin  in  an  ol»lique  direi'tion,  then  turning 
it  into  a  position  more  vertical  to  the  ftl)domen  and  perforating  the 
muscles  and  peritoneum  by  a  very  short  and  carefully  executed  stab. 

Intravenous  inoculations  in  rabbits  are  made  into  the  veins  run- 
ning along  the  outer  margins  of  the  ears.  The  hair  over  the  ear 
is  clipped  and  the  animal  held  for  a  short  time  head  downward 
so  that  the  vessels  of  the  Jicad  may  fill  with  blood.  An  assi.stant 
holds  the  aninial  firmly  in  a  horizontal  position,  the  operator  grasps 
the  tip  of  the  ears  with  the  left  hand,  and  carefully  passes  his  needle 
into  the  vein  in  the  direction  as  nearly  as  possible  parallel  to  its 
course. 

Mice  are  usually  inoculated  under  the  skin  near  the  base  of 
the  tail.  They  may  be  placed  in  a  jar  over  which  a  cover  of  stiff 
wire-gauze  is  held.  They  are  then  grasped  by  the  tail,  by  which 
they  are  drawn  up  between  the  side  of  the  jar  and  the  edge  of  the 
wire  cover,  so  that  the  lower  end  of  the  back  shall  be  easily  acces- 
sible. The  skin  is  then  wiped  with  a  piece  of  cotton  dipped  in 
carbolic  solution  and  the  needle  Is  inserted.  (Jreat  care  must  be 
exercised  to  avoid  passing  the  needle  too  close  to  the  vertebral 
column.  Mice  are  extremely  delicatCf  and  any  injury  to  the  spine 
usually  causes  immediate  death. 

,      With  proper  eari*  niiee  or  rats  may  be  easily  injected  intra- 
;^(^noiisly  if  a  sufficiently  fine  uecHlle  is  used.    There  arc  four  super- 
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{y\%    tMMMliiic    nlo]i)f    \hv    toil,    which    stand    ow 
tUl^tH'^l  with  w»ttou  inuiHtt'iK'd  with  xylol.     Into 

.   KM-   K^i^i'^'t^'PifC^  w\\\\   Hacilhifl  poslis  the 
14  n»ml.    Thr  Mkin  w  merely  shaved  and  a 


Ku^vlMt  \h(  lh\»  4«ul^ur<i  vlic^iroiwly  nihbi^d  into  the  Bhavcn  aroa. 

ii\\'(*  \^%'Usw  U»Mim  \*t  Huhunl  hohU-rH  which  have  boon  devised 

m-    ^M-^    -,.\    hi    httrltM-inlofrirnl   work  unless  working  xm- 

M  M   itf  tho  nrdniaJM  iHMng  easily  aeooraplished 

lv>  \\w  \s^S\\\%  \^t  tt  nKlllcd  iiMNlNlnnt. 

\\lU^)ViiM  U|MMt  thfiHMrtt  atdninlM  iiniHt  be  carefully  made.  The 
mUuidU  ^Vii  U«>tl,  luirk  down,  nihtn  pann  fitted  in  the  comers  with 
vUm|«  f^ir  lh»*  «l('lii|hi.  'rh*'y  are  then  moistened  cither  M-ith  hot 
Mtlvr  \w  ifWh  H  woali  iioliitltui  oT  enrbnlie  acid,  so  that  contamination 
l\^  Imtt  ivtM>  In*  MVttUlcd,  A  ineiliaii  cut  is  made,  the  skin  is  carefully 
lMwM^<lvd  \m\}\k,  mid  thi*  body  oaviticti  are  opened  with  sterile  instru- 
tMt  uU  rtiltui'i'ft  \ui\y  then  lie  taken  from  exudates,  blood,  or  organs 
uu»l»'»  |in'i««»illitim  ••Imllar  lo  those  recommended  below  for  similar 
|ii^MtiMluri>«  M  n«l»|>^Y  upon  man. 

liviU'idaltMl  muIimmU  mIioiiM  Im\  if  possible,  kept  separate  from 
lu^dh.y  AtiiinnU  Uiilihitn  and  n^uinea-pi^  are  best  kept  in  gal- 
VnuUnd  li'iinwiro  t*na*'K  which  are  fitted  with  floor-pans  that  can 
W  l(iKi*ii  iMil  iiiitl  ctrnncd  and  Nti*rilizod.  Mice  may  be  kept  in 
ImMei)  J«ri»  MHcil  with  perforated  metal  rovei-s.  The  mice  should 
Iw  NMVldWtl  wllh  larire  plectta  of  cotton  upon  batting  since  they  arc 

dcllcHli'l.V    mltivrfpriblr    fo  foM. 

lh«  Blvwllng  of  Auimala. — Animals  are  bled  for  the  purpose  of 
obhdiilitK  vlllier  eorpuHcles.  deflbrinated  blood  or  serum. 

In  ni'dcp  lo  obtain  small  amounts  of  blood,  that  is  about  5  or 
ID  10.,  from  rabbits,  the  car  is  shaved  and  had  best  be  immersed 
lii  wariik  watpr  for  a  few  moments  in  order  to  expand  the  vessels. 
Ibnilc  nilibbi^  with  alcohol  is  also  advantageoas.  The  rabbit  is 
llicn  luld  with  bead  hauKing  downward,  and  a  broad  needle  of  the 
lUgtMlorr  needle  type  is  thnist  into  the  vein  and  mthdrawn.  The 
ilropn  cttii  be  i*auglit  directly  in  a  centrifuge  tube,  or  in  the  culture 
iiiiMlla  foi  which  it  is  intended.  All  blood  media  should  be  incubated 
i'nr  21  bourn  and  the  contaminated  t\ibes  discarded. 

A  better  mrthod  is  to  take  blood  from  rabbits  and  from  guinea 
plUH  directly  fnmi  tin*  heart.  If  this  is  skillfully  done  the  animals 
can  be  ri-ju-atcdly  bled  without  being  killed    For  taking  blood  for 
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complement  in  Wassermann  reactions,  this  is  among  the  best 
methods  since  large  guinea  pigs  can  be  alternately  bled  and  rested. 
Both  in  rabbits  and  guinea  pigs>  bleeding  directly  from  the  heart 
is  easily  accomplished  after  a  little  praetiei*.  Tlie  anterior  tliorax 
of  the  animal  is  clipped  and  painted  with  tincture  of  iodin  and  the 
operator  in  feeling  for  the  third  interspace  close  to  the  sternum 
had  best  paint  the  lips  of  his  6ngors  with  iodin.  A  twenty-two 
gauge  needle  about  two  inches  long  is  then  attached  to  a  syi-inge 
and  passed  downward  in  the  tliird  left  interspace  close  to  the 
stcrnura,  slight  suction  Ixniig  exercised  at  the  same  time.  There 
is  not  much  p\irpose  in  describing  this  in  detail  since  it  can  be 
taught  only  by  practice. 

Both  rabbits  and  guinea  pigs  can  hv  bled  from  the  carotid.  The 
animal  is  anesthetized  as  above,  and  the  carotid  laid  bare.  It  is 
found  very  close  to  the  trachea,  in  rabbits  lying  almost  in  contact 
with  the  trachea,  and  a  little  behind  it.  It  is  enrefully  separated 
from  the  vagus  nerve,  and  tied  off  in  its  distal  portion.  The  thread 
with  which  it  is  tied  can  be  used  to  handle  it  thereafter,  A  sterile 
glass  cannula  can  bo  thrust  into  the  artery  and  the  bloo<l  taken 
through  this,  or  else,  as  we  prefer  to  do  it,  the  side  of  the  artery 
is  picked  up  ^vith  a  very  fine  forceps  and  Jield  with  one  hand  while 
it  is  cut  across  with  a  sharp  scissors.  In  this  way  the  blood  can 
be  directed  .straight  into  a  wide  mouth  flask  without  being  allowed 
to  come  in  contact  with  anything  until  it  hits  the  inside  of  the  flask. 

Larger  animals,  like  sheep,  goats,  horses,  are  easily  bled  by 
plunging  a  sterile  needle  into  the  external  jugular  vein  which  runs 
in  these  animals  from  a  line  just  behind  the  angle  oi  the  lower  jaw 
to  the  stcrno-clavicular  junction. 

The  blooii  ean  be  run  directly  into  media  as  for  blood  agar,  blood 
broth  and  chocolate  medium. 

If  serum  is  desired,  it  ean  be  run  into  containers  of  various  kinds 
slan((  d  and  allowed  to  clot  in  tlie  iec-liox. 

If  defibrinated  blood  is  desired,  the  blood  can  be  taken  directly 
into  sterile  flasks  containing  pieces  of  broken  glass  or  beads  and 
attenuated  before  clot.  Such  blood  can  be  kept  in  the  ice-chest  and 
added  to  media  subsequently. 

,,,  Blood  can  be  also  preserved  for  culture  purposes  by  the  addition 
of  just  enough  ether  to  hemolyze  it,  and  added  to  media  in  this 
form.    The  ether  is  evaporated  off. 


CHAPTER  X 

THK    BACTKHIOLOOICAL    EXAMINATION    OP    MATERIAL    FROM    PA- 

T1KNT8  AND   AN    OVTLINE    OF   THE   HACTKRIAL    FI^BA   OP 

THE  NORMAL  HUMAN  DOPY 

Tecumcal  procedures  for  the  examination  of  spoeimeiw  of 
exiidnti's,  stools,  sputum,  et<'.,  in  various  couditious  an*  giveu  in 
appropriate  places  in  the  text  dealing  with  the  individual  diseases. 
Iti  this  chapter  we  wish  to  discuss  hriefly  general  principles  of 
bacteriological  examination  which  will  be  useful  in  properly  col- 
lecting and  handling  materials  which  are  sent  to  the  laboratory 
for  diapiosis  or  which  the  bacteriologist  takes  from  the  patient 
himself. 

In  making  bacteriological  examinations  of  material  taken  from 
li\Tng  patients,  or  at  autopsy,  the  validity  of  result  is  as  fully 
dependent  upon  the  technique  by  which  the  material  is  collected, 
as  upon  proper  manipulation  in  the  later  stages  of  examination. 

Afaterial  taken  at  autopsy  should  be.  if  possible,  directly  trans- 
ferred from  the  cadaver  to  the  proper  culture  media.  If  cultures 
'e  to  be  taken  from  the  liver,  spleen,  or  other  organs,  the  surface 
of  the  organ  should  first  l)e  seared  with  a  hot  scalpel  and  an  incision 
made  tin-ough  the  eajisule  of  the  organ  in  the  seared  area,  M'lth  the 
B«niP  instrument.  The  platinum  needle  can  then  he  plunged  through 
this  incision  and  material  for  e\iltivation  be  taken  with  little  ehanee 
of  surface  contamination.  When  blood  is  to  he  transferred  from 
the  heart,  the  heart  muscle  may  be  incised  with  a  hot  knife,  or  else 
the  needle  of  a  hypodermic  syringe  may  hi*  j)lunged  throuj^h  the 
previously  seared  lu-art  nuisele  and  the  blood  aspirated.  The  same 
end  can  be  accomplished  by  means  of  a  pointed,  fresldy  prepared 
Pastc\tr  i>ipette.  In  taking  specimens  of  blood  at  autopsy  it  is  safer 
to  lake  thi-ni  from  the  arm  or  leg,  by  allowing  the  blood  to  How 
into  a  broad,  deep  cut  made  through  the  sterilized  skin,  than  from 
the  heart,  since  it  has  been  found  that  post-mortem  contamination 
of  the  heart's  blood  taki*s  place  rapidly,  probably  through  the  large 
veins  from  the  lungs.    Kxudates  from  the  pleural  cavities,  the  perl- 
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irdiuin,  or  the  poritonoum  may  In*  taken  with  a  s'  1  syringe 

pipette.  Under  nil  circumstuncrs  it  Hhould  be  i.  ...i.-iL'd  that 
cultures  taken  from  blood  or  tissues  of  the  cadaver  will  b<*  eon* 
taminated,  unless  cultures  are  taken  within  a  few  hours  after  death. 
Uacteria  get  into  the  circulation  and  multiply  throughout  the  body 
with  astonishing  speed  after  death. 

Mat<'rials  colhcted  at  the  bedside  or  in  the  operating-room  should 
be  transfiTrod  directly  to  the  proper  media  or  else  into  sterile  test 
tubes  and  so  sent  to  the  laboratory.  When  the  mati'iinl  is  scanty, 
it  may  Im'  <'ollcct(*d  upon  a  sterile  cotton  swab,  which  should  bo 
iimneditttely  ri'plaeed  in  the  stcrili/ed  containing  tube  and  sent  to 
the  laboratory. 

Syringes,  when  used  for  the  collection  of  exudati;s  or  blood, 
should  be  of  some  variety  wliich  is  easily  sterilizable  by  dry  beat, 
or  boiling.  Mr>st  convenient  of  the  forms  in  common  use  are  the 
[1-glass  '*Luer"  syringe,  or  the  cheaper  "Sub-Q'*  model.  Iiistru- 
leuls  which  can  be  sterilized  only  by  ehemieal  disinfectants  should 
not  be  used.  When  fluids  are  collected  for  bacteriological  examina- 
tion, such  as  spinal  fluid,  ascitic  fltiid,  or  pleural  exudates,  it  is 
eouvenicnt  to  have  them  taken  directly  into  sterilized  ceotrifuge 
tubes,  since  it  is  often  necessary  to  concentrate  cellular  elements  by 
centrifugali74ition.  By  immediate  collection  in  these  tubes,  the 
daugei*  of  eontaniination  is  avoided. 

Examination  of  Exudates. — Pus. — Pus  should  first  bo  examined 
morpliologically  by  some  simple  stain,  such  as  gcntian•^'^olet,  and 
by  thi'  fJram  stain.  It  is  convenient,  also,  to  stain  a  speeimen  by 
Jenner's  stain,  in  order  to  show  clearly  the  relation  of  bacteria  to 
the  cells.  Such  morphological  examination  not  only  fnriiishes  a 
guide  to  future  manipulation,  but  supplies  a  control  for  the  results 
obtained  by  cultural  methods.  Specimens  of  the  pus  are  then  trans- 
ferred to  the  proper  media,  and  pour-plates  made  or  streaks  made 
upon  the  surface  of  previously  prepared  agar  or  scrum-agar  plates. 

A  guide  1o  the  choice  of  media  is  often  found  in  the  result  of 
the  morphological  examination.  In  most  cases,  it  is  well  also  to 
make  anaerobic  cultures  by  some  simple  metliod.  (See  page  179 
et  seq.) 

The  colonies  which  develop  upon  the  plates  should  be  studied 
under  the  microscope,  and  specimens  from  the  colonies  transferred 
to  cover-glasses  and  slides  for  morphological  examination  an<l  to  the 
various  media  for  further  growth  and  identification,  .\nimal  inocu- 
lation and  agglutination  tests  must  often  also  be  resorted  to.     A 
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kuowledge  of  the  source  of  (hr  material  may  furnish  considerable 
aid  in  making  a  bacteriological  diagnosis,  tliough  great  caution  in 
depending  upon  such  aid  is  recommended. 

If  tlie  morphological  examination  shows  Oram-poaitive  micro- 
oocci,  as  in  staphyliK-occus  boils,  any  ordinary  properly  made  agar 
will  suffice. 

If  streptococci  are  present  in  the  Oram  stain,  it  will  be  iiHcful 
to  employ  blood  agar  plates  without  glucose. 

When  the  pus  is  gonorrheal,  ascitic  agar  plates  with  glucose 
should  \m*  used,  and  the  pus  transferred  directly  from  the  patient 
to  the  plate  and  incubated  before  it  chills.  In  the  case  of  pus  from 
abrasions  of  tlie  skin,  furuncles  or  boils  that  arouse  any  suspicion 
of  anthrax  a  cart»ful  searcli  for  rSram-positive  bacilli  should  be  made 
with  the  Oram  stain,  and  the  characteristic  colonies  looked  for  on 
ordinary  agar  plates.  "* 

AVhen  plentiful  leucocytes  are  present  and  the  pus  shows  no 
organisms  in  smear,  this  should  not  discourage  eulture  siiu'c  it  is 
not  nnnsual  to  obtain  colonies  on  culture  when  nothing  can  be 
found  by  smear. 

In  the  examination  of  peritoneal,  pericardial,  or  pleural  exudates 
it  is  nfti*n  advantageous  to  use  the  sediment  obtained  by  oentrifngaliza- 
tion.  A  difTcrcntial  count  of  the  cells  pi-csent  may  be  of  aid  iu  confirm- 
ing the  liacteriological  findings.  Morphological  examination  and  cul- 
tural examination  are  made  as  in  the  case  of  pus.  Specimens  should 
also  in  these  cases  be  stained  for  tubercle  bacilli.  Whenever  mor- 
phological examinations  of  such  fluids  arc  negative,  no  bacteria 
being  found,  and  especially  when  among  the  cellular  elements  the 
lymphocytes  preponderate,  the  search  for  tubercle  bacilli  should  be 
continued  by  means  of  animal  inoculation.  Otiinea-pigs  sliould  be 
inoculated  intraperitoneally  with  specimens  of  the  tiuid.  The 
animals  will  usually  die  within  six  to  eight  weeks,  but  can  be  killed 
and  examined  at  the  end  of  about  six  weeks  if  they  remain  alive. 
The  chances  for  a  positive  result  are  considerably  increased  if  the 
fluid  is  set  away  in  the  ice-chest  until  a  clot  has  formed  and  the 
animals  are  inoculated  with  the  material  from  the  hroken-up  clot. 

Spinal  Fluid. — Normal  spinal  fluid  is  a  clear,  colorless  fluid  which 
contains  not  more  than  ten  to  twelve  cells  per  cubic  millimeter. 
Anything  above  tbis  should  l>e  regarded  as  suspicious.  When  clear 
spinal  fluid  is  brought  to  the  laboratory  it  is  always  well  to  shake 
up  the  specimen  and  do  a  direct  count. 
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It  js  of  value  also  to  do  a  globulin  reaction  on  such  clear  fluids, 
which  Is  easily  done  by  Nojruehi's  butyric  ncid  mctliud  as  t'ollow«; 

To  0.2  CO.  of  spinal  fluid  «dH  0.5  e.e.  of  n  10  per  cent  bHt>'Tic  acid 
Rotation  in  phvsioU^Mcal  suit  solulion.  L^oil  the  mixture  nnil  ndd  0.1  e.c. 
of  normttl  sotiinm  hydrate,  nnd  boil  ugnin.  A  tlocculent  prenpiiate  lonns 
in  ]>ositive  reactionn. 

Clear  spccimeTia  of  fltiid  of  this  kind  should  be  examined  with 
an  intelligent  undci-stauding:  of  the  nature  of  the  case.  Sji^hilitic 
spinal  fluids  are  almost  always  clear,  but  the  cells  are  increased  to 
100  or  more  per  cubic  millimeter.  The  cells  consist  mainly  of 
lymphocytes.  Low  counts  may  be  encountered  in  tabes  and  Koneral 
paresis.  The  determination  of  these  facts  will  Iw  vflinnble  in  con- 
nection with  the  Bubsequent  Wassermann  reaction  or  colloidal  gold 
reaction  on  these  fluids,  and  with  bacterioloiffical  examination. 

In  infantile  paralysis  or  acute  poliomyelitis,  the  spinal  fluid  is 
usually  clear.  The  cells  here  are  increased  from  the  beginning. 
Accordinff  to  Peabody,  Draper  and  Dochez*  during  the  early  days 
of  the  disease,  80  or  more  pvr  cent  of  the  cells  may  be  polynuclear. 
After  72  hours,  however,  the  mononuclears  preponderate.  The  coll 
count  may  go  up  even  in  the  prodromal  period.  The  highest  cell 
count  is  usually  found  in  the  first  week,  gradually  coming  down 
tmtil  the  fourth  week  of  the  disease.  The  globulin  reaction  is 
usually  highest  in  the  second  and  third  week,  but  the  writei*s  men- 
tioned alxjve  found  a  percentage  of  cases  in  which  the  cell  counts 
were  normal.  These  facts  are  given  because  they  should  be  taken 
into  eon.sideration.  together  with  l)aeteriological  examinations. 

Tuberculous  fluids  are  entirely  clear,  or  but  slightly  turbid. 
When  the  suspicion  of  tuberculosis  exists,  the  fluid  should  be  handled 

sterilely  as  possible,  and  allowed  to  stand  in  the  ice-chest  luitil 
little,  white,  thread-like  clot  appears  in  the  center,  wlneh  sinks 
to  the  bottom  of  the  tube.  It  is  in  this  clot  that  tubercle  bacilli 
can  be  found  b^'  careful  seareb.  It  is  smeared  on  the  slide  and 
stained  by  the  usual  methods.  If  enough  fluid  is  available,  the 
residue  should  be  injected  into  one  or  two  guinea  pigs  in  as  large 
quantities  as  can  be  obtained.  The  cells  in  tuberculous  fluid  are 
chiefly  lymphocytes. 

Acute  meningitis  is  most  commonly  caused  by  the  meningococeus, 
pneumocoeexis,  atreptoeoecUB,  less  commonly  by  influenza  bacilli  and 
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other  organisms.  Siich  fluid  may  range  from  slight  turbidity  to 
thick  punihiiipc.  Tho  «ells  in  such  fluid  consist  almost  entirely  of 
polynuL'lear  leucocytes  during  the  acute  stages.  Snicars  sliould  be 
made  immcdiatrly  aud  stained  by  tiram.  If  Uvnni-positive  organisms 
are  presi*nt.  they  cau  immediately  l>e  recognized,  and  cultures  taken 
accordingly.  In  epidemic  meningitis  the  (Iram-negative  meningo- 
cocci will  be  found  mostly  intracellular,  hut  some  also  extracellular. 
Sometimes  a  very  prolonged  search  must  be  made  before  any 
meningococci  can  be  found,  because  these  organisms  readily  undergo 
autolysis.  In  the  fluid  from  an  acute  case  of  menitigitis  in  which 
many  polynuclcar  leucocytes  are  present,  and  no  organisms  can  be 
found,  it  is  pretty  safe  to  suspect  epidemic  meningitis,  since  we 
have  ou  a  number  of  occasions  encountered  fluids  of  this  kind  in 
which  no  organisnus  could  be  seen.  Cultures  should,  in  all  eases, 
be  taken  even  when  the  organisms  are  foiuid,  since  this  may  be  of 
value  in  determining  the  meningocoeeus  type,  in  finding  out  whether 
the  particular  meningococcus  is  agglutinable  in  the  polyvalent  serum 
used,  and  the  collection  of  the  type  ^f  meningococci  which  are 
present  in  an  epidemit*  is  a  part  of  the  bacteriologist's  contribution 
to  the  successful  production  of  sera.  The  cultures  are  best  taken 
on  plates  of  hormone  agar  with  0.5  per  cent  glucose,  and  hemolyzed 
blood  or  ascitic  fluid  added. 

Pncumocucci,  streptococci,  influenza  bacilli,  etc.,  may  be  cul- 
tivated by  appropriate  methods. 

The  cytological  character  of  the  fluid  and  the  relationship  of 
cells  to  bacteria  should  always  he  determined  since  this  may  have 
a  certain  amount  of  prognostic  significance. 

E&ajnination  of  Urine, — Bacteriological  examination  of  the  urine 
is  of  value  only  when  specimens  have  been  taken  with  sterile 
catheters,  and  care  has  been  exercised  in  the  disinfection  of  the 
external  genitals.  This  is  particularly  important  in  the  female. 
Many  of  the  numerous  finds  of  bacillus  eoli  in  uriiu;  are  unqucfition- 
ably  due  to  defective  methods  of  eolleeiing  mali^rial.  Urine  should 
be  centrifngalized  and  the  sediment  examined  morphologically  and 
pour-plates  and  surface  smears  made  upon  the  proi)er  media. 
If  necessary,  animal  inoculation  may  1h'  done.  In  examining  urine 
for  tubercle  l>aoilli,  special  care  should  be  taken  in  staining  methods 
so  as  to  differentiate  from  Hacillus  .^megmatis.  When  the  qui*stion 
is  one  of  infection  of  one  kidney  alone  the  specimens  must  ai  course 
be  obtained  by  ureteral  catheterization. 


BilCTERIOUKilCAL  EXAMINAllON    UK   MATKRIAl. 


211 


Examination  of  Peocs, — ITuniiui  focon  contain  an  onormoua  rniin- 
bcr  ot  bacteria  of  many  vari*'lies.  Kl**in,-  by  sprciuL  iiK'lhods 
estimated  tiiat  tbere  were  al)OUt  75aXK),H00  bacteria  in  onf  miilifrraiii 
of  feces.  It  has  been  a  noticeable  result  of  all  the  invest igutionH 
upon  tl»e  feees,  tliat  although  enormous  nunibers  eau  be  eountid 
in  raorphologieal  specimens,  only  a  disproportionately  smaller  num- 
ber can  be  cultivated  from  the  same  specimen.  This  is  explicable 
upon  the  ^ound  thai  special  culture  media  are  necessary  for  many 
of  the  species  foujid  in  intestinal  contents  and  upon  the  consi<leratiou 
that  many  of  the  bacteria  which  are  present  in  the  morpbolojarieal 
specimen  are  dead,  sho^ving  that  thore  are  baetei*ici<lal  proctHHes 
jroinff  on  in  some  pai'ts  of  the  intestinal  tract,  possibly  through  the 
agency  of  intestinal  secretions,  bile,  and  the  artion  of  the  products 
of  metabolism  of  the  hardier  species  present  Hy  far  the  greater 
part  of  the  intestinal  flora  consists  of  members  of  the  colon  group, 
bacilli  of  the  laetis  aerogenes  group.  Bacillus  fe&calis  alkaligenes, 
Bacillus  mescntericus.  and  relatively  smaller  numbers  of  strepto- 
eoeci,  staphylococci,  and  Gram-positive  anaerobes.  Many  other 
species,  however,  may  be  present  without  being  necessarily  con- 
sidered of  pathological  significanee,  Certain  writers  liave  reeenlly 
laid  much  stress  upon  a  preponderance  of  (lrain-i>ositive  ImeleHa  in 
specimens  of  feces,  claiming  that  such  preponderance  signifies  some 
form  of  intestinal  disturbance.  Herter'  has  recently  advanced  the 
opinion  that  the  presence  of  Bacillus  aerogenes  eapsulatu:;  in  the 
intestinal  eanal  is  definitely  associated  with  pernicious  anemia.  This 
is  discussed  in  another  section.  The  determination  of  these  bacilli 
in  the  stools  is  made  both  by  morphological  examination  by  means 
of  Gram  stain  and  by  i.solation  of  the  bacteria.  Such  isolation  is 
easily  done  hy  the  method  of  Welch  and  Nultal.*  A  suspension  of 
small  quantities  of  the  feces  in  salt  solution  is  made  and  1  c.c,  of 
the  filtered  suspension  is  injected  into  the  ear  vein  of  a  rabbit. 
|JVfter  a  few  minutes  the  rabbit  is  killed  and  placed  in  the  inenbator. 
After  five  houi-s  of  incubation,  the  rabliit  is  dissected,  and  if  the 
Welch  bacillus  has  been  present  in  the  feces,  small  bubbles  of  gas 
iwill  have  appeared  in  the  liver  from  which  the  bacilli  may  be  cul- 
tivated in  anaerobic  stab  cultures. 


'Kiein.  Ref.  Cent.  f.  Bakt..  I,  ra,  1901. 

*  Uerttr,  "Common  Bat'twrial  lufeetions  of  the  Dige«tive  Tract,'*  N.  Y.,  1907. 

*  Welch  and  Kuital,  Bull.  Jolmft  HupkiiiH  Hosp.,  1892.  Ill,  8L 
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Bacteriological  examination  of  feces  Ls  most  often  undei'taken 
for  the  isolation  of  Hacilhis  typhosus,  dysentery,  cholera,  etc.  Tliese 
methods  are  discussed  in  detail  in  the  cliapters  dealing  vnih  the 
(liRpnNc.s.     See  also  seetiun  on  media. 

The  determination  of  tuberck*  bacilli  in  stools  is  difficult  and  of 
qiiestiouablo  significance,  in  that  they  may  be  present  in  people 
suffering  from  pulmonai'y  tuberculosis  as  a  consequence  of  swallow- 
ing sputum  or  infected  food,  and  in  that  there  may  be  other  acid- 
haeilli,  such  as  the  timothy  bacillus,  present.  Perhaps  the  most 
reliable  method  is  to  treat  a  suspension  of  the  feces  with  5  per  cent 
HUtiformin  over  JiighT,  centrifugalize  thorouglily,  wash  the  sediment, 
and  inject  into  guinea  pigs. 

Blood  Cultures. — The  diagnosis  of  septicemia  can  be  positively 
made  during  litV  only  by  the  isolation  of  bacteria  from  the  blood. 
Such  examinations  aro  of  maoh  value  and  are  usually  successful 
if  the  technique  is  properly  carried  out.  A  large  number  of  methods 
are  recommended,  the  writers  giving,  however,  only  the  one  which 
they  have  found  successful  and  simple  for  general  use. 

The  blood  is  taken  by  preference  Trom  the  median  basilic  vein 
of  the  arm.  If.  for  some  reason  (both  forearms  having  been  used 
for  saline  infusion),  these  veins  arc  unavailable,  blood  may  be  taken 
from  the  internal  sai)henous  vein  as  it  turns  over  the  internal 
malleolus  of  the  ankle  joint.  The  skin  over  the  vein  should  be 
prepared  before  the  specimen  is  taken  by  painting  with  iodin,  as 
for  a  surgical  operation.  The  syringe  which  is  used  should  be  of 
some  sterilizable  variety  (the  most  convenient  the  Luer  model), 
wliieh  is  easily  manipulated  and  does  not  draw  with  a  jerky,  irregular 
motion.  Its  capacity  should  be  at  least  10  c.e.  It  may  be  stenlized 
by  boiling  for  half  an  hour,  or  preferably,  when  ail-glass  syringes 
are  used,  they  may  be  inserted  into  j>otato-tube8  and  sterilized  at 
high  temperature  in  the  hot-air  chaml>er.  Hefore  drawing  the  blood, 
a  linen  bandage  is  wountl  tightly  about  the  upper  arm  of  tlie  patient 
in  order  to  caiisc  the  veins  to  stand  out  prominently.  When  the 
veins  are  plainly  iji  view,  the  needle  is  plunged  through  the  skin 
into  the  vein  in  a  direction  parallel  to  the  vessel  and  in  the  direction 
of  the  blood-stream.  After  perforation  of  the  skin,  while  the  needle 
is  groping  for  the  vein,  gentle  suction  may  be  exerted  with  the 
piston.  Great  care  should  be  exercised,  however,  that  the  piston 
is  not  allowed  to  slip  back,  and  air  be.  by  accident,  forcc<I  into  the 
vessel.    In  most  eases  no  fraction  \9  necessary,  the  prcwrare  of  the 
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»lood  being  siiffieent  to  push  up  the  piston.  After  tlie  blood  has 
been  drawn,  it  should  be  immediately  transferred  to  the  proper  media. 
Epstein  has  recently  recommended  the  mixture  of  the  blood  with 
sterile  two  per  cent  ammonium  oxalate  sohition  in  test  tubes,  by 
which  nionna  the  clottinpr  is  prevented,  and  transfers  can  he  made 
more  leisurely  to  culture  media.    While  this  method  is  convenient 
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Pio.  29. — Blood-Cultttre  Plate  Showivg  STUEPTococcua  Colonies. 
of  hemolvsifl  about  each  colony. 
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in  cases  where  blood  must  be  taken  at  some  distance  from  the 
lalwratory,  it  is  preferable,  whenever  possible,  to  make  cultures  from 
the  blood  immediately  at  the  bedside. 

The  choice  of  culture  media  for  blood  cultures  should,  to  a 
certain  extent,  be  adapted  to  each  individual  case.  For  routine 
work,  it  is  best  to  employ  ghieoee  "hormone*'  agar  and  glucose-meat- 


IMP  BIUUX3Y  -VXD  TECHNIQUE  '*«*  ■^'^*^^ 

lnruiti>n  ItJiitli.     At  loasl  six  gluooRe-apar  tubes  should  be  melted 

MMtl  hMiiuTwtl  ilk  w»ti'i'  rtt  -ky  i\     Ik't'orc  the  blood  is  mixed  with 

iht<  lumtluiii,  tilt*  A^ikv  should  Ik*  cooled  to  4V  iu  order  that  bacteria, 

\t  piVNoitl,  tiiH\   hot  In-  injurt'il  by  the  heat.    The  blood  is  n<l(lr<l  to 

Ihi'  luU'M  iu   vttiyiiifcf  mmutities,  rnuKiiiff  from  0.25  to  1  c.c.  each, 

In  Ul'doi'  tlnil   ditTiMviit   deirreea  of  eoncentration  may  be  obtained. 

[  MIxImm   1**  neeiiiitptiNhrd   by   the  usual  dipping  and  rotary  motion, 

[  Iht'    foniintloii   ttl*  air  buhblfM   brin^r  tlnis  avoided.     The  mouth  of 

1  l^aeh  leHt  tube  Mhtuitd  be  pn.s»ed  tbrouKh  thf  flanu'  before  pouring 

the  etUiti'iitM  Into  the  pbiteH.    Throe  ttaskN  ol*  p;lut*ose  broth,  eontain- 

tuH  n**»  to  iftt»  re   III'  fluid  eaeh.  nboulil  Ik-  iiii>euiated  with  varying 

f||\tnutltleM  of  ItUuni     ot  leiint  \ine  of  the  flasks  eontaining  the  blood 

[Iu  blwh  dilution.     The  moKt  NtrinK<*nt  eare  iu  the  withdraMal  and 

IS'pltMH'Utt  til  of  the  eoUon  Hluppern  Nhouhl  be  exereiHed."  The  writers 

|tii>e  found  It  eonveuleiit  to  une.  in  plaee  of  one  of  these  flasks,  one 

[ftOUlMtMluil,  In  aiMllhot  In  the  glucotie.  1  gm.  of  powdered  ealeium 

i      '  '  '  '      '      '     *    neutrality,    permitting   pneumoroeei    oj* 

imltivf  to  aeid.  lo  devi^lop  and  retain  their 

hi  (lUkUtUH  lihutkl  v'oUnrt^N  I'roni  typhoid  patientR,  Buxton  and 
U'oleiuaiO  bttU'  olitniued  evivlb^at  reHiilta  by  the  use  of  pure  ox-bile 
UiudMlldnH  W%s  \M^\  ei'Ul  of  iftyoeHii  and  two  per  cent  of  pepton  in 
lUMKik  The  wrltern  Uttve  hud  no  iilf!leulty  in  obtaining  t>^}lu)i4] 
ktdtOirnMi  by  the  \\m*  of  hllKhtly  aeid  mrat-extraet  broth  in  flasks 
koot»iulUk^  WH)  or  Morr  «*iv  Iu  whirh  comparatively  little  blood  has 
\W\'\\  t»t»  '      The  fwlluie  of  a  proper  blood  culture  servire  in 

V^\\m\   Kv^»  ■  '*  -  i*  *lue,  we   lH»lb'Ve.   to  th«   fact  that   blood  cultures 

Ikve  t«K^^u  l\v  \\\\\  luterne  muff,  und  worked  out  by  the  bacteriologist. 
\\\  U  wi  \\w  \\U\\\^\  tuipoilMUee,  in  our  opinion,  that  a  single  indi^ndual 
lllhoohl  W  r«>«|Miii«tli1e  for  (be  enliri*  examination  from  beginning  lo 
ivovl  'IhU  U  to  avoid  the  jrivnt  poR^ibiIity  of  contamination  in  blood 
[vttlluiv  ^voil 

\K  ^Kmmiv   huniK  1  ti.ri'Hte*.— -These  cultures  may  be  taken  by 

loUlnti  blood  to  »lei*p  tube*  with  glucose-Jiseitie  agar,  covering  with 

HllMdi^oe  Htol  imlttnir  Into  Novy  jarn, 

Iu  I'HtlioHllnM  the  rvwulta  of  a   blood  culture,   the  exclusion  of 


>w-  Hri*  pr«^m^W  to  tho  flrtcnmeyvr  flasks  muallT'  «mpIo7ed. 

H  ..  Am.  Jour,  of  Med.  8cL.  1P07, 
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contamination  nsually  ofFers  little  dHficnlty.  If  tho  samp  mhro- 
organism  appears  in  several  of  the  plalea  and  flasks,  if  colonies  np«u 
the  plates  arc  well  distrihated  within  the  c€«itiT  and  under  the 
flurfare  of  the  medinm.  and  if  tlic  mieroorKniitsms  thrmsclves  hfhniK 
to  spe(*i(»s  wliirli  t'oninmiily  eause  srptiot'iiua.  such  a«  Rtrei>tococou8 
and  piu'umoeoceus,  it  is  usually  safe  to  assume  that  they  emanated 
from  the  patient's  cireulalioii.  When  oolonies  are  proHcnt  in  one 
plate  or  in  one  flask  only,  when  they  are  situated  nnly  near  the  edp** 
of  a  plate  or  upon  the  surfaee  <if  the  medium,  and  when  they  iK-lon^ 
to  varieties  whieh  are  often  found  saprophytic  upon  skin  or  in  air, 
they  must  be  looked  upon  with  anspieion.  It  is  a  ^ood  rule  to  look 
upon  all  staphylococcus  albus  eultnres  skeptically. 

Sputum, — In  examining  sputum,  Kuffieient  emphasis  eannot  b« 
placed  upon  the  necessity  of  collecting  the  sputum  in  a  proper  way. 
The  sputum  collected  by  patients  in  the  ordinary  spiitiun  «Mip  eon- 
sista  to  a  very  large  extent  of  material  obtained  from  the  mouth 
and  throat.  If  a  successful  examination  of  sputum  is  to  be  made, 
the  patient  should  be  taught  to  rinse  out  his  month  thoroughly,  and 
the  sputum  collected  directly  after  a  cough.  It  is  very  Mttle  td 
ask  for  this  amount  of  care,  if  the  examination  is  really  woHh  mak- 
ing at  all.  Sputum  so  collected  shoubl  ruit  be  left  in  the  M-ard.  but 
should  be  sent  to  the  laboratory  immediately.  Smears  should  be 
made  on  such  sputum,  with  an  intelligent  idea  of  what  is  desired. 

For  pneumococeus  type  examination,  the  sputum  is  thoroughly 
washed  and  intraperitoneally  injected  into  mice,  according  to  the 
detailed  directions  given  for  typing  in  the  chapter  on  pneumococeus. 

For  influenza  bacillus  examinations,  thin  smears  of  the  sputum 
should  be  stained  by  Gram  and  dilute  carbol  fuebsin.  The  char- 
acteristic gi*ouping  of  influenza  bacilli  is  of  considerable  help.  Plates 
of  chocolate  agar  are  then  streaked. 

Sputum  for  tuberculosis  examination  is  thinly  smeared  and 
stained  by  carbol  fnchsin  or  Hermann's  stain.  When  it  is  desired 
to  carry  the  examination  beyond  this  in  negative  examinations, 
washed  sputum  can  Im?  injected  into  guinea  pigs,  or  the  sputum  can 
be  antiforminized,  washed  and  then  injected.  Also,  the  anti- 
forminized  sediment  can  be  examined  by  stain  preparation. 

Direct  culture  of  tubercle  bacillus  sputnm  can  he  made  by  treat- 
ing -with  sodium  hydrate  and  plating  upon  Petroff's  gentian-violet- 
egg  medium,  by  the  method  described  in  detail  in  the  section  on 
tuberculosis. 
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Throat  Smean  and  Tliroat  Examinntw}}s. — The  bfictcriologrist,  if 
pfjshibJe,  nIiouM  tuko  these  specimens  liiniseif,  or  the  phy»ioian  tak- 
ing them  should  take  them  only  with  a  clear  illumination  of  the 
throat,  taking  hin  specimen  from  the  exact  spot  where  the  lesion  is 
KUppoBed  to  ho  locatod. 

I  For  diphthenu  oxnmination,  the  specimen  is  taken  with  a 
Htrnh*  HW'tih,  and  phitv<l  diivotly  upon  Lnoffler's  medium.  This 
aliouhl  be  incubated  witltout  delay,  and  the  swab  sent  to  the  labora- 
tory with  the  culture.  The  method  has  been  standardized  a]id  is 
y^Mcribed  in  the  Ncction  of  diphtheria. 

For  Vincent '8  uugina  examination,  smears  should  be  taken  and 
iftaincd,  heHt  by  strong  gentian  violet,  such  as  used  in  the  Gram 
nttiin,  and  tlie  snieur  seurehed  for  the  eharactenstie  spirilla,  and 
f uniform  bu<'illi.  IT  the  patient  is  in  the  laboratory,  it  is  lx»8t  to 
make  a  dark  lielfl  exnndnation. 

KrominatioH  ftf  Lasionx  on  the  Genitalia. — Lesions  suspicious  of 
primary  Nyphilitie  tiature  nhould  he  gently  washed,  the  superficial 
pun  removed,  and  only  exudate  from  the  bottom  of  the  lesion  taktn. 
If  neevHuary.  the  lesion  can  be  gently  scraped  and  serum,  mixed  with 
tiH  little  bl(H)d  as  poHsiblr,  used.  No  examination  for  treponema 
linlliduui  in  eijiijil  In  tiie  dark  field  examination.  It  is  important  to 
iwe  only  thick  slidoH.  A  drop  of  the  exudate  is  placed  on  the  slide 
and  A  covi'p-Hlip  dropped  on  it.  Then  a  drop  of  oil  is  placed  on 
thif  Ixittnm  of  the  Nlide,  over  the  pre])ariiti()n  and  on  the  .op  of  the 
covcr-MlIp,  And  tin-  preparation  is  placed  on  the  dark  field  condenser. 
In  didng  thiH,  rare  Nltttuld  be  takfii  to  avoid  air  bubbles  iti  the  oil. 

Whtii  NUH]»ieio(i  1)1'  t'haneioid  exists,  the  material  should  l>e  in- 
oculated imnu'diattfly  into  tubes  of  coagulated  and  inactivated  sterile 
rabbit 'm  blood,  and  Incubated  according  t^  the  method  of  Teague. 


BaCtkhia  Habititam.y  iKiiARrriNo  THE  Normal  HrM.\N  Boot 

In  studying  bnetcria  in  dimsMC,  it  is  of  eonsidcrable  importance 
to  have  a  clear  idea  of  the  morphological  and  cultural  characteristics 
of  forms  which  arc  frequently  cncoinitered  in  different  parts  of  the 
human  body  under  normal  eonditiona. 

Varioiis  cavities  of  the  body  which  communicate  with  the  ex- 
t*'rnal  world,  always  eonlain  c(»nsidernble  numbers  of  bacteria  rcprc- 
senting  a  large  variety  of  speeies.  Somi*  of  these  may  l>e  habitual 
saprophytes  associated  with  that  particular  part  of  tlu*  body,  othei'S 
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may  hv  accidtnital  and  temporary  invaders,  merabcrfi  of  pathogenic 
groups  wiiich,  either  because  of  the  reduced  virulence  of  the  strains 
or  the  increased  resistance  of  the  individual  are  not  capable  under 
the  circumstances  of  causing  their  specific  infection. 

It  is  sucli  conditions  which  may  lead  to  many  erroneous  etiological 
conclusions  and  which  render  the  investigation  of  the  canaation 
of  diHcaseH  in  the  mouth,  intestines  and  other  locations  rxTrrmely 
difficult.  It  is  perhaps  hcst  to  discuss  this  subject  from  the  point 
of  view  of  the  indi%ndual  locations  atu<iicd. 

Bacteria  in  the  \onnal  Afuuth  atui  Pharynx, — The  mouth  and 
pharynx  are  habitually  the  habitat  of  niuncrous  bacteria.  Saliva 
Itself  is  not  a  good  culture  medium,  and,  indeed,  may,  according 
to  some  investigators,  show  very  slight  inhibitory  or  even  bacteri- 
cidal powers.  Kut  those,  at  best,  are  not  very  potent,  and  the  saliva 
tlius  is  a  t>asi8  for  a  iluid  medium  which  furnishes  water  as  a  solvent 
and  a  reaction  suitable  for  a  great  many  different  bacteria. 

Sloughing  epithelium,  decayed  teeth  and  gums,  fooil  particles, 
etc..  furnish  suitable  nutrition.  Catarrhal  inflammation  wliich  is 
rarely  entirely  absent  to  some  degree  or  in  some  place  in  the  adult 
human  being,  favors  the  lodgmi'tit  of  bacteria  upon  the  membranes 
and  reduefs  the  resistance  of  the  tissues. 

In  spite  of  these  faels.  it  is  surprising  that  the  frequent  acciclent&l 
injury  of  the  gums  and  oral  and  pharyngeal  mucous  membranes 
so  rarely  leads  to  serious  infection,  and  ends  so  readily.  This  is 
a  fact  which  has  not  as  yet  been  adeqnately  explained. 

tiiaphyjlococci  can  almost  always  be  isolated  from  the  mouth.  They 
are  usually  of  the  Albus  variety,  hut  not  infrequently  staphylococcus 
Aurrws  also  can  be  found. 

Of  the  streptococci  the  Viriflans  is  almost  always  present.  The 
isolation  of  a  **viridans''  from  inflammatory  processes  of  the  mouth 
and  throat,  therefore,  has  ver>'  little  true  signiflcance,  unle&s  it  is 
isolated  from  a  closed  process,  such  as  a  tooth  ab-scess,  or  unless  other 
Btnmg  corroborative  evidence  can  he  adduced.  The  Hrmohjiicus 
variety  is  less  frequently  found  in  the  normal  month,  but  may  be 
present  without  causing  disease.  However,  the  isolation  of  a  hemoly- 
licus  from  an  inflamed  tonsil  or  pharynx  is  much  more  likely  to 
mean  that  there  is  an  etiological  relationshifi,  and  it  is  of  course  well 
known  that  many  of  the  severe  inflammntiona  in  this  location  are 
of  hemolyticus  ongin. 

Ill  oxamiuatious  made  many  years  ago  by  the  writer,  30  per  cent 
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of  people  examine*]  harJ)orcd  pneumococci  in  their  mouilis,  al  oue 
tinic  or  another,  in  the  course  of  tiic  cold  months.  Since  then,  the 
typing  of  the  pneumococcus  has  made  it  possible  to  show  that  the 
pneuniO('oc*ri  most  frequently  present  in  the  mouth  belong  to  Group 
IV.  In  the  investigations  of  Dochez  and  Avery  which  are  described 
in  another  place,  it  was  found  that  this  type  caustMl  only  about  9.8 
per  rent  of  pneumoiii&s,  but  was  found  with  considerable  frequency 
in  nortiial  mouth.s.  The  other  and  more  virulent  types  may  bo  found 
in  the  normal  mouth,  as  well,  but  are  more  apt  to  represent  reeent  con- 
tact with  pneumonia  cases  or  a  transitory  carrier  state.  This,  at  least, 
is  suggested  by  the  writers  mentioned  above,  though  probably  a 
definite,  conclusive  statement  cannot  be  made  concerning  it  at  the 
present  lime. 

Of  the  non-pathogenic  Gram-positive  cocci  the  Micrococcus  Candi- 
catus  and  occasional  pigment  forming  mici'ococci  are  not  infrequent,  » 

Micrococcus  Tetragenus  is  very  often  un  inhabitant  of  the  mouth 
and,  Jis  a  matter  of  fact,  one  sees  it  mast  fre(|uently  in  routine  work 
in  Loefilcr'H  cultures  taken  for  the  purpose  of  diphtheria  diagnosis. 

Of  Gram-negative  micrococci  there  is  a  considerable  variety  which, 
without  being  pathogenic,  may  Iw  cultivated  from  the  mouth  and 
throat  and  add  no  little  confusion  to  meningococcus  carrier  examina- 
tions. Most  conunon  among  these  are  the  Micrococcus  Cainrrhalixj 
which  is  described  in  another  section,  and  may  be  distinguished  from 
the  nu'uingococcus  by  its  heavier  growth,  its  growl ii  at  room  tem- 
perature and  its  failure  to  proiluee  fermentation  of  dextrose  and 
ma1to.se.  The  Micrococcus  Flavus,  which  frequently  has  led  to  crn)r 
in  similar  work,  is  a  pigment  forming  Gram-negative  coccus  often 
found  in  the  throat,  which  grows  at  room  temperature,  and  in  most 
cases  agglutinates  spontaneously  in  normal  horse  serum.  Another 
which  forms  very  ilry  colonies,  the  Micmcoccus  I'hnrymjis  xiccuit,  is 
often  isolated,  but  easily  recognized.  In  addition  to  this,  EUer  and 
Huntoon  have  described  three  different  ehmmogenic  groups  of  similar 
urganisniH  often  found  in  the  mouth  and  throat.  These  probably  do 
not  exliaust  all  the  possible  Gram-negative  micrococci  that  can  be 
isolated  from  this  htcality.  but  it  in  really  only  of  importance  to  make 
sure  in  human  examination  whether  one  Ls  dealing  with  a  true 
meningococcus,  with  a  microeoccus  eatarrhalis.  or  with  other  sapro- 
phytes. 

True  meningococci  are  of  course  often  found  in  normal  or  slightly 
iufiamed  throuts  during  the  currier  state,  which  is  dismissed  nt  con- 
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siderahle  leni?th  in  another  place.  As  discussed  there,  these  organisms 
when  ihfy  arr  pri-seiit  are  usually  kwutal  high  up  in  the  pharynx 
near  its  roof,  and  successfxil  search  for  farriers  depends  very  largely 
upon  care  of  reachinj?  the  riglit  spot  with  the  swah. 

Of  bacilli,  tho  muuth  eonlaias  a  large  variety  at  different  times. 
Few  of  these,  however,  are  confusing  from  the  bacteriologist's  point 
of  view,  except  some  of  thr  diphtheroids.  The  pseud ft-(fiphtheria 
bacilluSf  or  Bacillus  Uoffmauni,  may  be  present  without  having  any 
relationship  to  disease.  It  Is  described  in  another  section.  The  other 
larger  and  more  irregular  riiphthtroid^s  are  not  uncommon,  and  are 
easily  distinguished  from  true  diphtheria  hacilli  l\v  their  appearance 
and  cultural  characteristics. 

Chmn-furining  Gram-posilive  bacilli  and  large  obviously  sapro- 
phytic varieties  may  !>e  present  in  ver>'  <lirty  nioutlm,  but  r)ffer  no 
bacteriological  diftimilties.  •»' 

Of  the  Gram-negative  bacilli,  Proieus,  Lactitt  AerogentM,  and  special 
members  of  the  Fritd Hinder  group  may  be  present.  We  have  known 
one  man  who  habitually  had  a  Friedlander  rulture  in  his  mouth,  with- 
out ever  suffering  any  harm  from  its  presence. 

The  fusiform  bacillus  described  in  another  section  in  connection 
with  Vincent *s  angina,  is  almost  always  present  botwe**n  the  gums  and 
the  teeth  in  mouths  that  are  dirty,  with  cariotw  teeth  or  where  there 
is  some  inflamnmtion  of  the  gums  themselvoB.  It  is  an  observation 
that  wu  make  almost  every  year  with  our  students,  that,  if  a  platinum 
loop  is  passed  between  the  base  of  the  tooth  and  the  gums,  and  smears 
taken  from  a  number  of  students,  the  bacteria  usually  associated  with 
Vincent's  angina,  apirochtetcs  and  fusiform  bacilli,  can  be  seen  in 
one  or  another  of  the  cases  examined. 

Spirilla  and  spirocbietes  avv  almost  habitually  present.  The 
Spirillum  Milltrij  named  after  Miller,  who  has  made  valuable  studies 
upon  mouth  bacteria,  is  a  small  true  spirillum,  easily  cultivated,  and 
not  easily  confu.sed  with  other  moi7>hologieally  similar  organisms. 
Aliller  cultivated  three  of  four  vaneties  of  luouih  :tpiriUa. 

True  treponema  (Noguehi*s  classification),  are  almost  always 
present  in  locations  like  those  described  for  the  fusiform  bacilli,  and 
even  on  the  mucous  membranes,  especially  when  small  spots  of  necrosis 
or  inflammation  occur.  Most  frequently  di.scussed  among  these  are 
the  large  spiroclia'te,  associated  with  Vincent  *s  angina,  the  Spironctna 
Vinc€7iti,  There  are,  likewise,  prosent  very  friMjuently  the  ireponema 
macrodeniium  and  microdcntinmy  classified  thiu?  by  Noguchi.    These 
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organisms  are  best  obscrvpd  uudcr  the  dark  field,  but  can  also  be 
stained  in  smear  if  strong  gentian  violet  or  uarbol  fuchsin  are  used. 
It  is  important  to  note  thai  morphologically  the  macrodentium  is  very 
similar  to  the  treponemu  pallidum,  and  in  the  dark  lield  examination 
of  syphilitic  lesions  of  the  mouth  and  throat,  this  similarity  must  be 
carefully  taken  into  aeeouut.  We  have  seen  cases  in  which  we  were 
unwilling;  to  make  a  definite  diagnosis  on  these  findings  alone.  It 
is  our  belief  that  whenever  extensive  necrosis  of  the  tissues  of  the 
mouth  and  pharjiix  occnr  in  consequence  of  other  infection  or  or  injury, 
the  necrotic  tissues  are  apt  to  be  invaded  by  fusiform  bacilli  and 
spirocha?te--i,  which  Jti  subsequent  examination  dominate  the  bac- 
teriological picture.  Wc  believe,  however,  that  in  the  large  majority 
of  these  cases,  perhaps  including  the  clinical  )iicturc  spoken  of  as 
Vincent's  Hn<a:ina,  the  trepcmenuita  and  fusiform  bacilli  are  secondary 
to  the  primaj'y  etiological  factors,  such  as  those  mentioned.  These 
organisms  are  anaerobic.  We  l>elieve  that  the  early  contention  of 
TiinnicrlifF  that  the  Bpirocha?tes  and  fusiform  bacilli  found  in  Vin- 
cent'ai  Angina  are  different  stages  of  the  same  organism,  is  not  generally 
accepted  to-day. 

The  normal  mouth  is  also  apt  to  contain  occasional  membera  of 
the  Leptoihnx  and  Sirtptoikrix  groups.  One  of  these,  the  Lepiolhrix 
inyiominaia  of  Miller,  is  supposed  to  be  ehnracteristic  of  the  mouth 
flora.  It  may  appear  as  a  large  Gram-positive  bacillus  form  which 
is  believed  by  some  writers  to  be  n  true  bacillus,  rather  than  a  lepto- 
thrix,  and  is  spoken  of  as  the  BarillHs  Mttximus  Huccalis  (MillerK 

Bacteria  in  the  Sou  and  Accessory  ii^inusts, — That  the  nasal  mucosa 
should  be  a  favorable  site  for  the  deposit  of  numerous  microorgan- 
isms follows  from  the  fact  tliat  air  is  constantly  passing  in  and  out 
during  respiration.  The  varieties  of  bacteria  to  he  found  in  the 
nose,  therefore,  may  belong  to  any  that  happen  to  be  present  in 
the  inhaled  air. 

The  subject  of  the  bacteriology  of  the  nose  deserves  more  atten- 
tion than  has  been  given  to  it  during  recent  years,  for  infections 
of  the  nasal  sinuses  and  the  conditions  which  lead  to  them,  are  being 
reeogni/A'd  of  the  utmost  importance  upon  general  health.  Flarlier 
investigators  claimed  that  the  passage  of  bacteria  in  the  air  to  the 
deeper  respiratory  organs  is  very  largely  arrested  by  a  sort  of 
filtering  action  in  the  nose.     Thomson  and  Hewlett'  fonnd  that  in 
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animals,  the  trBcheal  mucus,  as  well  as  the  mucous  membrane  of  the 
posterior  portions  of  the  healthy  iioae,  are  usually  sterile,  although 
the  vcstibulium  nasae  is  usually  heavnly  contaminated.  When  the 
nasal  cavity  and  the  septum  were  artificially  inoculated  with  Bacil- 
lus prodigiosus,  the  organisms  disappeared  in  about  two  hours. 
These  observers  believed  that  the  healthy  nasal  mucua  ia  not  bac- 
tericidal, but  does  not  favor  growl li.  They  examined  air  which 
passed  through  the  nose,  and  found  that  iu  the  ease  of  air  which  con- 
tained over  20  mould  spores  and  9  bacteria  per  cubic  centimeter,  these 
organisms  almost  entirely  disappeared  in  the  ])assage  of  the  air  through 
the  nose.  Hilderbrandt"  has  previously  obtained  similar  results  in 
Baumgarten's  laboratory.  Wright"  also  has  made  similar  investiga- 
tions, and  showed  that  between  '/♦  to  */»  of  the  bacterial  flora  of 
the  inspired  air  was  held  back  in  its  passage  through  the  nose. 

Among  the  most  interesting  studies  along  thcs<'  lines  are  those 
of  Neumann***  who  studied  the  nasal  secretions  of  over  200  people. 
of  which  about  111  were  supposedly  normal.  Nemnann  found  in 
normal  noses  a  very  large  number  of  different  microorganisms.  The 
percentage  findings  of  various  bacteria  were  as  follows: 

Paeudo-diphtheria  (probably  including  diphtheroids) — 98  to  100  per  G«Dt 

MitTOCweus  albus — 98  per  cent 

Micrococcus  aureus — ^tO  per  cent 

Stpeptoroeeus  laiicelatous  (probably  pneumococcus) — i  per  cent 

Priedliinder  bacilli — 6  per  rent 

Micrococcus  citreus — 12  per  cent 

Colon  bacilli — 12  per  cent 

Streptococcus — 2  per  cent 

Molds — 20  per  cent 

Sarcinae — 6  per  cent 

Lactis  aerogenes — i  per  cent 

Yeastfl — 2  per  rent 

Neumann  mentions  other  microorganisms  in  addition  to  these, 
but  the  figures  given  are  sufficient  to  show  that  the  normal  nose 
may  contain  almost  any  of  the  know'n  organisms  including  a  great 
many  of  the  non-pathogenic  forms  in  air.  of  which  the  bacteriologist 
dealing  with  disease  knows  very  little  as  a  rule.     Calamida  and 


*  Bilderbrandt,  Baumgarteo 's  Jahresb.,  4,  1888,  378. 

•  Wriffht,  quoted  from  Baum^artcn  *8  Jaliresb.,  5,  1889. 
"Neumann,  Zcit.   f.  Ilyx.,  40,    1902,  33. 


222 


BIOLOGY  AND  TECHNiglTE 


Bertardli*'  nlso  carried  out  mteref^iriR  slndi<^  on  the  normal  bac- 
terial flora  of  the  acoewiory  nasal  sinuses.  Working  first  with  dogs, 
they  found  that  in  20  dogs  of  various  ages,  the  frontal  sinuses  were 
always  sterile.  In  a  single  case  they  isolated  an  organism  which 
resembled  tlu»  Colon  hHciUns. 

In  8  dogs  the  ethmoidal  sinuses  wer*  sterile.  In  16  of  20  dogs 
the  maxillary  sinasos,  nntrum  of  Higlimori*,  were  sterile.  In  the 
others  they  found  various  cwei.  "When  they  inoculated  the  naso- 
pharynx of  dogs  with  eulmres  of  B.  prodigiosus,  pyooyanous,  and 
shMiHs,  and  killed  them  8  to  24  hours  later,  I]  of  them  showed 
entirely  sterile  accessory  sinuses  aud  sterile  middle  ear.  One  animal 
gave  a  positive  culture  of  prodigiosus  in  the  antrum,  frontal  sinuBes, 
and  the  ear.  In  3  others,  only  the  antrum  was  infected.  Two  of 
the  animals  treated  with  B.  pyocyaneus  retained  sterile  sinuses.  Of 
6  treated  with  Subtilis,  4  were  entirely  sterile.  It  is  interesting  to 
note  that  the  animals  that  were  infected,  were  those  which  were 
killed  only  8  to  10  hours  after  inoculation.  Of  those  which  were 
killed  between  18  and  24  hours  after  inoculation,  all  but  one  were 
sterile.  They  examined  12  fresh  human  cadavers  within  a  few  hours 
after  death,  never  later  than  20  hours.  In  all  but  one  of  these 
all  accessory  sinuses  of  the  nose  were  sterile,  and  in  this  one  a  non- 
pathogenic Staphyloe<MTTis  Albus  was  found.  Kustcr,  who  has  sum- 
marized work  on  the  ijasal  flora  in  the  Kolle  and  Wassermann,  on 
the  basis  of  a  study  of  tlu'  literature  as  well  as  his  own  investiga- 
tions, comes  to  the  conclusion  that  we  cannot  speak  of  a  character- 
istic nasal  flora,  that  practically  all  of  the  organisms  Arith  which 
man  can  come  in  cctntact  through  the  air  n»ay  settle  there  for  a 
shorter  or  longer  period.  In  a  healthy  nose,  however,  few  organisms 
can  gain  a  pe?*manent  foothold,  largely  because  of  unsuitable  cultural 
conditions  and  of  tlie  action  of  h-iicoeytes  and  the  secretions. 

Bacteria  in  the  Tmue^  Themjtdvtit. — Recent  work  has  given  definite 
evidence  that  even  the  tissues  themselves  may  not  Ik-  sterile  in 
normal  human  beings.  This  lias  l«d,  we.  believe^  to  a  certain 
amount  of  error  in  etiological  conclusions  wlien  blood  cultures  and 
cultures  from  normal  or  slightly  diseased  lymphatic  tissues  have 
been  taken,  am.1  diphtheroiil  aiul  various  cocpus  forms  isolated. 
According  to  the  cxperimenis  done  by  Adami**  there  is  a  constant 


"CiilomWo  and  BertarelH,  2tct.  f.  Bfckt.,  I  OHff.,  3fi,  190fi. 
^Adami.  Jour.  A.  M.  A.,  Dm.,  1S99. 
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entrance  of  bacteria  into  the  portal  circulation  from  the  intestines. 
These  are  verj-  largely  diKixtaeii  of  iu  thi;  liver,  hut  it  may  wcU  be 
that  the  liver  does  not  alwt^  eliminate  all  the  bacteria  from  the 
portal  rirciilation.  ami  thut  t»ome  of  tiiew!  then  liHlffe  iu  other  tissueH 
and  Ihtoiiu'  latent  there. 

The  latency  of  bacteria  iu  the  healthy  tiody  can  no  longer  be 
questioned.  Wc  have  long  known  that  trepftnema  pallidum  the 
spirochftte.H  that  infect  mice,  and  niajiy  irypiUii»omes  cnu  remain 
present  for  a  long  time  iu  the  circulation  and  in  the  tissues  of  animals 
and  man  without  giving  rise  to  charaeteristic  symptoms  or  even 
to  any  aymptonis.  Wc  have,  ourselves,  found  pallida  in  the  testea 
of  rabbitK  four  rootilhs  after  inoculation  without  there  having  l»een 
the  slightest  tisNue  reaction,  and  in  human  syphilis  tliis  latently  is 
well  recognized.  That  ti-tanuhi  npores  may  remain  latent  in  the 
spleen  and  other  orgami  of  guineu  ^ligH  under  certain  experimental 
conditions,  has  been  Hhown  by  the  Italian  olKnerver,  Canfora,'^  and 
recently  wc  have  seen  a  very  convincing  example  of  latency  of 
Btreptocuuci  in  tl\e  tissues  of  the  hand.  A  very  severe  hemolytie 
atreptoeoeeuH  lesion  subsided  under  surgical  treatment,  and  four 
months  later  a  purely  cosmetic  secondary  operation  was  undertaken 
at  a  time  when  there  was  not  the  slightest  trace  of  infection,  and 
hemolytic  streptococci  were  again  isolated  from  the  tissues  at  this 
operation.  There  was,  incident  ally,  no  sign  of  infection  of  the 
wound,  which  healed  uneventfully, 

I*  The  investigations  of  Torrey  and  others  have  shown  that  from 
Ijmiph  nodes,  the  seat  of  various  non-baeterial  conditions,  such  oa 
sarcoma,  Hodgkin's  disease,  etc..  many  varieties  of  diphtheroids  may 
be  isolated,  and  ttiisenau  has  reported  a  number  of  blood  culture 
results  in  which  diphtheroids  and  cocci  were  isolated  from  the  blood 
in  the  presence  of  febrile  conditions  which  obviously  were  not  due 
to  the  particular  organisms  isolated. 

Not  much  can  be  said  about  this  problem  of  latency  at  the  present 
time  because  lilth-  is  known  about  it,  but  the  possibility  should  be 
kept  in  mind,  and  should  cause  great  conaervatism  whenever  isola- 
tions from  the  tissues  are  madu.  and  the  etiological  question  is  raised. 

Ute  Bacteriology  of  the  Intestinal  Tract. — More  than  any  other 
part  of  the  body,  the  intestinal  canal  has  a  specific  flora  of  its  own. 
This  varies  at  different  ages,  with  health  and  disease,  and  is   to 


Canfora,  Cent.  f.  Bakt.,  45,  1908. 
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considerable  extent  dependent  upon  diet.  Also,  many  of  the  bac- 
ia  that  caxise  specific  diseases  of  the  intestinal  canal,  such,  for 
faistance,  as  the  typhoid  bacillus,  the  paratyphoid  bacilli,  the  dysen- 
tery group,  and  some  of  the  doubtfully  pathogenic  organisms  like 
the  Morgan  bacilli,  are  very  closely  related  in  morphology  and  cul- 
tural reactions  to  non-pathogenic  and  saprophytic  inhabitants  of 
the  howel.  In  no  type  of  bacteriological  work,  therefore,  is  it  more 
necessary  to  have  an  intelligent  understanding  of  the  bacterial 
species  that  are  likely  to  be  found  \\ithout  pathogenic  significance. 
I'\irthermore,  the  intestinal  canal  is  a  large  test  tube  from  which 
bacterial  products  can  be  absorbed  in  sufficient  amounts  to  cause 
severe  illness.  In  it,  different  kinds  of  food  supply  nutritive  ma- 
terial which  may  favor  one  or  another  species,  and  various  condi- 
tions of  aerobiosis  and  anaerobiosis  may  prevail.  It  is  more  than 
likely,  therefore,  that  many  so-called  eases  of  intestinal  poisoning, 
formerly  loosely  spoken  uf  as  ptomain  poisoning,  mdy  he  caused 
by  substances  formed  within  the  intestine  l)y  bacterial  action  upon 
the  food,  rather  than  upon  the  relatively  smaller  amount  of  fermen- 
tative and  putrefactive  products  taken  in  with  partially  decomposed 
food. 

The  intestinal  canal  of  the  child  at  birth  is  sterile.  The  meconium 
of  such  children  has  been  found  by  many  investigators  to  be  free 
from  bacteria.  But  this  docs  not  last  very  long.  Within  a  few 
hours  after  birth,  infection  takes  place,  and  from  then  until  deathi 
the  intestinal  canal  is  con.stantly  the  seat  of  a  voluminous  and  varied 
bacterial  life.  Kendall,**  who  hus  written  much  on  this  subject, 
and  in  his  book  has  brought  together  much  of  the  information, 
gathered  from  the  researches  of  Eseherich.*'''  Hei'ter.^*  and  his  own 
investigations,  has  classified  the  different  stages  of  the  bacterial  flora 
in  man,  as  follows: 

1.  Howel  at  birth,  sterile. 

2.  First  to  the  third  day  a  period  of  "adventitious  bacterial  in- 
fection." tl' 

After  this  time  there  is  the  period  of  establishment  of  the  charao- 
teristic  infantile  intestinal  flora  which  gradually  changes  as  the  diet 


**  Kendall,  Bacteriology,  Oenernl,  Patholojfiral  ar»J  Intestinal,  Loa  4  Febiger, 
PhiU..  1916.  p.  580. 

^*  Est'hfru'h.  Dunnbakterien  Je*  Saufilinj;?,  Stuttgart,  1HH6,  p.  9. 

**U€rter,  The  Cotumou  Baft<'rial  In/ivti.inB  of  ihi*  iJijfPfltive  Tract,  Harvey 
Leet.,  1906-1907. 
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approachos  more  and  more  that  of  the  adult,  into  the  charaoteristio 
flora  of  the  adult. 

In  the  earliest  days  during  the  stage  of  "adventitious  infection/' 
when  the  child  is  getting  its  first  bacteria  from  tlio  nir  ami  subject* 
with  which  its  mouth  comes  in  contact,  the  bacterial  flora  is  de- 
termined largely  by  accident. 

When  the  child  begin  to  take  food,  it  is  of  great  importance 
for  the  determination  of  the  bacterial  flora,  wlicthor  it  ih  luiin/ 
breast  fed  or  being  fed  on  artificially  modified  cows*  milk. 

In  breast  fed  children,  the  upper  part  of  the  small  intestine  will 
usually  contain  eutorococcus,  streptococcus  lactieus.  and  a  general 
predominance  of  the  coeeoid  form.  Ijower  down  toward  and  bcliind 
the  ileocecal  vnlvcs,  the  B.  lactis  aerogenes  and  the  Colon  baeilti 
appear.  In  the  lower  parts  of  the  cecum  and  the  rectum,  the  anaero- 
bic Bacillus  bifiduH  of  TLssier  and  similar  anaerobes  predominate, 
and  many  proteolytic  bacteria  may  be  present. 

In  contrast  to  this,  in  artificially  fwl  infants,  the  Ix^wel  is  rela- 
tively richer  in  the  (*olon  group,  and  the  B.  acrogcnes  type;  B. 
mesentericus  and  other  anaerobic  sj^ore  formers  will  l)e  present  iu 
considerable  numbers,  and  in  the  lower  bowel  the  B.  bifidus  type?* 
are  largely  replaced  by  Colon  bacilli.  B.  acidophilus  and  aimilar 
organisms.  Very  early  there  may  be  also  present  in  children  a 
cnrious  little  tctanos-like  organism  spoken  of  hs  Bienstock's  B. 
putrificus. 

Tissier,  who  has  done  a  great  deal  of  work  on  this  problem. 
described  the  flora  of  a  five  year-old  child  in  which  the  gradual 
transition  from  the  milk  to  the  mixed  diet  was  taking  place  as 
follows.  We  quote  from  Knster."  "Constant  fundamental  flora. 
B.  biiidus,  enterococcus.  C!olon  baeiUus,  B.  acidophilus.  Variable 
adventitious  organisms.  H.  perfringens,  cocci,  and  a  number  of  other 
Oram-negative  bacilli,  together  with  some  yeasts." 

As  adult  life  is  attained,  there  is  a  gradual  relative  increase 
of  organisms  of  the  Colon  type,  wluch  eventually  constitute  about 
75  per  cent  of  the  intestinal  bacteria. 

In  the  normal  adult  the  stomach  is  usually  sterile.  The  duodenum 
contains  a  few  cocci  and  Gram-positive  and  negative  badlli,  not  of 
the  Colon  type.  Ther«>  is  a  gradual  numerical  increase  of  bacteria 
downward.    In  the  jejunum,  or  upper  ileom,  the  Colon  types  begin 


"Kmsttr,  Kollc  and  WoBsermarfn.  2nil  Edition,  VoL  %  p.  400. 
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to  RTOfw  niuncrous,  and  in  the  cccam  and  colon,  which  arc  the  seat 
of  Ihi*  K''*^iitiHt  buclerial  activity,  Iho  flora  consist  chiefly  of  Colon 
typG«,  H.  nn*entcriciw,  a  few  anaerobic  spore  formers  of  the  Welch 
iM^tllux  typi.%  aTui  (Srain-puHitive  cocci. 

All  who  havn  nturlicd  this  Hubject  have  found  that  diet  has  a 
d4rfljiit«  and  imjKirtaut  bearing  upon  the  intestinal  flora  and  that 
dWlftStr*  chftM^(*fl  may  hr  hroniarlit  about  in  the  twclerial  contents 
of  the  bowrl  by  purpiwfully  adjuMtinijr  tho  diet.  The  studies  of 
Ueritr^*  and  of  KcntUll,"  particularly,  have  been  contributed  to 
niir  knowN'dK**  <»f  tliiH  Hul>jcet.  llerter  has  laid  particular  stress 
iifuiii  tin-  iiiipoilnncr  rif  the  Welch  bacillus  and  its  subvarieties  upon 
hit^Ntllial  putrefaction.  In  this  he  is  not  entirely  in  agreement  with 
l(ittt|fci'*  nfid  oth'-m  who  believe  that  the  Welch  baeillus  attacks 
protoihM  but  Hltuhtly,  iM'tn^  chiefly  concerned  with  carbohydrate 
fptinentalbni  l^^rter  has  produced  indicahuna  in  dogs  by  feeding 
larirt'  aiiiountn  of  nieut,  and  found  tlmt  with  such  feeding  the  colon 
und  lleuiri  ronlninerl  r/>n«idcrablc  numbers  of  anaerobic  bacilli.  He 
ntftH  Utlli'Ven  that  tliis  bacillus  is  ])articu1arly  concerned  with  a 
chro?i(''  |iulrt'fn*tiiv«  netivity  which  tak»*s  place  in  the  larfrc  intes- 
tinr,  In  the  course  of  wliich  anaerobic  bacilli  produce  butyric  acid. 
Ill  eiiMKeqiu'iieif  of  this,  there  may  be  a  considerable  intestinal  irrita- 
tion and  earbohydrnte  Intolerance.  Oonsiderable  anuria  may  also 
\i¥  II  ('oiwiinenee.  Other  writers  like  Friedman"  believe  that  con- 
Ntl|»iiil<<M  tiiVitVH  th«'  increase  <»f  these  putrefactive  organisms, 
HIinorMla*"'  linN  made  an  exhaiislive  study  of  the  relationship  of  the 
Weleb  JMiellluN  wrotip  to  infiKtInal  conditions,  and  has  reviewed  the 
hlri'sture  exli'iihively.  Ilr  HUitimari/.cH  his  studies  on  this  problem 
(t«  fjilhtwa:  **hi  th(*  cam*  of  gsN  bacillus  diarrhea,  the  presence  of 
iih  iieMMH  of  enrlK>hydr'nt<M  in  the  intestinal  content  brings  about 
iionditioim  ill  tht'  hiwer  ileum  and  flr*st  part  of  the  colou  which  are 
jiartleiilarly  enndueive  to  the  growth  of  H.  Welchii.  The  alisence 
of  liu'tir  Held  produeiiig  bacteria,  us  pointed  out  by  Kendall,  renders 
eondtlloim  still  more  favorable  to  the  multiplienlion  of  these  or- 
tfatdnms.  They,  therefore,  rapidly  increase  in  numlMirs,  produce 
Irrllatlriu  Imtyrh*  aeid,  nut]  are  swept  on  in  excessive  numbers  into 
tlir  lower  bowuir    The  number  of  spores  produced  will  be  measurably 


•"Hfltfirf,  Jour,  nf  Htnl.  C\\em„  2,  1900,  71. 

**  ^'ririlnutn,  Tratmnc,  of  t'hlcaKu  Pntliol.  Soc,  IftOI,  cito.]   from  Simonds. 

*•  fHm'*ii*t»,  MiMin({rtt|ih  of  It»H'k,  Institute,  No.  5,  M'lS. 
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proportional  to  the  number  of  bacilli  which  reach  the  lower  part 
of  the  bowel;  hence,  the  excessive  number  of  spores  of  BacilluB 
Welchii  in  the  stools  in  cases  of  gas  bacillus  diarrhea."  Simonda' 
results  substantiate  the  work  of  Kendall  and  D^y*^  to  Uie  effect 
that  children  and  adults  with  diarrhea  who  showed  large  numbers 
of  gas  bacilli  in  the  stools  are  made  worse  by  feeding  sugars,  and 
that  prompt  imj»rovem<^nt  results  when  the  diet  is  ehanged  to  one 
largely  composed  of  protvin.  An  absence  of  lactic  acid  by  the  feed- 
ing of  huttcr-milk  still  further  aids  in  eliminating  the  Welch  bacillus. 
Kendall  has  shown  by  prolonged  experimentation  on  monkeys,  dogs 
and  cats  that  feeding  with  cows'  milk,  to  which  sufScient  lactose 
has  l)een  added  to  simulate  breast  milk,  produces  a  bacterial  fiora 
In  such  animals  which  approaches  that  of  the  normal  nursing  infant. 
The  stools  take  on  an  acid  reaction,  and  organisms  like  13.  bifidua 
and  the  Enteroeoecus  begin  to  predominate.  In  order  to  bring  this 
about,  he  states,  it  is  necessary  to  continue  the  feeding  for  consider- 
able periods.  Kendall  divides  the  pathological  ca.ses  in  which  it 
can  be  reasonably  suspected  that  abnormal  baeterial  conditions  of 
the  intestinal  tract  play  a  causative  part,  into  those  which  are  due 
to  the  action  of  the  bacteria  upon  proteins,  and  those  in  which  it 
is  chiefly  a  matter  of  carbohydrate  fermentation.  In  the  case  of 
the  abnormal  proteolytic  processes,  there  may  be  a  liberation  of 
sulwtanccB  like  histamin  and  other  toxic  amines,  and  there  may 
even  be  the  formation  of  specific  toxins  such  as  those  which  have 
been  recently  produced  by  Bull  and  others  from  the  Welch  bacillus. 
Abnonnal  carbohydrate  splitting'  may  result  in  hyperacidity  and 
in  stasis  of  the  bowel,  and  secondary  putrefaction  in  consequence 
of  this. 

It  is  due  to  studies  like  those  of  the  writers  mentioned  above 
that  we  may  hope  to  be  able  to  exert  considerable  therapeutic  in- 
fluence upon  abnormal  intestinal  conditions  by  altering  the  flora  of 
the  intestine,  on  the  one  hand  by  eontrollinff  the  diet,  and  on  the 
other  hand  by  inoeulating  with,  or,  in  other  words,  feeding  bacteria 
of  a  type  Avhich  may  con-ect  the  condition  that  existSi 

A  detailed  study  of  these  therapeutic  measures  cannot  be  given 
in  this  place.  They  are  treated  of  in  articles  like  those  of  Coleman 
and  Shaffer .=*^  in  Kendall's  book  from  which  we  have  quoted  freely. 


**jr*»idaff  tfnd  Da^,  Boston  Med.  aud  Surg.  Jour,,  1911.  741  and  1912,  753. 
^Volcman  and  Shaffer^  Arehiv.  Inter.   Mwl,,  Vol.  4,   1909. 


hK>U>OY  AND  TECHNIQUE 
iM  «l#  miUk«Mt^UB  af  fierier,  Kendall,  Rettgcr,  Torrey'"  an^ 


|tu*vwiu   Imwwtant  Bkcausr  of  THEm  Frequent  Presence 

IN  THK   INTKSTINAL  CHANNEL 

Hi4^iUiM    .li»W<»|W»i7iw."— A    0ram-|>08itive   bacillus    which    eaxily 

)j|ihslviniH'<i   umiknlnr  dt'tfrru'ration  and   gi*ows  under  eondilious  of 

k^^kUl^i  itut  ftUppiirUHl  by  most  other  bacteria.    It  is  closely  related' 

\%   Iht*    UaiMlhii    bulirnricus.    ik^^s   not    form   spores,   and   is   i-losely 

b*iUl«td  ti)  n  Ki'uup  ill'  Himllur  organisms  which  have  not  been  sufflL- 

\\yn\\y  Ntudi^d  to  bo  conclimively  classified.     (See  Kendall,  Jour.. 

kliMl    Urn,  11)10.  22,  and  Unhe,  Jour.  Infee.  Dis.,  15,  1914.  41.)     lt» 

|iHi|utl«Mi  OMU,  uveoi'din^  to   Ki^ndall.   best  be  accomplished  by  in- 

liMt'UlHtintf  (hi*  original  material  into  dextrose  broth  contabiing  U.25 

iiliol  »'<'mI  ««M>lle  arid.    Two  or  thrre  transfers  on  a  modium  like  lhi» 

iflrr  IntorvaU  of  (trveral  clayK  will  gi\e  pure  eulturt's.     Dot's  not 

iM^it'Cy  tft'lMlln,  huH  Ifoen  aHHOciated  by  Escherich  with  acute  diarrhea 

ill  rhlldrt*!!.     lUidM  not  produce  gas. 

llrtpiV/ujv  Atidftiihilus  Aerogenes. — Descril)ed  by  Torrey  and  Rahe** 
[mvlilnh  itlitMrly  rt<uieiuhUf4  the  Bacillus  acidophilus,  except  that  it 
|)r«KluiMiM  uiifk  In  mono-,  di-  and  some  polysaochariiis. 

ihttnlhii  Hifi*im  of  7'MJiVr. — This  Is  a  strictly  anaerobic  bacillus. 
\  waM  di'MiTllii'd  by  TiHsior  in  1900.  (See  also,  Noguehi,  Jour. 
lliptM'.  Mnd..  12,  1910,  182.)  It  is  spoken  of  as  Hiiidus  because  it 
lit  tiflrh  MhiMv  a  bifid  branching  at  the  ends,  a  condition  in  which 
It  U  not  Nliown  in  Hmcars  from  ttie  intestinal  contents.  It  Ls  found 
r>Mrly  In  the  ntools  of  nursing  children.  It  produces  considerable 
,i|biiiiiMiitn  iif  acid,  hut  no  gas  from  carbohydrates.  Morphologically 
tlilft  otiraoiMiri  is  often  described  as  Gram-positivr,  but,  as  a  matter 
uf  faot,  many  m«mbers  are  Gram-negative,  and  often  the  bacilli 
lluitiiHelvi'R  may  be  Oram-negative  with  Qrara-positive  granules  scat- 
ti>n*(|  through  thrm. 

H(iciUu$  Mfl-^entericuji. — This  is  a  Gram-positive,  aerobic,  spore 
britrliig  bacilluH  which  is  active  proteolytic  and  concerned  with 
liulrirfaetiou  iu  the  intestinal  channel.    The  organism  is  more  closely 


^Torr9V,  Jour,  of  Infw.  Di«.,  1«.  1P15.  72. 

-PMo^t  Wion.  klin.  Woclu,  5,  19U0:  FinkrUicin,  D«nt.  med.  Woch.,  22,  1900. 
^Torrf^  mul  tlahe,  Jour,  of  Infeo.  Di«.,  17,  1916,  437. 
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related  to  the  common  hay  bacillus  or  Subtilis.  It  is  actively  motile, 
forms  spores  and  grows  with  great  ease  on  the  simplest  media.  It 
differs  from  the  ordinary  Subtilis  bacillus  in  that  it  does  not  ferment 
dextrose.  Kendall*'  has  shown  that  symbiosis  of  the  B.  Mesentericus 
with  the  Colon  bacillus  in  nulk  will  produce  a  greatly  increased 
metabolism  of  both. 

Bacillus  Putrificus  of  Bienstock." — This  is  a  Gram-positive 
anaerobic  bacillus  which  forms  end  spores,  and,  therefore,  mor- 
phologically resembles  the  tetanus  bacillus.  It  is  identical  probably 
with  Klein's  bacillus  cadavcris  sporogenes.  It  is  capable  of  produc- 
ing powerful  proteolytic  cleavage  in  milk,  cheese,  etc.  Bienstock 
believes  that  it  is  present  constantly  in  normal  feces. 


^KendaU,  Boston  Med.  and  Surg.  Jour.,  163,  1910. 
"BitiuUHsk,  Archiv.  f.  H^.,  36,  335,  1899,  and  39,  890,  1901. 
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INFECTION  AND  EVLMUNITY 


CHAPTER  XI 


FUNDAMENTAL   FACTORS  OF   PATHOtiKNICITV   AND   INFECTION 

When  microorganisms  gain  entrance  to  the  animal  or  Iiuman 
body  and  give  rise  to  disease,  the  proeeas  is  spoken  of  as  infection. 

Bacteria  are  ever  present  in  the  euviroiiment  of  animals  and 
human  beings  and  some  find  constant  lodgment  on  various  parts  of 
the  body.  The  mouth,  tlie  nasal  passages,  the  skin,  the  upper  respira- 
tory tract,  the  eonjunetivffi,  the  duels  of  the  genital  system,  and 
the  intestines  are  invariably  inhabited  by  numerous  speeies  of  bac- 
teria, which,  while  subject  to  no  al>solute  constancy,  conform  to 
more  or  less  definite  eharaet eristics  of  speeies  distribution  for  each 
locality.  Thus  the  colon  organisms  are  invariably  present  in  the 
normal  bowel,  Doderlein's  bueillus  in  the  vagina,  UaeilluH  xerosis 
in  many  normal  conjunctivae,  and  staphylococeiis,  streptococcus, 
various  spirilla,  and  pneiunococcus  in  the  mouth.  In  contact,  there- 
fore, with  the  bodies  of  animals  and  man.  there  is  a  large  flora  of 
microorganisuKS,  some  as  constant  parasites,  others  as  transient  in- 
vaders; some  harmless  saprophytes  and  othei-s  capable  of  becoming 
pathogenic.  It  is  evident,  therefore,  that  the  production  of  an  infec- 
tion must  depend  upon  other  influences  than  the  mere  presence  of 
the  microorganisms  and  their  contact  with  tlie  body,  and  that  the 
occurrence  of  the  reaction — for  the  phenomena  of  infection  are  in 
truth  reactions  b<'tween  the  germ  and  the  body  defenses — is  governed 
by  a  number  of  important  secondary  factora. 

In  order  to  cause  infection,  it  is  necessary  that  the  bacteria  shall 
gain  entrance  to  the  body  by  a  path  adapted  to  their  own  respective 
cultural  requirements,  and  shall  be  permitt7^d  tfl  pmliftTflt^^  nffpr 
gaininy  a  foothold.     Some  of  the  bacteria  then  cause  disease  by 
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sive  areas  of  the  animal  tissues,  uhito  others  may  remaiu  localized 
at  the  poi!it  of  invnaion  and  exert  their  harmful  action  chit'fljv  by 
local  growth  and  the  elaboration  of  specific  poisons. 

The  inciting  or  inhibiting  factors  vhich  permit  or  prohibit  an 

infection  are  dependent  in  part  upon  the  nature  of  the  invading 

and  in  part  upon  the  conditions  of  the  defensive  mechanism 

the  subject  attacked. 

Haclerin  are  rouf^hly  divided  into  two  classes,  saprophytes-  and 
parasites.  The  saprophytes  are  those  bacteria  which  thrive  best  on 
deatl  ort^anic  matter  aiul  fill  fill  the  ennrniou.sly  imjiortunt  function 
in  nature  of  reducing  by  their  physiolugieal  aetivities  the  excreta 
and  dead  bodies  of  more  highly  organized  forms  into  those  simple 
chemical  substanees  whi«h  may  af^ain  be  utiliyxj  by  the  plants  in 
their  constructive  nrocesses.  The  saprophytes,  thus,  are  of  extreme 
importance  in  maintaining  the  chemical  balance  between  the  animal 
and  plant  kingdoms.  Parasites,  on  the  other  hand,  find  the  most 
favorable  conditions  for  their  development  upon  the  liWng  botlics 
of  higher  forms.  (i 

While  a  &tri(rt  separation  of  the  two  divisions  cannot  be  made, 
numeroas  species  forming  transitions  between  the  two,  it  may  be 
aaid  that  the  latter  class  comprises  most  of  the  so-called  pathogciuc 
or  disease-producing  bacteria.  Strict  saprophytes  may  cause  dis' 
case,  hut  only  in  cases  wliere  other  factors  have  brought  about  the 
death  of  some  part  of  the  tissues,  and  the  bacteria  invade  the 
nr-<-rot]<-  areas  ami  break  down  th^^  proteins  \i}\t\  pniHonnwK  chemical 
subbtanccH  such  as  ptomaius,  or  through  their  own  destruction  giv« 
rise  to  the  liberation  of  toxie  constituents  of  their  bodies.  It  M 
necessary,  therefore,  that  bacteria,  in  order  to  incite  disease,  should 
belong  strictly  or  facultatively  to  the  class  known  as  parasitic.  It 
must  not  be  forgotten,  however,  that  the  terms  are  relative,  and  that 
bacteria  ordinarily  saprophj'tie  may  develop  parasitic  and  patho- 
genic powei^a  when  the  resisting  forces  of  the  invaded  subject,  are 
reduced  to  a  minimum  by  chronic  constitutional  disease  or  other 
causes. 

Organisms  that  are  parasitic,  however,  are  not  necessarily  patho- 
genic, and  there  are  certain  more  or  less  fundamental  reqtiirementa 
which  experience  has  taught  us  must  be  met  by  an  organism  in 
order  tliat  it  may  be  infections  (or  pathogenic)  for  any  given 
animal;  and  by  infectio\isncas  is  meant  the  ability  of  an  organism 
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to  live  and  multiply  in  the  animal  fluids  and  tissues.  For  instance, 
an  organism  which  is  shown  not  to  grow  at  the  body  temperature 
of  warm-blooded  animals  may  safely  be  assumed  not  to  be  infectious 
for  such  animals;  and  experience  is  gradually  teaching  us  tliat 
strictly  aerobic-  orfyaniHmg,  thnsi-  thriving  pnly  in  the  presence  of 
free  oxyge»j*^na  not  able  to  obbiin  this  frna  }^  ay^ikhh'  Qopihiiifttion 
from  carbohydrates,  can  also  be  safely  excluded  frnm  th*"  inff'<:t^""-** 
class.  Wo  havt*  also  learned  that  anaerobic  organisms,  althougli 
Lifeetious  when  gaining  entrance  to  tissues  not  abundantly  supplied 
with  blond-  ftri!  nraetically  unable  to  multiply  in  the  blood  stream 
and  give  I'ise  to  generalized  infection. 

The  pathogenic  microorganisms  differ  very  much  among  them- 
Belvet}  in  the  degree  of  their  disease-inciting  power.  Such  power  is 
known  as  vtruUnce,  Variations  in  virulence  occur,  not  only  among 
different  Kpecics  of  pathrtgcnic.  bacteria,  but  may  occur  within  the 
same  species.  Pneumuctwci.  for  instance,  which  have  been  kept  upon 
artificial  media  or  in  (»ther  tnifavorable  environment  for  some  time, 
exhibit  U'ss  virnlenci'  tlian  when  freshly  isolated  from  the  bodies  of 
man  or  animals.  It  in  necessary,  therefore,  in  order  to  produce  infec- 
tion, that  the  particular  bacterium  involved  shall  possess  sufficient 
virulence. 

Whether  or  not  infection  occurs  depends  also  upon  the  nuynber  of 


bacteria  which  ^ain  entrance  to  the  animal  tissues.  A  small  number 
of  bacteria,  even  though  of  proper  Hpeeies  and  of  sufficient  \irulencc, 
may  easily  be  overcome  by  the  first  onslaught  of  the  defensive  forces 
of  the  body.  Bacteria,  therefore,  must  by  in  yiifficient  number  to 
overcome  local  defenses  and  to  gain  a  definite  foothold  and  carry^ 
on  their  life  processes,  before  they  can  give  rise  to  an  infection. 
The  more  virulent  the  germ,  other  cmiditions  Wing  equal,  the  smaller 
the  number  necessary  for  the  prodnetinn  nf  disease.  The  inlrodue- 
tion  of  a  single  individual  of  the  anthrax  species,  it  is  claimed,  is 
often  sufficient  to  cause  fatal  infection ;  while  forms  less  well  adapted 
to  the  parasitic  mode  of  life  will  gain  a  foothold  in  the  animal  body 
only  after  the  introduction  of  large  ntmabei*8. 

The  Path  of  Infection. — The  portal  by  which  bacteria  gain  en- 
trance to  the  human  body  is  of  great  importance  in  determining 
whether  or  not  disease  shall  oecnr.  Typhoid  l^aeilli  mhhf^H  intft 
the  abraded  skin  may  gve  rise  to  no  reaefiot]  nf  impnrtnncp.  while 
the  same  microorganism,  if  swallowed,  may  cause  fatal  infection. 
Conversely,  virulent  streptococci,  when  swallowed,  may  cause  no 


^ 
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tTcjj  to  local  inft*M— tian, 
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mg  from  the  Hhsorption  or  diffusion  of  the  poisons  prodaced  by  the 
bai'feria  thrni.sclves. 

Bacterial  Poisonfl. — It  was  plain,  even  to  the  earliest  students 
uf  thin  sulijccl.  tiiat  mere  mechanical  capillary  obstruction  or  the 
abnorption  of  the  products  of  a  local  inflamniatiuii  were  iusuflicicut 
to  explain  the  profound  systemic  disturbances  which  accompany 
many  ba<*trrial  inf«'clions.  The  verj'  nature  of  bacterial  disease, 
therefore,  Migj<c»te(l  the  i»rescnee  of  poisons. 

It  waa  in  hia  investigations  into  the  nature  of  these  poisons  that 
BrieipeH  was  led  to  the  (liHt?over>'  of  the  ptomains.  These  bodies,  first 
isolated  by  him  from  decompusing  heef,  fish,  and  human  ca(iavei*s. 
have  found  more  extended  diKCussion  in  another  section.  Accurately 
claaMiflnl.  they  are  not  tnie  bacterial  poisons  in  the  sense  in  whi^'h 
the  term  is  now  employed.  Although  it  is  tine  that  they  are  produced 
from  protein  material  by  bacterial  action,  they  are  cleavage  products 
derived  from  the  culture  niodium  upon  the  composition  of  which 
their  nature  intimately  depends.  The  bacterial  poisons  proper,  on 
the  other  hauil,  are  sinrcific  products  of  the  bacteria  themselves, 
deiK'iident  upon  the  nature  of  the  medium  only  as  it  favors  or  retards 
the  full  development  of  the  physiological  functions  of  the  micro- 
organismN.  The  poisonK,  produced  to  a  greater  or  lesser  extent  by  all 
pathogenic  mieroorganisnis,  nmy  be  of  several  kinds.    TheJruc-iacMuS 

inttie  HfU'f\n\\/.oA  uut^img  yhinh  t\)n  tPitn  hat  npf^nirpH,  liiy  solnhlif, 
truly  secret<try  f>nMluets  of  the  bacterial  cells.  ]tassing  from  them 
into  tbg  culture  medium  during  their  life.  They  may  be  obtained 
Tru4T  from  the  ^mctcria  by  filtration  and  in  a  purer  state  from  the 
filtrates  liy  chprtiirHl  prrripitation  ami  a  variety  of  other  methods. 
Thi.  nuiMi  i(npfirt»"t  examples  of  such  poisons  are  thase  elaborated 
by  HacilluM  diphlheriie  and  Bacillus  totani.  If  cultures  of  th(»se 
baeterfiftorof  othfrs  uf  this  class  are  grown  in  fluid  media  for  several 
days  and  the  medium  is  then  filtered  through  porcelain  candles,  the 
filtrate  will  he  f«»un<l  toxic  often  to  a  high  degree,  while  the  n^si4hie 
will  be  I'ilhtr  inactive  or  comparatively  weak.  Moreover,  if  the  residue 
IKJKse.sses  any  toxicity  at  all,  the  symptoms  evidencing  this  will  be 
dilTcrcnt  from  thosi^  produci»d  by  the  filtrate. 

There  are  other  micruorgani.sms,  however,  notably  the  cholera 
spirillum  and  the  typhoid  bacillus,  in  which  no  such  exotoxins  are 
formed^^    If  these  bacteria  are  cultivated  and  separated  from  the  cul- 
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tnre  flnid  by  miration,  as  above,  the  Huid  filtrate  will  be  toxic  to 
only  a  very  sdighl  tlegrei*,  wherea8  the  residui-  may  pruvc  very  poison- 
lu  these  ca^es,  we  are  dealing,  evidently,  with  poisons  not 
iecreted  into  the  medium  by  the  bacteria,  but  rather  attached  more 
or  lam  finnly  to  the  Imetcrial  body.  Such  poi^jons.  separable  from  the 
biurt^rijt  only  after  death  by  84:>me  method  of  extraction,  or  by  antob-sis^ 
were    tenne<!   by    I'feiffrr  t'jfdoto.rinjt.     Tiie   greater  number   of   tho 


pathogenie  baeteria  weni  to  act  ehiefly  by  moans  of  poisons  of  this 
class.  X*'*'  ^^^  *^  ''"^^  nimitifin  ti.  tli.^  tf'vis«if>nr*i'  nf  mu']\  iiUroecHular 
pai^vuns  was  Huebner.  who  formulated  his  conclusions  from  the  results 
of  experiments  made  with  a  number  of  microorganisms,  notably  the 
Prie<IIandcr  bacillus  and  Staphylococcus  pyogenes  aureua.  with  dead 
cultures  of  which  he  indueeil  the  fonuation  of  sterile  aljsceases  in 
animiila  and  s>'niptom.H  of  toxemia.  The  conception  of  ** endotoxins/' 
rerriveii  it^i  elearcHt  and  most  definite  expression  in  the  work  of 
Pfeiffer^  on  eholera  poison. 

Some  clarity  itf  conception,  based  on  visual  perception,  may  pos- 
sibly 1m»  gained  by  comparing  some  of  the  i»roducts  of  pathogenic 
bacteria  with  bacterial  pigments  and  with  iiuioluble  interstitial  or 
intercellular  substance,  whieii  may  l»e  seen  accomjmnyiug  l)actcria  in 
coTer-glasH  preparations.  Soluble  toxie  accretions  are  to  be  compared 
to  swich  pigments  as  the  pyoeyanin  of  Bacillus  pyocyaneus,  which 
is  mi  readily  soluhie  in  culture  media ;  endotoxins  proper,  to  pigment.s 
oonfiued  to  the  bacterial  cell,  or  at  least,  when  secreted,  being  msoluble 
in  culture  media,  such  for  instance  as  the  well-known  red  pigment 
pf  Bacillus  prodigioKiLs.  which  may  offtm  be  seen  free  among  the 
bacteria  in  irregular  red  graiuiles  like  carmine  powder.  That  bodies 
such  as  this  latter  might  be  extruded  from  pathogenic  baeteria  and 
not  l»e  soluble  iii  the  usual  culture  fluids,  is  not  improbable,  and  the 
faet  that  more  or  less  iasohiblc  interstitial  suKstances  are  not  infre- 
quent among  bacteria  is  well  known. 

In  all  bacterial  bodies,  after  rrnioval  nf  toxins  ar.d  pr|dP^"^'"S  ^ 
certain  pnttein  resiihu*  reiiuiitis  whieii.  if  injeeted  into  nnimals,  may 
^ve  riae  to  localized  lesions  such  as  abscesses  or  merely  slight  temporary 
inflammatioas:  The  nature  of  this  resi<iue  ha.s  been  carefully  studied, 
especially  by  Buchner.  who  has  named  it  bacterial  yrotnn  and  he 
believes  t)ie  substance  to  be  anproximately  the  f*«tnp  in  «11  hnpfpria^ 
without  specific  toxic  action,,  but  with  a  general  abilj^v  tp  pvprt  n 
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positive  chcmotuctic  effect  on  the  white  blood  ceils,  thereby  cai 
the  formation  of  pus.  The  nutiu-e  of  the  bucterial  proteins  ia  by 
no  ineBiis  clear,  and  it  is  still  in  doubt  whether  the  Heparation  of 
these  substane».'»  from  the  endotoxins  can  bo  upheld. 

A  number  of  bacteria  may  give  rise  to  both  varieties  of  poisons. 
Thus,  recently,  KrauH  has  claimed  the  discovery  of  a  solubU'  toxin 
for  the  cholera  spirillum  and  Doerr  for  the  dysentery  baeiilus,  both 
of  which  mieroorganisma  were  regarded  as  being  purely  of  the 
endotoxiu-produeihg  type. 

It  is  plain,  moreover,  that  occasionally  it  may  be  very  difficult 
to  distingui.sh  between  a  Holuble  toxin  and  an  endotoxin.  In  the 
ftltratiou  experiment  recorded  above,  it  might  well  be  (duimed  that 
the  toxicity  of  the  filtrate,  when  not  very  strong,  may  dcpvud  upon 
nu  extraction  of  cndotoxiny  from  the  Iwdies  of  the  bacteria  by  the 
medium.  The  final  tc?<t,  in  such  in.Htnnccs,  lies  in  the  power  of 
true  toxins  to  wtimulute  in  animals  the  produetiuu  of  aiititoxiuH; 
for,  afl  we  shall  see  later,  the  injection  ^f  true  soluble  toxins  into 
aidmals  gives  rise  to  antitoxins,  whercaa  the  formation  of  sueh* 
iieutralizing  bodies  in  the  serum  or  plasma  does  not,  it  is  claimea7i 
follow  the  injection  of  endotoxins. 

We  could  spend  much  time  in  analyzing  the  literature  on  the 
exotoxin  and  endotvtxin.  and  this,  of  course,  would  be  important 
were  we  atteMi])tin^  in  this  l>ook  to  cover  completely  imniunohigicn! 
problems.  When  all  is  said  and  done,  however,  the  present  status 
of  the  question  is  as  follows:  Certain  bacteria,  like  the  dii  '  *t 

baeiilus.  the  tetanus  bacillrts,  H.   hntuliims,  some  of  the  nn  s 

of  jurgieal  infections,  etc.,  pro<luee  seeretorv  products  during  life 
which  arc  highly  toxie.  can  be  obtained  during  the  life  of  the 
eAlTture~T)y  snnple  filtration,  and  which  incite,  in  care  fully  treated 
imimals.  Rpeeifie  neutralizing  substances,  or  antitoxins,  wliich  neu- 
tralize the  aetion_of  tlie  j^oxin.  roughly  according  to  the  law  of  mid* 
jjples-  These  antitoxins  in  the  serum,  therefore,  can  be  shown 
definitely  to  prevent  the  injury  of  the  animal  by  the  toxin. 

In  many  bacteria  such  soluble  toxins  cannot  be  demonstrated^ 
^Older  bacterial  culture  filtrates  and  the  bodies  of  th<-  bacteria  may 
U>e  highly  toxic,  as  in  the  case  of  typhoid,  cholera,  and  practicallyi 
all  the  (Jrara-nogative  organisms,  but  thi'se  toxie  substances  nTt\ 
derived  either  from  direct  extraction  of  the  bacterial  l»odies,  or,  as 
claimed  by  some,  may  represent  split  products  produced  in  the 
course  of  decomposition  or  cleavage  of  the  bacterial  protein.    Tlieso 
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neo,  c&lled  by  PfciflPcr  endotoxins,  do  not  produce  antitoxins. 

U  is  <ioubtful,  in  our  minds,  whvtluM-  they  may  be   regarded  as 
strictly  specific  in  all  cases. 

In  addition  to  thiHo  poisonous  substances,  the  writer,  with  Kutt- 
B«r  and  Parker,^  has  recently  obtained  non-specific  toxic  substances 
for  a  ^eat  many  different  bacteria  (streptococci,  typhoid  bacilli, 
influenza  baeilli,  ete. )  whieli  a|)pt*ared  in  eulturtjs  as  early  as  6  to  18 
hoEOrs.  eouid  be  obtained  by  filtration,  and  could  also  be  obtained 
hy  wat&hinf^  young  cultures  on  solid  media  with  salt  solution  and 
filtering.  These  substances  are  not  unlikely  similar  to  those  en- 
countered by  some  otliiT  writers  who  liave  interpreted  them  as  true 
exotoxins,  but,  as  far  as  we  can  determine,  they  are  neitner  specific 
MT  antJgcnie.  Nevertheless,  they  are  rcj^ilar  in  appearance,  suffi- 
«tently  potent  to  make  rabbits  very  sick,  though  rarely  to  kill  tjiem, 
and  must  be  taken  into  aceoiuit  in  all  work  iu  which  the  toxic 
tances  of  bacteria  arc  studied  by  the  usual  methods.  AVc  ean 
k  of  them,  for  w^ant  of  more  accurate  drfnution>  as  bacterial 
* VX"  suljstanees. 

In  resistance  to  chemical  action  and  heat,  the  various  poisons 
ahow    widely   divergent   properties.     As  a  general   rule,  most  true 


P 


soluble  toxins  are  delicately  thermolabile,  they  are  destroyed  by 
moderate  heating,  and  deteriorate  easily  on  standing.  Their  cbemicaf 
nature  is  by  no  uu'aiis  ek*ar,  but,  on  preeipitation  of  toxic  solutions 
with  magnesiujn  sulphate,  these  poisons  come  down  together  with 
the  globulins.  The  nature  of  the  "'endotoxins'*  is  still  less  clearly 
understood.  Most  of  them  are  far  less  liabile  than  the  extracellular 
lH>JSons.  Some  powerful  intracellular  poisons,  like  those  of  the 
Qartner  bacillus  of  meat  poisoning  and  tlie  poison  attached  to  the 
bodies  of  typhoid  bacilli  may  undergo  exposure  to  even  100°  C.  and 
still  retain  their  toxic  properties.  The  nature  of  each  individual 
poison  mil  be  disi-usscd  in  connection  with  its  microorganism. 

It  should  Ik'  remembered,  moreover,  by  those  studying  bacterial 
poisions  that  recent  investigations  have  shown  that  a  number  of 
bacteria  (coli,  influenza,  etc.)  may  produce  substances  either  identical 
with  or  closely  related  to  histamin  and  tyramin,  on  pepton  media, 
after  five  or  more  days  of  growth. 
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The  Mode  of  Action  of  Bacterial  Poiaona.— riosp  study  of  the 
toxic  prodiu-ts  ol'  various  microoryanisms  has  shown  that  many  of 
the^  bacterial  poisons  possess  a  more  or  less  definite  selective  action 
■i^^^lL^XH^'^"^  it«uiiif.u  uii.]  Mr^iii»t_  Thus,  certain  Hohil)le  tuxins  of  tlio 
tetanus  haeillus  and  Itac-iMus  hotulinus  attack  spei-ifically  the  nervous 
system.  Again,  certain  poisons  elalwratcd  by  the  stBphyl(K;occi,  tlic 
tetanus  bacillus,  the  strepttM'o^'ci,  and  other  gerniSj  the  so-called 
"hemolysins."  attarlc  primnrily  th^  rod  blood  corpuscles.  Other 
poisons  again  act  on  the  white  blood  corpuscles;  in  short,  the  char- 
acteristic aflfinity  of  specific  bacterial  poisons  for  certain  organs  is 
a  widely  recognired  fact. 

In  explanation  of  this  behavior,  much  aid  has  been  given  by  the 
researches  of  Meyer,*  Overton/  Khrlieh,"  and  ot iters  ujjou  tho  causes 
for  the  analogous  selective  behavior  of  various  narcotics  and  alka- 
loids. It  seems  probable,  from  the  researehes  nf  these  men,  tliat 
tjie  selective  action  of  poisons  depends  upon  the  ability,  chemical 
or  physical  or  both,  of  the  poisons  to  enter  into  combinat^op  with 
the  specifieally  affeeted  <m'11s.  From  the  nature  of  the  eoniI>ination.s 
formed,  it  seems  not  unlikely  that  the  physieal  fa<*tors,  such  as 
solubility  in  the  cell  plasma,  may  also  play  an  important  part. 

Observations  of  a  more  purely  bactenologieal  nature  have  tended 
to  bear  out  these  conclusions.  \Vassermapn  and  TaltflUi/  inr  in. 
Bt^TT^e,  hftvt*  yhown  that  tetanus  toxin,  which  specitii;fl]ly  flttflflcH 
the  nervous  system,  may  be  removed  ^nm  Hohitinn  hy  the  addition 
of  brain  substanee.  Removal  of  the  brain  tissue  by  ecu t rifugation 
leaves  the  solution  free  from  toxin.  In  the  same  way  it  has  been 
shown  that  hemolytic  poisons  can  he  removed  from  solutions  by 
contact  with  red  blood  cells,  but  only  when  the  red  blood  cells 
of  gusceptiblc  species  are  employed. 

Similar  ol»servations  have  bren  made  in  the  ease  of  leukocidin, 
a  Imeterial  poison  acting  upon  the  white  blood  cells  specifieally.* 'S 

That  bacterial  poisons  injected  into  susceptible  animals  rapidly 
disappear  from  the  eireulation  is  a  fact  which  bears  out  the  view 
that  a  combination  between  affected  tissue  and  toxin  must  take 


*MfytT,  Arch.  t.  oxper.  Pathol.,  1809,  1901. 
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plaee.  Donitz,*  for  instance,  has  shown  that  within  four  to  eight 
minutes  after  the  injection  of  certain  toxins,  considerable  quantities 
will  have  disappeared  from  the  circulation.  Conversely,  Metchni- 
kofT*  has  observed  that  tetanus  toxin  injected  into  insusceptible 
animals  (lizards)  may  be  detected  in  the  blood  stream  for  as  long 
as  two  months  after  administration. 

•Donitz,  Deut.  med.  Woch.,  1897. 

'* Metchnikoff,  ''L'inununiU  dans  les  malad.  infect." 


CHAPTER   XII 
DEFENSIVE  FACTOKS  OF  THE  ANIMAL  ORGANISM 


GENERAL    CONSIDERATIONS 

We  have  seen  that  the  mere  entrance  of  n  pathogenic  mieroor- 
ganLsm  into  the  human  or  animal  body  through  a  bi*eaoh  in  the  con- 
tinuity of  the  mechanical  defenses  of  skin  or  mucosa  does  not  neces- 
sarily lead  to  the  development  of  an  infection.  The  opportunities  for 
such  an  invasion  are  so  numerous,  and  the  contact  of  members  of 
the  animal  kingdom  with  the  germs  of  disease  is  so  eonstant.  that  if 
this  were  the  case,  sooner  or  later  all  would  succumb.  It  is  plain, 
therefore,  that  the  animal  body  must  possess  more  subtle  means  of 
defense,  by  virtue  of  which  pathogenic  gerd|||  are.  even  after  their 
entrance  into  the  tissues  and  fluids,  disposed  of,  or  at  least  prevented 
from  proliferating  and  elaborating  theii*  poisons.  The  power  which 
enables  the  body  to  accomplish  this  is  spoken  of  as  resistance.  When 
this  resistance,  which  in  some  degree  is  common  to  all  members  of 
the  animal  kingd^^'TIi  i^  pjappj^jpHy  piarked.  it  is  spoken  of  ^im- 
munity.'* ^^ 

From  this  it  follows  naturally  that  the  terms  resistance  and  im- 
munity, as  well  as  their  converse,  susceptibility,  are  relative  and  not 
absolute  terms.  Degrees  of  resLstance  exist,  which  are  determined 
to  a  certain  extent  by  individual,  racial,  or  species  peculiarities;  and 
persons  or  animals  are  spoken  of  as  immune  when  they  are  unaffected 
by  an  exposure  or  an  inoculation  to  which  the  normal  average  in- 
dividual of  the  same  species  would  ordinarily  succumb.  The  word 
does  not  imply,  however,  that  these  individuals  could  not  be  infected 
with  unusually  virulent  or  large  doses,  or  under  particularly  unfavor- 
able circumstances.  Thus,  birds,  while  immune  against  the  ordinary 
dangers  of  tetanus  bacilli,  may  be  killed  by  experimental  inoculations 
with  very  large  doses  of  tetanus  toxin.'    Similarlv,  Pasteur  rendered 
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naliiraliy  immune  hena  susceptible  to  anthrax  by  cooling  them  to  a 
HUbDormul  temporaturo,  and  Cnnalis  «nd  Morpurgo  did  the  same  with 
doves  by  subjecting  them  to  starvation. 

Absolute  imnuinity  is  exceedingly  rare.  The  entire  insusceptibility 
of  eold-bloodiMl  animals  (froKs  and  tiii'lU's)  under  normal  conditions 
to  inoculation  with  even  the  hirgest  doses  of  many  of  the  bacteria 
pathogenic  for  wann-bWxled  animals,  and  the  immunity  of  all  the 
lower  unirnab*  against  leprosy,  are  anmng  the  few  instances  of  absolute 
immunity  known.*  Apart  from  such  exceptional  cases,  however,  re- 
sistance, imnuinity,  and  susceptibility  must  be  regarded  as  purely 
relative  terms. 

The  power  of  resisting  any  specific  infection  may  be  the  natural 
heritage  of  a  race  or  specios,  and  is  then  spoken  of  as  nufuntl  im- 
munity. It  may,  on  the  other  hand,  he  acquired  either  accidentally 
or  artificially  by  a  member  of  an  ordinarily  susceptible  species,  and 
is  then  enllrd  ar quired  imynunttj/. 

Natural  Immtmity. — Species  Immunity. — It  is  well  known  that 
many  of  the  infectious  dweases  which  commonly  affect  man,  do  not, 
80  far  as  we  know,  occur  spontaneously  in  animals.  Thus,  infection 
with  B.  tj'phosus,  the  vibrio  of  cholera,  or  the  meningocoecus  occurs 
in  animals  only  after  experimental  inoculation.  Gonorrheal  and 
syphilitic  infection,  furthermore,  not  only  does  not  occur  spontane- 
ously, but  is  produced  experimentally  in  animals  with  the  greatest 
dii&mlty — the  consequent  diseases  being  incomparably  milder  than 
those  occurring  in  man.  Other  diseases,  like  lepn^sy.  influenza,  and 
the  exanthemata.^  have  never  l>ecn  sucessfully  trnnyT^nttf><I  ti^  a»ii>noic 

Conversely,  there  are  diseases  among  animals  which  do  not  spon- 
taneously attack  man.  Thus,  human  beings  enjoy  immunity  against 
Rinderp''.st,  and,  tu  a  lesser  degree,  against  chicken  cholera. 

Among  animal  species  themselves  great  different*es  in  susceptibility 
and  resistance  toward  the  various  infections  exist.  Often-quoted 
examples  of  this  are  the  remarkable  resistance  to  antln-ax  of  rats  and 
dogs,  and  the  immunity  of  the  common  fowl  against  tetanus. 

The  factors  which  determine  these  differences  of  susceptibility  and 
resistance  among  the  various  species  are  not  clearly  understood.  It 
has  l>een  suggested  that  diet  in  some  instances  may  influence  these 
relations,  inasmuch  as  carnivorous  animals  aiv  often  highly  resistant 


*Litharjich,  Zcit.  f.  knn.  M64j&,  xix. 
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to  glanders,  anthrax,  and  even  tuberculous  infections,  to  which  herbiv- 
onms  animak  are  markedly  susceptible^  It  in  likely,  too,  that  the 
great  differences  between  animals  of  vatious  species  in  their  metai)- 
olism.  temperature,  etc..  may  call  for  special  cultural  adaptation  on 
the  part  of  the  bacteria.  The  fact  that  the  bacillus  of  avian  tuber- 
culosis— whoso  natural  host  has  a  normal  body  temperature  of  40°  C. 
and  above — will  grow  on  culture  media  at  40  to  50"  C,  whereas  B. 
tubercokwis  of  man  can  not  be  cultivated  at  a  temperature  above 
40*  C,  would  »eem  to  lend  some  suppwrt  to  this  view.  The  difference 
between  warm-  and  cold-blooded  animals  has  already  l>een  noted.  The 
neccftuty  for  cultural  adaptation,  too,  would  scctii  to  be  borne  out 
by  the  great  enhancement  observed  in  the  virulence  of  certain  micro- 
orgaiiiNms  for  a  given  species  after  repeated  passage  through  in- 
dividuals of  this  species. 

Racial  Immunity, — Just  as  differences  in  susceptibility  and  im- 
munity exiHt  among  tin-  variiMi.s  animal  species,  so  the  separate  races 
or  varieties  within  the  same  species  may  <lisplay  differences  in  their 
reactionH  toward  pathogenic  germs.  Algerian  sheep,  for  instance, 
•bow  n  much  fiigher  resistance  to  anthrax  than  do  our  own  domestic 
sheep,  anil  the  various  races  of  mice  differ  in  their  susceptibility  to 
anthrax  and  to  glanders. 

Similar  racial  differences  are  common  among  human  beingfi.   .As 


a  gi'ueral  nile^  it  may  he  said  that  a  race  among  whom  a  certain 
disfgise  has  Ix-en  endemic  for  many  ages  is  less  Buscentible  to  this  dis- 
ease tlian  arc  other  rac<'S  among  whom  it  has  been  more  recently 
ItifrnthuH'tT  The  appalling  ravages  of  tuhercnlosis  among  negroes, 
AnH'ri>*an  Indians,  and  Kntiuimaux.  hour  striking  witness  to  this  fact. 
Conversely,  the  comparative  immunity  of  the  negro  from  yellow  fever, 
n  dini-Hw  of  the  gn^atcst  virulence  for  Caucasians,  furnishes  further 
evidence  in  favor  of  tliis  opinion.  It  must  not  W  forgotten,  however, 
in  judging  of  these  relations,  that  the  great  differences  in  the  customs 
of  pcr>*onHl  an<l  8<M'ial  hygiene  existing  among  the  various  races  may 
coiiMidrrably  aftVct  the  transmission  of  disease  and  lead  to  fab*e  eon- 
elusioiLH. 

In  so  fur  as  the  statement  made  abt)ve  is  true,  however,  it  seems 
to  indicate  tliat    the  endemic  diseases  have  carried   in  their  train  a 


c<^rlHin  degree  of  inherited  immunity. 


Hahn,  Id  Kolle  uiid  WaWMTniKtin,  vol.  iv. 
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In  other  easefi' — as  in  the  instance  of  the  malaria-iminunity  of 
ntgro^-s — tho  resiatauce  seenis  to  be  aequired  rather  than  inherited, 
for,  ns  Hirsch  was  first  to  note,  death  from  this  disease  occurred 
frequently  among  the  children,  while  adult  negroes  were  rarely 
attacked. 

Differences  in  iNWVior.Ui  RESisxANca — In  haetonologieal  ex- 
perimentation with  smaller  test  animals,  a  direct  ratio  may  often 
exist  between  body  weight  and  doHage  in  determining  the  outcome  of 
an  infection,  provided  the  mode  of  inoculation  has  been  the  same 
and  the  virulence  of  the  germ  not  excessive.  It  would  seem,  therefore^ 
that  amont^  these  a n im als  the  difference  in  resistance  in  the  face  of 
an  artificial  infection  between  individun]?*  i^f  thp  <mmp^aee  is  very 
slight 

Hi  higher  animals,  liowever,  especially  in  the  ease  of  man,  the 
existence  of  such  apparent  individual  differenct»s  is  n  well-established 
fact,  although  in  judging  of  them  we  must  not  forget  that  the  condi- 
tions of  infection  are  not  subject  to  the  uniformity  and  control  which 
animal  experimentation  permits.  Of  a  number  of  persons  exposed  to 
any  given  infection  there  are  always  some  who  are  entirely  unaffected 
and  there  are  great  variations  in  the  severity  of  the  disease  in  those 
who  are  attacked.  In  the  absence  of  positive  evidence  in  support  of 
the  direct  inheritance  of  this  individual  immunity,  the  most  reasonable 
explanation  for  such  differences  in  resistance  seems  to  lie  in  attributing 
them  to  indiviilual  variutions  in  metabolism  or  liody  chemistry.  De- 
pressions, for  instance,  in  the  acidity  of  the  gastric  secretion  would 
predispose  to  certain  infections  of  gastro-intestinal  origin.  Anatomical 
differences,  too,  may  possibly  ijifluenee  resistance.  Thius,  Birch-Hirsch- 
feld  believed  that  certain  anomalons  arrangements  of  the  bronchial 
tubes  predisjiosed  to  tulK-rculosis. 

Instances  of  transient  susceptibility  induced  by  physical  or  mental 
overwork,  starvation,  etc.,  should  hardly  be  classified  under  this  head- 
ing, since  the  conditions  in  such  cas<^  correspond  simply  to  experi- 
mental depression  of  natural  sjKeies  for  race  resistance. 

Acquired  Immunity. — It  is  a  matter  of  common  experience  that 
many  of  the  infectious  diseases  occur  but  once  in  the  same  individual. 
This  is  notably  the  case  with  typhoid  fever,  yellow  fever,  and  most 
of  the  exanthemata,  and  is  too  general  an  observation  to  require  exten- 
sive illustration.    A  single  attack  of  any  of  the  diseases  of  this  class 


■JfaAw,  in  Kolle  und  Waflsermiuin,  loc  eit. 
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Biitrn  in  (wme  way  the  rfflistaiice  of  the  individual  so  that  further 
ncfKMNirc  to  th^  lulcctive  agout  is  usually  without  menace,  either  for 
ft  liwtud  period  aftirr  tht*  attack,  or  for  life.  Resistance  acquired  ii\ 
Ibk  way  in  ofl<m  spoken  of  as  acquired  imwunifu 

Tlw  prot4!Ction  ronfcrrcd  by  certain  diseases  against  further  attack 
Vfta  rvMigniMd  nuiny  centuries  ago,  and  there  are  records  which  show 
thai  afUintpU  wert*  tnade  in  ancient  China  and  India  to  inoculate 
b^flJlhy  indivUlunlK  with  pUH  from  small-pox  pustules  in  the  hope 
of  pr'xIu'finK  hy  tluH  pro<'CHM  a  mild  form  of  the  disease  and  its 
mmmqatni  immunity. 

PMtear.  l)eforc  all  others,  thoujyht  philosnphically  about  the 
phenomena  of  acquired  immunity,  and.  with  ad^njuate  knowledge, 
railiz/'d  the  i>o«.sibility  of  artificially  l>estowing  immunity  without 
ififlirtiiig  thi»  ilHti^rTH  of  the  fully  fmtent  infective  agent.  The  first 
obwTVBtiofi  which,  made  by  him,  purely  accidentally,  inspired  the 
bop«  at  the  achievement  of  such  a  result,  occurred  daring  his  experi- 
BurnlK  with  rhicken  cholera.  The  failure  of  animals  to  die  after  inocula- 
tion with  an  nld  culture  of  the  bacilli  of  chicken  cholera,  fully  potent 
Irtjt  a  firw  weeks  previously,  pointed  to  the  attenuation  of  these  bacilli 
by  Iht-ir  prolonged  cultivntifm  without  transplantation.  "With  this 
otuM-rvution  as  a  [>oint  of  dcpurturc  be  carried  out  a  seri&s  of  investiga- 
tion*! with  tRe  purpose  of  diH<*overing  a  method  of  so  weakening  op 
attennatinfiC  various  incitants  of  disease  that  they  could  be  introduced 
into  miw^eptible  individuals  without  endangering  life  and  yet  without 
lofliitig  their  property  of  conferring  protection.  The  brilliant  results 
Bchiovt^d  by  Jenncr.  many  years  before,  in  protecting  against  smallpox 
by  inoculating  with  the  entirely  innocuous  prmlucts  of  the  pustules 
of  cowpox  funiished  an  analogy  which  gave  much  encouraging  support 
lo  this  prospect. 

The  experimental  work  which  Pauteur  carried  out  to  solve  this 
problem  not  only  reaped  a  rich  harvest  of  facts,  but  gave  to  science 
the  flmt  atxl  brilliant  exaini>)es  of  the  application  of  exact  laboratory 
methoda  to  problems  of  immunity. 

ACTH'^E    TM^ITNITY 

Active  Artificial  Immunity. — The  process  of  conferring  protec- 
tion by  treatment  with  either  an  attenuate<l  form  or  a  sublethal  quan- 
jTtv  uf  the  infectious  ajgent  of  a  discascT^  its  products,  is  spoken  or 
as  "active  immunization." 
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Whatever  the  method  employed,  the  immunized  individuals  gain 
their  power  of  resislanec  l>v  tlu'  unaided  reactions  ot  their  own  tLs8u*^\ 
They  themselves  take  an  active  physiologieal  part  in  the  acquisition 
of  this  new  property  of  immunity.  For  tliis  reason,  Ehrlich  haa  aptly 
termed  these  processes  ** active  immunization.'* 

There  are  varioim  methods  hy  which  this  can  he  accomplished,  all 
of  which  were,  in  actual  application  or  in  principle,  discovered  hy 
Pasteur  and  his  associates,  and  can  be  best  reviewed  by  a  study  of 
their  work. 

Active  iMMtrxigATioy  with  Attkxuated  ^7^?^T'^^^ — In  the 
course  of  his  experiments  upon  chicken  cholera,  as  mentioned  above, 
Pasteur*  accidentally  discovered  that  the  virulence  of  the  bacilli  of 
this  disease  was  greatly  reduced  by  prolonged  cultivation  upon  ai'tifi- 
cial  media.  This  was  especially  noticeable  in  broth  cultures  which 
had  been  stored  for  long  periods  without  transplantation.  By  repeated 
injections  of  such  cultures  into  fowl,  he  succeeded  in  rendering  the 
animals  immune  against  subs**quent  inoculations  with  lethal  doses  of 
fully  vindent  strains. 

During  the  same  year,  1880,  in  which  Pasteur  published  his  ob- 
servations on  chicken  cholera.  Toussaint'  succwded  in  immunizing 
sheep  again.st  anthrax  by  inoculating  them  with  blood  from  infected 
animals.  defil)rinated  and  heated  to  55°  C.  for  ten  minutes.  Toussaint 
wrongly  believed,  however,  that  the  blood  which  had  been  used  in 
his  immunizations  was  free  from  living  bacteria.  In  repeating  this 
work  Pasteur  showed  that  the  protection  in  Toussaint's  cases  was 
conferred  by  living  bacteria,  the  virulence  of  which  had  been  reduced 
by  their  subjection  to  heat. 

In  following  out  the  sugge.stions  offered  by  these  experiments, 
Pasteur*  discovered  thnt  he  could  rednce  the  \nrulence  of  anthrax 
bacilli  much  more  reliably  than  by  Tous.saint's  method,  by  cultivating 
the  organisms  at  increased  temperatures  (42°  to  43**  C).  By  this 
process  of  attenuation  he  was  able  to  produce  *'vaccines"  of  roughly 
measurable  strength,  with  which  he  succeeded  in  immunizing  sheep 
and  cattle.  A  successful  demonstration  of  his  discovery  was  made 
by  him  at  Pouilly-le-Fort.  .soon  after,  upon  a  large  number  of  animals 
rAnd  before  a  commission  of  profeasional  men. 


•Pasleur,  Compt.  reml.  de  Pftcad.  ile«  eel.,  1880,  t.  xe. 

'  Tou.^$aint,  Compt.  rend,  dc  I'aca<l.  dee  »ci.,  1880,  t.  xci. 

*  Pasteur,  Chamberlnnd  ot  Roiu,  Compt.  rend,  de  I'ftcad.  des  Bci.,  1881,  t.  xeil. 


jiUjsi I i vc  chcm olaoticj^flVet  on  the  wliiU'  hlood  colls,  tliorcby  oauqing 
the  fornuition  ol'  yxis.  Tin-  nature  uf  iIk*  Luclcrial  proteins  is  by 
no  moans  clear,  and  it  is  still  in  doubt  whether  tJie  acparation  of 
the«e  sukslanei's  from  the  emlotoxins  can  be  upheld. 

A  number  of  bacteria  may  give  rise  to  both  varieties  of  poisons. 
Thiu»  recently,  Kraus  has  claimed  the  diseovcry  of  n  8(»luble  toxin 
for  the  cholera  spirillum  and  Doerr  for  the  dysentery  baeillua,  both 
of  which  microorganisms  were  regarded  aa  being  purely  of  the 
endotoxiu-produeing  type. 

It  is  plain,  moreover,  that  occasionally  it  may  he  very  difHeult 
to  ilifltiiiguinh  between  a  soluble  toxin  and  an  endotoxin.  In  the 
filtration  exprrimfiit  reeordetl  above,  it  miglil  well  be  claimed  that 
the  toxicity  of  the  filtrate,  when  not  very  strong,  may  depend  upon 
an  extraction  of  endotoxins  from  the  bodies  of  the  bacteria  by  the 
medium.  The  final  test,  in  Mueh  instanecN.  licM  in  the  T>ower  of 
true  toxins  to  stjniuhite  in  animals  the  production  of  antitoxins; 
for,  as  we  shall  see  later,  the  injeetioii  of  true  sDliiblc  toxins  intji 
animals  gives  rise  to  antitoxins,  whereas  the  formation  of  atich 
neutralizing  bodies  In  the  Bcrum  or  plasma  does  not,  it  is  elaime J 
follow  the  injection  of  endotoxins^ 

We  could  spend  mueh  time  in  analyzing  the  literature  on  the 
exotoxin  and  endotoxin,  and  this,  of  course,  would  be  important 
were  wo  attempting  in  tliis  book  to  cover  completely  immunological 
problems.  When  all  is  said  and  done,  however,  the  present  status 
of  the  queation  is  as  follows:  (Vrtain  bacteria,  like  the  diphtheria 
baeillu-s,  the  ti'tuintM  ba<'ilb1s^  B.  bottilijiusj  some  of  the  anaerobes 
of  surgical  iul'eetions,  etc..  produce  seerctorv  products  during  life 
which  are  highly  toxic,  can  be  obtained  during  the  life  of  the 
culture  by  slmiile  filtration,  and  which  incite,  in  carefully  treated 
ajiimala,  specific  neutralizing  snltstanecH,  or  antitoxins,  which  neu- 
tralize the  action  o^  the  toxin,  roughly  aecor<ling  to  tht*  law  of  mid- 
U^lia..    These   antitoxina  in   the   scrum,   t  can   be  shown 

definitely  to  prevent  the  injur>^  of  the  anJnun  hn  i  in-  toxin. 

In  many  bacteria  such  soluble  toxins  cannot  be  dmonstrated. 
Older  bacterial  culture  filtrates  and  the  bodies  of  the  bacteria  may 
be  highly  toxic,  as  in  the  case  of  irphoid.  cholera,  and  practically 
all  the  (iram-negative  organisms,  but  these  toxic  sulwtances  are 
derived  either  from  tliroct  extraction  of  the  liaeterial  Iwdiea,  or.  as 
claimed  by  some,  may  represent  split  products  pioduecd  in  the 
courae  of  decomposition  or  cleavage  of  the  bacterial  protein.    These 
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8u1>Htance8,  called  by  Pfeiffer  endotoxins,  do  not  produce  antitoxins. 
It  18  doubtful,  in  our  minds,  wliether  they  may  be  regarded  as 
strictly  specific  in  all  cases. 

In  addition  to  these  poisonous  substances,  the  writer,  with  Kutt- 
ner  and  Parker,'  has  recently  obtained  non-specific  toxic  substances 
for  u  grrrul  mai»y  different  bacteria  (streptococci,  typhoid  bacilli, 
influenza  badlli,  ete.J  whieli  appfared  in  cultures  as  early  as  6  to  18 
hours,  could  be  obtained  by  filtration,  and  could  also  be  obtained 
by  wajihinK  young  cultures  on  solid  media  with  salt  solution  and 
filtering.  These  substances  are  not  unlikely  similar  to  those  en- 
£onntt'red  hy  some  other  writers  who  have  interpreted  tliem  as  true 
exotoxins,  but,  as  far  as  we  can  determine,  tticy  are  neither  s})e<'ifie 
nor  antigenje.  Nevertheless,  they  are  regular  in  appcaranee,  suffi- 
ciently potent  to  make  rabbits  very  sick,  though  rarely  to  kill  them, 
and  must  be  taken  into  account  in  all  work  iji  which  the  toxic 
substances  of  baeleria  are  studied  by  the  usual  methoihi.  We  can 
wyv^flW  f>f  them,  for  want  of  more  accurate  detinition.  as  bacterial 
* *_X^*  substances. 

In  resistance  to  chemical  action  and  heat,  tlie  vaM<iti>  poisons 
show  widely  divergent  properties.     As  a  general  rule,  most   true 


►luble  toxins  are  delicately  thcrmolabile,  they  are  destroyed  by 
[crate  heatiny,  antl  deteriorate  easily  on  standing.  Their  chemicar 
nature  is  by  no  nuans  clear,  but,  on  preeipitation  of  toxic  solutions 
witli  magnesium  sulphate,  these  poisons  come  down  together  with 
the  globulins.  The  nature  of  the  "endotoxins''  is  still  less  olearly 
und<'rstood.  Most  of  them  are  far  less  liabilo  than  the  extraeelluJar 
poisons.  Some  powerful  intracellular  poisons,  like  those  of  the 
Gartner  baeilluN  of  meat  poisoning  and  the  pwison  attached  to  the 
bodies  of  typhoid  bacilli  may  undergo  exposure  to  even  100°  C.  and 
atill  retain  their  toxic  properties.  The  nature  of  each  individual 
poison  will  be  discussed  in  coiuiertion  with  its  mieroorganism. 

It  should  be  remembered,  moreover,  by  those  studying  bacterial 
|>oLscina  that  recent  investigations  have  shown  that  a  number  of 
l>actoria  (coli,  influenza,  etc.)  may  prodiiet' substances  either  identical 
with  or  closely  related  to  histamin  and  tyramin,  on  pepton  media, 
after  five  or  more  days  of  growth. 


•Xins^trr,  Porker  and  KuUn^r,  Tranaaot.  Soc  for  Exp.  Biol,  axul  Uod.,^  Ju^ 
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Hie  Mode  of  Action  of  Bacterial  Poigona.— rioso  Rtuilv  of  the 
toxit*  produt'tB  of  varioUB  tnicroorKaiiisiiiH  has  hIioavi i  that  many  o £ 
thrj^aottfrial  Doisons  uosst  ss  a  movo  or  lossdefinit'-  '  i.-'^  t  -ft  jog 
ijjffrii  fijiprinl  t'*^"'"^-^  ^'"^  ^^^if^fmu     TIiuh,  rcTiaih  solin  _  \\u* 

i <'tanus  haoillnH  and  Haeillns  [hiIuIjuum  attack  Kpocilicaliy  the  nervoua 

sVKtcm.      '      '  *  ;  Vil>orato<M'     •'       '      '     '  ':   '' ^ 

»'■,     —  , 

fetamis^K         ^  _  ,   and  ot.        ^^ ^  ^^ ^1 

i  I  molysins?'  attp*'l<  |fr""»'''*Y  t^r  '"^"d  blood  cornuHcleK.  (Hlicr 
poisons  again  act  on  tbc  wliitt*  blood  corpusolpB;  in  short,  the  cliar* 
nottristif^  affinity  of  specific  bactorial  poisons  for  cortnin  or^wnM  is 
a  widely  rcpoifrnizud  fact. 

In  explanation  of  this  bebnvior,  much  nid  hns  ht-vu  jfivon  by  tlia 
researches  of  Meyer,*  Overton,'*  Klirlidi,"  .'ind  otiirrs  upon  tlic  caiiHcu 
for  the  analogouH  Meloctive  behavior  of  variouR  narcoticH  and  alka- 
loids. It  scoma  probable,  front  the  resoarchcH  of  thts  '■  '■ 
the  Holcctive  nction  of  poiHons  <tependB  tipon  ihi'  nbili;^-.  i.  a..- -A 
or  physical  or  both,  of  the  poisonM  to  enter  into  comM^'^tl*^"  ^'''^ 
tbr  Mpe(Mficallyafferte<l  erils.  From  the  nature  of  the  conil>inntiona 
formed,  it  secma  not  unlikely  that  th*'  i)hyfiieal  factors,  Ruch  aS 
solubility  hi  the  cell  plaama.  may  also  play  an  important  part. 

Dbservations  of  a  more  purely  baeti'riolojricnl  nature  have  tciided 
to  hear  ani  thesi.'  conclusions.  Wassermami  iin<l  Tnkulri7  fnr  in- 
Htanyg,  havt.^  h|\owd  thnl  tetanus  toxin,  wliiob  sncc^fl^ally  nttn/^Wa 
the  ncrvouB  syBtem.  may  ho  removed  frog^  ^"'"t^nn  t>y  the  adclitior^^ 
of  brain  substance.  Removal  of  the  brain  tissue  by  rcntrifugation 
leavcH  the  solution  free  from  toxin.  In  the  same  way  it  has  lM*cn 
ahown  that  hemolytic  poisons  can  be  removed  fiom  solutions  by 
contact  with  red  blond  ci'lls,  but  only  when  the  red  blood  eella 
of  susceptible  specieK  are  vT"ph'YP^' 

Similar  observations  have  been  made  in  the  case  of  lenkocidin, 
a  hacterinl  poison  aetinpr  upon  the  white  blood  cells  specifieally." 

That  baeterial  poisons  injected  into  susceptible  animals  rapidly 
disappear  from  the  eirculation  is  a  fact  which  bears  out  the  view 
that  a  combination  between  affected  tissue  and  toxin  mxiat  take 


•Afffyer,  Affh.  f.  exper.  Pathol.,  1890,  1901, 

•Overton,  •'StuiJicn  Hb.  «1.  Narkm*,'*  Jmn,  1901. 

*Sfirfu'h.  "Rnurrntoffs-ncfiiirfiiit**!  tien  OrjianiBmiW,"  Berlin,  1885. 

*  Wasnermann  und   Tahaki.  Uprl.  kiln.  Wftch.,  1808. 

•Saeha,  Ilof mriBter *b  Boitriige,  II,  1902. 
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place.  Donitz,®  for  instance,  has  shown  that  within  four  to  eight 
minutes  after  the  injection  of  certain  toxins,  considerable  quantities 
will  have  disappeared  from  the  circulation.  Conversely,  Metchni- 
kofr°  has  observed  that  tetanus  toxin  injected  into  insusceptible 
animals  (lizards)  may  be  detected  in  the  blood  stream  for  as  long 
as  two  months  after  administration. 


*D6nit2f  Deut.  med.  Woch.,  1897. 

^'^Mctcknikoff,  '*L 'immunity  dans  lea  malad.  infect." 


CHAPTER  XII 

DEFENSIVE  FACTORS  OF  THE  ANIMAL  ORGANISM 

QENEBAL   OONSIDEBATIONS 

We  have  seen  that  the  mere  entrance  of  a  pathogenic  microor- 
ganism into  the  human  or  animal  body  through  a  breach  in  the  con- 
tinuity of  the  mechanical  defenses  of  skin  or  mucosa  does  not  neces- 
wrily  lead  to  the  development  of  an  infection.  The  opportunities  for 
such  an  invasion  are  so  numerous,  and  the  contact  of  members  of 
the  animal  kingdom  with  the  germs  of  disease  is  so  constant,  that  if 
this  were  the  case,  sooner  or  later  all  would  succumb.  It  is  plain, 
therefore,  that  the  animal  body  must  possess  more  subtle  means  of 
defense,  by  virtue  of  which  pathogenic  ger^  are,  even  after  their 
entrance  into  the  tissues  and  fluids,  disposed  of,  or  at  least  prevented 
from  proliferating  and  elaborating  theii*  poisons.  The  power  which 
enables  the  body  to  accomplish  this  is  spoken  of  as  resistance.  When 
this  resistance,  which  in  some  degree  is  common  to  all  members  of 
the  animal  kingd"nii  ^^  '^P^Mft^^Y  marked,  it  is  spoken  of  ^a  ''im- 
munity." llfk 

Prom  this  it  follows  naturally  that  the  terms  resistance  and  im- 
munity, as  well  as  their  converse,  susceptibility,  are  relative  and  not 
absolute  terms.  Degrees  of  resistance  exist,  which  are  determined 
to  a  certain  extent  by  individual,  racial,  or  species  peculiarities ;  and 
persons  or  animals  are  spoken  of  as  immune  when  they  are  unaffected 
by  an  exposure  or  an  inoculation  to  which  the  normal  average  in- 
dividual of  the  same  species  would  ordinarily  succumb.  The  word 
does  not  imply,  however,  that  these  individuals  could  not  be  infected 
with  unusually  virulent  or  large  doses,  or  under  particularly  unfavor- 
able circumstances.  Thus,  birds,  while  immune  against  the  ordinary 
dangers  of  tetanus  bacilli,  may  be  killed  by  experimental  inoculations 
with  very  large  doses  of  tetanus  toxin.*    Similarly,  Pasteur  rendered 


*  Quoted  from  Abel,  Kolle  und  Wassormann,  "Handbuch,"  etc. 
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naturally  immune  hens  susceptible  to  anthrax  by  cooling  them  to  a 
subuormul  temperature,  and  Canalis  and  Morpurgo  did  the  same  with 
doves  by  .snbjoctiiig  them  to  starvation. 

Absolute  immunity  is  exceedingly  rare.  The  entire  insusceptibility 
(if  coUi-blof^ded  animals  (l'ro»rs  and  turtles)  \inder  normal  conditions 
to  inoculation  with  nven  the  largoKt  doses  of  many  of  the  bacteria 
pathoffcnie  for  warm-blo«<lod  animjils,  and  the  immunity  of  oil  the 
lower  HniiiiaLs  against  lepixwy,  are  among  the  few  instances  of  absolute 
immunity  known."  Apart  from  such  exceptional  cnsew,  however,  re- 
Rislancp,  immunity,  and  susee])tibility  must  be  regarded  as  purely 
relative  terms. 

The  power  of  resisting  any  specific  infection  may  be  the  natural 
heritage  of  a  raee  or  species,  and  is  then  spoken  of  as  natural  tm- 
in  unify.  It  may,  on  the  other  hand,  he  acquired  either  aceideiitally 
or  artitieially  by  a  member  of  an  ordinarily  susceptible  species,  and 
is  then  called  acqu ired  im m u n ity. 

Natural  Immunity. — Spkuiks  Immunity. — It  is  well  known  that 
many  of  the  infectious  diseases  which  commonly  aifect  man.  do  not, 
80  far  as  we  know,  occur  spontaneously  in  animals.  Thas,  infection 
with  B.  typhosus,  the  vibrio  of  cholera,  or  the  meningococcus  occurs 
in  animals  only  after  experimental  inoculation.  Gonorrheal  and 
«y])hilitic  infection,  furthermore,  not  only  does  not  ocenr  Hpimtnne- 
ously.  but  is  produced  experimentally  in  animals  with  the  greatest 
difficulty — ^the  consequent  diseases  being  incomparably  milder  than 
those  oeeurriiijr  in  man.  Other  diseas<>s,  lik^^  lepntsy,  influenzal,  and 
tjie  exanthemata,^  have  never  been  suoessfully  trnnKniittt-i  t.i  nr^^Minia 

Conversely;  there  are  diseases  among  animals  which  do  not  spon- 
taneously attack  man.  Thu.^,  human  beings  enjoy  imnninity  against 
RindcTTx^st,  ain\,  to  a  lesser  degree,  against  chicken  cholera. 

Among  aninml  species  themnelvex  great  differences  in  susceptibility 
and  rcsi.stance  towanl  the  various  infections  exist.  Often-quoted 
examples  of  tliis  arc  the  renmrkahb^  resistance  to  anthrax  of  rats  and 
dogs,  and  the  immunity  of  the  common  fowl  against  tetanus. 

The  factors  which  determine  these  differences  of  susceptibility  and 
Ksistauce  among  the  various  species  are  not  clearly  understood.  It 
hiw  been  suggested  that  diet  in  some  instances  may  influence  these 
relations,  inasmuch  as  carnivorous  animala  are  often  highly  resistant 


*  LubarAch,  Zcit.  f.  knn.  Me^z.,  xlz. 
*Witli  the  possible  rxccptinn  r>f  <tmnllpox. 


242 


NKKCTION  AN!)   IMMUNITY 


to  glanders,  anthrax,  and  even  tuberculous  infectious,  to  which  herbiv- 
orous animaLa  are  markedly  susceptible.^  it  is  likely,  t(K>,  that  the 
great  difTerences  between  animals  of  various  spetucs  in  their  metab- 
olism, temperature,  etc.,  may  call  for  special  cultural  adaptation  on 
the  part  of  the  bacteria.  The  fact  that  the  bacillas  of  avian  tuber- 
culosis— whose  natural  host  has  a  normal  body  temperature  of  40°  C. 
and  above — will  grow  on  culture  media  at  40  to  50°  C,  whereas  B. 
tuberculosis  of  man  can  not  be  cultivated  at  a  temperature  above 
40°  v.,  would  seem  to  lend  some  support  to  this  viow.  The  difference 
between  warm-  and  cold-blooded  animals  has  already  been  noted.  The 
necessity  for  cultural  adaptation,  too,  would  seem  to  Im?  borne  out 
by  the  great  enhancement  observed  in  the  viruleuoii  of  certain  micro- 
organisms for  a  given  species  after  repeated  passage  through  in- 
dividuals of  this  species. 

Racial  Immunity. — Just  &s  differences  in  susceptibility  and  im- 
munity exist  among  the  various  animal  species,  so  the  separate  raees 
or  varieties  within  the  same  species  may  display  differences  in  their 
reactions  toward  pathogenic  germs.  Algerian  sheep,  for  instance, 
show  a  much  higher  resistance  to  anthrax  than  do  our  own  domestic 
sheep,  and  the  various  races  of  mice  differ  in  their  susceptibility  to 
anthrax  and  to  glaiulers. 

Similar  racial  differences  are  common  among  human  beings.   ,As 


a  general  rule,  it  may  be  said  that  a  race  among  whom  a  certain 
disease  has  been  endemic  for  nmny  ages  is  less  susceptible  to  this  dis- 
ease  than  are  other  races  among  whom  it  hus  been  more  recently 
jntroduppfL  The  appalling  ravage??  of  tuberculosis  amon g^neglroiM!, 
American  IndiauN,  niul  EMquintaux,  bi'iif  strikiiif^  witness  to  this  fact. 
Conversely,  the  conipumtivt?  immunity  of  the  negro  from  yellow  fever, 
A  dispflse  of  the  greatest  vinilent'*?  for  ('aut'ssians,  furnishes  further 
evidence  m  favor  of  this  opiiiiuiu  It  must  not  be  forgotten,  however, 
in  judging  of  these  r^'-Iationi*,  thfl(  the  grcjit  diffcreneos  in  the  eustoms 
of  iR-rsoiial  uiid  hoinhI  hygient*  cxLHtiiig  nmnng  the  various  raees  may 
coiisiihrubly  wff^^t  the  transmission  of  disease  and  lead  to  false  con- 
diisions. 

In  no  far  as  ihn  statomeTtt  made  above  is  true^  however^  it  seems 
to  indieate  tlmt  the  endemic  afcWiWgliava  CBrned~in  t^eir  train  a 
ecitllln  dofprty  of  iplieriiBd  immonitj. 


WMMtf^miKmu,  vol.  iv. 
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In  nlhcr  cases'* — as  iu  the  instance  of  the  malaria-immunity  of 
licgri»*s — tho  rosiHtaiKT  secinJf  to  be  acquired  rather  than  inherited, 
for,  as  Hirsch  was  first  to  note,  death  from  this  disease  occurred 
freqneutly  among  the  ehildren,  while  adult  negroes  were  rarely 
attacked. 

DlPFKRENCKS  IN  INDIVIDUAL  RESISTANCE. — In  Imeteriologica!  ix- 
periinrnTation  witli  sinaHor  test  aniniHls,  a  direct  ratio  may  often 
cxisi  Mwt*cn  Iwdy  weight  and  dosage  iu  dolcrmining  the  outcome  of 
an  infection,  provided  the  mode  of  inoculation  haa  been  the  aame 
and  tho  virulence  i>f  the  germ  not  excesNive.  It  wouhl  seem,  therefore^ 
that  anionp  these  ani  m  a  Is  the  difference  in  resistance  in  the  face  of 
an  artificial  infection  between  individnnl'^  f>t^  M'^  ^^^'ne^race  is  very 
sTTiht 


I 


n  higher  animals,  however,  especially  in  the  case  of  man,  the 
existence  of  such  appareut  individual  differences  is  a  well-established 
fact,  although  in  judging  of  them  we  must  not  forget  that  the  condi- 
tions of  infection  arc  not  subject  to  the  uniformity  and  control  which 
Animal  experimtMitation  permits.  Of  a  number  of  persons  exposed  to 
any  given  infection  there  are  always  some  who  are  entirely  unaffected 
and  there  are  great  variations  in  the  severity  of  the  disease  in  those 
who  arc  attacked.  In  the  absence  of  positive  evidence  in  support  of 
the  direct  inhcrilrtnce  of  this  individual  imniunily,  the  most  rensniiable 
explanation  for  such  differences  in  n.»si8tanee  seems  to  lie  in  attributing 
them  to  individual  variations  in  metabolism  or  body  chemistry.  De- 
pressions, for  instance,  in  the  acidity  of  the  gastric  secretion  would 
predispose  to  certain  infections  of  gastro-intestinal  origin.  Anatomical 
differences,  too.  may  possibly  influence  resistance,  ThiLs,  Biroh-IIii'sch- 
feld  believed  that  certain  anomnhuis  arrangements  of  the  hroncbial 
tubes  predisposed  to  tuberculosis. 

Instances  of  transient  susceptibility  induced  by  physical  or  mental 
overwork,  stai'vation,  etc.,  should  hardly  be  classified  under  this  head- 
ing, since  the  conditions  in  such  cases  correspond  .Mmply  to  experi- 
mental depression  of  iintural  speei<«*  for  race  resistance. 

Acquired  Immunity. — It  is  a  matter  of  common  experience  that 
nian3'  t>f  the  infectious  diseases  occur  but  once  in  the  same  individual. 
This  is  notably  the  case  with  tyj>hoid  fever,  yellow  fever,  and  most 
of  the  exanthemata,  and  is  too  general  an  obsei'vation  to  require  cxten^ 
wive  illnstration.    A  single  attack  of  any  of  the  diseases  of  this  class 


•  Hahn,  in  Kollo  nnti  Wnmrnimtin,  loc,  oil. 
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alters  in  some  way  the  resistance  of  the  individual  so  that  fnrther 
exposure  to  the  infective  agent  is  usually  without  menace^  either  for 
a  limited  period  after  the  attack,  or  for  life.  Resistance  acquiiied  in 
this  way  is  often  spoken  of  as  tw.guirfi.^  immunity 

The  protection  conferred  by  certain  diseases  against  further  attack 
was  recognized  many  centuries  ago,  and  there  are  records  which  show 
that  attempts  were  made  in  ancient  China  and  India  to  inoculate 
healthy  individuals  with  pus  from  small-}>ox  pustules  in  the  hope 
of  producing  by  this  process  a  mild  form  of  the  disease  and  its 
consequent  immunity. 

Pasteur,  before  all  others,  thought  philosophically  about  the 
phenomena  of  acquired  immunity,  and,  with  adequate  knowledge, 
realized  the  possibility  of  artificially  bestowing  immunity  without 
inflicting  the  dangers  of  the  fully  potent  infective  agent.  The  first 
observation  which,  made  by  him,  purely  accidentally,  inspired  the 
hope  of  the  achievement  of  such  a  result,  occurred  during  his  experi- 
ments with  chicken  cholera.  The  failure  of  animals  to  die  after  inocula- 
tion with  an  old  culture  of  the  bacilli  of  chicken  cholera,  fully  potent 
but  a  few  weeks  previously,  pointed  to  the  attenuation  of  these  bacilli 
by  their  prolonged  cultivation  without  transplantation.  With  this 
observation  as  a  point  of  departure  he  carried  out  a  series  of  investiga- 
tions with  tHe  purpose  of  discovering  a  method  of  so  weakening  or 
attenuating  various  incitants  of  disease  that  they  could  be  introduced 
into  susceptible  individuals  without  endangering  life  and  yet  without 
losing  their  property  of  conferring  protection.  The  brilliant  results 
achieved  by  Jenner,  many  years  before,  in  protecting  against  smallpox 
by  inoculating  with  the  entirely  innocuous  products  of  the  pustules 
of  cowpox  furnished  an  analogy  which  gave  much  encouraging  support 
to  this  prospect. 

The  experimental  work  which  Pawteur  carried  out  to  solve  this 
problem  not  only  reaped  a  Hch  harvest  of  facts,  but  gave  to  science 
the  first  and  brilliant  examples  of  the  application  of  exact  laboratory 
methods  to  problems  of  immunity. 

ACTIVE  IMMUNITY 

Active  Artiflclal  Immunity — The  process  of  conferring  protec- 
tion by  treatment  witfa  either  an  attenuated  form  or  a  sublethal  guan- 
fitv  of  the  infectious  a^ent  of  a  disease,  or  its  products,  is  spoken  of 
as  ** active  immunization." 
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Whatever  the  method  employed,  the  imnmnked  individuals  gain 
their*power  of  resistance  bv  the  unaided  reactions  of  their  own  tissnea. 
They  themselves  take  an  active  physiological  part  in  the  acquisition 
of  this  new  property  of  immunity.  For  this  reason,  Ebrlich  has  aptly 
termed  these  processes  "active  immunization.*' 

There  are  various  methods  by  which  this  can  be  accomplished,  all 
of  which  were,  in  actual  application  or  in  principle,  discovered  by 
Pasteur  and  his  associates,  and  can  be  best  reviewed  by  a  study  of 
their  work. 

Active  Immuniratiok  with  Attenu>t'^  (^^ft/rintTift — In  the 
course  of  his  experiments  upon  chicken  cholera,  as  mentioned  above, 
Pasteur*  accidentally  discovered  that  the  virulence  of  the  bacilli  of 
this  disease  was  greatly  reduced  by  prolonged  cultivation  upon  artifi- 
cial media.  This  was  especially  noticeable  in  broth  cultures  which 
had  been  stored  for  long  periods  without  transplantation.  By  repeated 
injections  of  such  cultures  into  fowl,  he  succeeded  in  rendering  the 
animals  immune  against  subsequent  inoculations  with  lethal  doses  of 
fully  virulent  strains. 

During  the  same  year,  1880,  in  which  Pasteur  published  his  ob- 
servations on  chicken  cholera,  Toussaint^  succeeded  in  immunizing 
sheep  against  anthrax  by  inoculating  them  with  blood  from  infected 
animals,  defibrinated  and  heated  to  55°  C.  for  ten  minutes.  Toussaint 
wrongly  believed,  however,  that  the  blood  which  had  been  used  in 
his  immunizations  was  free  from  living  bacteria.  In  repeating  this 
work  Pasteur  showed  that  the  protection  in  Touasaint's  cases  was 
conferred  by  living  bacteria,  the  virulence  of  which  had  been  reduced 
by  their  subjection  to  heat. 

In  following  out  the  suggestions  offered  by  these  experiments, 
Pasteur*  discovered  that  he  could  reduce  the  virulence  of  anthrax 
bacilli  much  more  reliably  than  by  Toussaint 's  method,  by  cultivating 
the  organisms  at  increased  temperatures  (42*  to  43*  C).  By  this 
process  of  attenuation  he  was  able  to  produce  "vaccines"  of  roughly 
measurable  strength,  with  which  he  succeeded  in  immunizing  sheep 
and  cattle.  A  successful  demonstration  of  his  discovery  was  made 
by  him  at  Pouilly-le-Port,  soon  after,  upon  a  large  number  of  animals 
and  before  a  commission  of  professional  men. 


•Pasteur,  Compt.  rend,  de  I'tcad.  des  sci.,  1880,  t.  xe. 

'Toiwain*,  Compt.  rend,  de  I'acad.  deft  »ci.,  1880,  t.  xci. 

*  Pasteur,  ChamberUtnd  et  Bmx,  Compt.  rend,  de  Tacad.  des  Bci.,  1881,  t.  xciL 
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It  ifl  a  fact  well  known  to  bacteriologists  that  certain  of  the  patho- 
genic microorganisms,  when  passed  through  several  individuals  of 
the  same  animal  species,  bec^niP  gra^fiftHv  mnre  virulent  for  this 
species.  In  his  studies  on  the  bacillus  of  hog  cholera,  Pasteur*  ob- 
served that  when  this  microorganism  was  passed  through  the  bodies 
of  several  rabbits  it  gained  in  virulence  for  rabbits,  but  became  less 
potent  against  hogs.  He  succeeded,  subsequently,  in  protecting  hogs 
against  fully  virulent  cultures  by  treating  them  with  strains  which 
had  been  attenuated  by  their  passage  through  rabbits. 

A  further  principle  of  attenuation  for  purposes  of  immunization 
was,  at  about  this  time,  contributed  by  Chamberland  and  Roux/° 
who  reduced  the  virulence  of  anthrax  cultures  by  growing  them  in 
the  presence  of  weak  antiseptics  (carbolic  acid  1:600,  potassium 
bichromate  1:5,000,  or  sulphuric  acid  1:200).  Cultivated  under 
such  conditions  the  bacilli  lost  their  ability  to  form  spores  and  became 
entirely  avirulent  for  sheep  within  ten  days.  A  similar  result  was 
later  obtained  by  Behring^^  when  attenuating  B.  diphtheriae  cultures 
by  the  addition  of  terchlorid  of  iodin. 

Active  Immunization  with  Sublethal  Doses  of  Fully  Virulent 
Baotebia. — The  use  of  fully  virulent  microorganisms  in  minutequan- 
tities  for  purposes  of  immunization  was  first  suggested  by  Chauveau,*= 
and  is  naturally  inapplicable  to  extremely  virulent  organisms  like  B. 
anthracis.  The  principle,  however,  is  perfectly  valid,  and  has  been 
experimentally  applied  by  many  observers,  notably  by  Ferran"  in 
the  case  of  cholera.  A  similar  method  proved  of  practical  value  in 
the  hands  of  Theobald  Smith  and  Kilborne"  in  prophylaxis  against 
the  protozoan  disease,  Texas  fever. 

Active  Immunization  wtth  Dead  Bacteria. — Suggested  by  Chau- 
veau,  the  method  of  active  immunization  with  gradually  increasing 
doses  of  dead  microorganisms  has  been  successfully  employed  by 
various  observers,  chief  among  whom  are  Pfeiffer,  Brieger,  Wright, 
and  Wassermann.  The  method  is  especially  useful  against  that  class 
^bacteria  in  which  tSe  cell  bodies  (endotoxins)  have  been"f6und~!o" 

^Paattmr,  Compt.  rend,  de  I'acftd.  des  acL,  1882,  t.  xcv, 
^Chamberland  et  Boux,  Compt.  rend,  de  Tacad.  dee  sci.,  1882,  t.  xcvi. 
^Behnng,  Zeit.  f.  Hyg.,  xii,  1892. 
-"CfcowMtt,  Compt.  rend,  de  Tacad.  des  sci.,  1881,  t.  xcii. 
"F«Ton,  Compt.  rend,  de  I'acad.  des  sci.,  1895,  t.  ci. 

"  Th.  Smith  and  KUbome,  U.  8.  Dept.  of  Agri.,  Bureau  of  Ani.  Indust.,  Wash., 
1893. 
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incomparably  more  poisonous  than  tlieir  extracellular  products 
(toxins).  hVOTn  a  prnciical  point  of  view,  thf  method  is  of  the  greatest 
importance  in  routine  laboratory  immunization  against  B.  typhosus, 

tVibrio  eholerw  a'^iatioje,  H.  pestis,  and  a  number  of  other  bacteria. 
In  the  tlierapy  of  human  disease,  this  method  has  recently  fnme  nito 
great  prominence,  chiefly  through  the  work  of  Wright,  whode  inves- 
tigations will  be  more  fully  discn.ssed  in  a  subsequent  section. 

AcTivK  Immunization  with  Bacterial  Products. — ^Many  bacteria 
when  grown  in  fluid  media  produce  extracellular,  soluble  poisons  which 
Mnain  in  the  medium  after  the  microorganisms  have  been  removal 

»by  filtration  or  eentrifugalization.     Since  the  diseases  caused  by  such 
microorganisms  are,  to  a  large  extent,  due  to  the  soluble  poisons 
•xereted  by  them,   animals  can   1k^  a(;tively   immunized   against   this 
class  of  bacteria  by  the  inm*ulation  of  gradually  increasing  doses  oT 
the  sp<-cifi<-  poison  or  toxin^     This  methml  is  naturally  most  sueecssful 

[,against  tlioM'  microorganisms  whit-h  possess  the  iiowcr  of  toxin  torma- 

[■"^on  to  n  highly  developed  degr<^.  Most  important  amtmg  th(^e  are 
iB.  diphtheria?  and  B.  tctani.  The  first  ^niccessful  application  of  this 
Iprinciplf  of  active  immunization,  however,  was  made  by  Salmon  and 

j^mith**  in  the  case  of  hog  cholera. 


PASSIVE    IMMUNITY 

'In  Pasteur's  basic  experiments,  as  in  those  of  the  other  scientists 
who  followed  in  his  footsteps,  the  methods  of  immunization  were  ba^ed 
upon  the  development  of  a  high  resistance  in  the  treated  subject  by 
virtue  Qf  its  own  j^hysioloKieal  aetivities.  This  process  we  have  spoken 
of  as  **aetive  immunir^tion"  ana  }T  is  self-evident  tiiat  a  method  of 
this  kind  can,  in  the  treatment  of  diseajie,  be  employed  prophylactically 
only  against  possible  infection,  or  in  localized  acute  infections,  or  at 
the  beginning  of  a  long  period  of  incubation  before  actual  symptoms 
have  appeared,  as  in  rabies  or  in  chronic  conditions  in  which  the 
infection  is  not  of  a  severe  or  acute  nature. 

A  new  and  therapeutically  more  hopeful  direction  was  given  to 
the  study  of  immunity  when,  in  1890  and  1892,  v.  Bebring  and  his 
collaborators  discovered  that  the  sera  of  animals  immunized  against 


^Salmon  and  Smith,  Rep.  of  Cora,  of  A(frl.,  Wash,.  )S8»  and  ia86. 
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the  toxins  of  tetanus^*'  and  of  diphtheria''  bacilli  would  protect  normi 
animals  against  the  harmful  action  of  these  poiwiiis.  The  anima 
thus  protected  obviou^y  had  taken  no  active  part  in  tlieir  own  defe 
but  were  protected  from  the  action  of  the  poison  by  the  substan 
transferred  to  them  in  the  sera  of  tlie  actively  immunized  animal 
Such  immunity  or  protection,  therefore,  is  a  purely  pa.ss]vc  pheno 
enon  so  far  as  the  treated  animal  is  coneemed,  and  the  process 
for  this  reason  spoken  of  as  "passive  immunization.'* 

Passive  immttni2ation  of  this  description  is  practiefllK-  MpplioHh 
chiefly  against  diseases  t-auscd  by  hMPtorin  whii'li  pr^wlnrM-  pnworfi 


toxins,  and  the  sera  of  animals  actively  immuuizod  airainst  such  toxii 


are  called  antitoxic  sera.     In  the  treatment  of  the  two  diseases  ma 
tiniij^    whf.vn     liiphthnrin    nnd    tetynus^   the    rpspft'tivp    inititoxic    sei 


have  reached   broail   and   hpnefifi;il  therapeutic  aPf)lication.  and 
numerable  lives  have  been  saved  by  their  use*. 

Fa.sHive  immunization  against  microorganisms  not  characterize 
by  marked  toxin  formation  was  attempted,  even  before  Behring 
discovery,  by  Richet  and  Hcricourt,"  experimenting  \nth  cocci,  an 
by  Babes,'*  in  the  case  of  rabies;  and  the  underlying  thought  h 
been  the  basis  of  Toussaint's  work  upon  anthrax.     Microorganistn 


howe\'cr.   which   exert   their  harmful   action   rather   hv   the   contents 
of  the  bacterial  eells  than  by  secreted,  soluble  toxins,  do  not,  so  f 
as  is  known,  nroitiief  antitoxins  in  the  sera  of  immunized  anima 


The  substances  which  they  call  forth  in  the  process  are  directed  again 
the  invading  organisms  themselves  in  that  they  possess  the  powi 
of  destroying  or  of  eatning  dissolution  of  the  specific  germs  used 
their  production. 

Such  antibacterial  sera  are  extensively  used  in  the  laboratory  ; 
tlic  passive  immunization  of  animals  again.st  a  largo  numl>er  of  gernj 
and  ar%  fairly  effectual  when  used  before,  at  the  same  time  wil 
or  aoon  after,  infection.  Their  therapeutic  use  in  human  diseai 
however,  has,  up  to  the  present  time,  been  disappointing  and  thcJ 
prophylactic  and  curative  action  has  been  almost  invariably  ineffeetu 
or  feeble  at  best,  except  when  the  antibacterial  sera  could  be  brou 
in  direct  contact  with  the  germs,  in  closed  cavities  or  localized  leaio; 


»*r.  Behring  aod  K%ta*cto,  Deut.  roe*!.  Woeh.,  49,  1890. 
"r.  Behring  and  Wrr^ieke,  Zeit.  f.  Hyg.,  1892. 
^Michet  et  Bfricottrt,  Compt.  rend,  de  I'liCAd.  dcs  »ci.,   18S8. 
"Babes  et  Lrpp,  Ann.  de  Tinrt.  Pasteur,  1889. 


DEFENSIVE  FACTXiRS  OF  THE  ANIMAL  ORGANISM  249 

Thus,  ill  epidemic  meningitis,  such  sera  have  pi-oved  extremely  nacful 

in  the  hands  of  F^^*'"'",  MJHtl*  inuH-tfd  liirwtly  intf»  lhr^  spiiuil  i-atiaL 


ANTIBODIES  AND  THE  SUBSTANCES  QIVENO  EISE  TO  THEM 


In  the  foregoing  sections  we  have  seen  that  the  proeess  of  active 
immunization  so  changes  the  animal  body  that  it  becomes  highly 
resistant  against  an  infection  to  which  it  had  formerly  in  many  in- 
stances been  delicately  snseeptiblc.  Li  the  absence  of  visible  anatomical 
or  histological  changes  accompanying  the  acquisition  of  this  new  power, 
investigators,  in  order  to  account  for  it,  were  led  to  ejcamine  the 
physiological  properties  of  the  Ixxiy  celbi  and  fluids  of  immunised 
subjects.  While  it  was  reasonable  to  suppose  that  all  the  cells  and 
tissues  were  affected  by,  or  niiglit  have  taken  part  in,  a  physiological 
change  so  profoundly  influencing  the  individual,  the  blood,  U'causc 
of  its  unquestionably  close  relation  to  inflammatory  reactions,  and 
because  of  the  ease  with  which  it  could  be  ohtainc<l  and  studied, 
claimed  the  first  and  closest  attention.  The  bactericidal  properties 
or  normal  blood  serum  noted  in  1886  by  Nuttall,^''  v.  Fodor,'*  and 
Fliigg^f  moreover,  aided  in  pointing  to  this  dwme  as  primarily  the 
seat  of  the  immunizing  agents.  It  is  an  interesting  historical  fact, 
that,  long  before  this  time,  the  English  physician  Hunter  had  noted 
tbat  blood  did  not  decompose  so  rapidly  as  other  animal  tissues. 

The  study  of  the  blood  serum  of  immunized  animals  as  to  simple 
changes  in  chemical  composition  or  physical  proi>ertics  hiiM  shed  littJc 
light  ui>on  the  subject.  BeljaefP"  in  a  recent  investigation  found  little 
or  no  alteration  from  the  normal  in  the  blootl  sera  of  immunized 
animals  as  to  index  of  refraction,  specific  gravity,  and  alkalinity. 
Joachim*'  and  Moll  agree  in  stating  that  immune  blood  serum  is  cora- 
I)arativcly  richer  in  globulin  than  normal  scrum.  Similar  oKservations 
had  been  made  by  Hiss  and  AtkiiLson"  and  others.  Important  and 
significant  as  these  purely  chemical  observations  are,  they  have  helped 
little  iu  explaining  tlic  nature  of  the  processes  going  on  in  immune 
sera.  The  first  actual  light  was  thrown  upon  the  mysterious  phenomena 


*Nuttall  Zeil.  f.  Hyg.,  i.  1886. 

"  V.  Fodor,  Dcut.  med.  Woch.,  188fi. 

^Bcljaeff,  Cent,  f,   Bukt.,  xxxiii. 

"/oocrAim,  Pfliigera  Archiv,  xciii. 

"Hiw  and  Aikinton,  Jour,  Exper.  Med.,  v,  1900. 
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Thg  forniation  of  antitoiins  directed  agaiast  soluble  poisoiis.  how- 
ever.  did  uot  explain  the  imnitinity  acquired  by  nniiuHls  at;;iitist 
Imclpria  like  Bacillus  authraeis,  Ibe  ohokra  vibrio,  aud  mlurs  whJcl], 
unlike  diphtheria  and  tetauus^  produceil  littlp  ar  nn  kfilnhli*  loxin. 
It  was  eNndent  that  the  antitoxie  property  of  immune  blood  serum 
was  by  no  means  the  sole  expression  of  its  proteetive  fwwers.  Much 
light  was  shed  upon  this  phase  of  the  subject  by  the  discoveries  of 
PfeiflFer  in  1894,  who  worked  along  the  lines  suggested  by  the  inves- 
tigations of  Nuttall  and  Buchner.  Pfeiffer"  showed  that  when 
cholera  spirilhi  wwrf  injo(ned  into  jhc  nfriton^al  euvity  yf  eholera- 
imnuine  giiinea'pigs.  the  niierooiganisnis  rapitlly  swelled  up,  be.- 
eaine  granular,  an<l  often  TinatM-u-i-iit  enmplete  solution.  T||^'  Kamo_ 
nhenoinenon  couUi  be  ohseyved  w^^n  the  hatneriii  were  injected  into 
a  normal  animal  together  wnth  a  suffiinent  quantity  of  cholera-im- 
mune^^ SPnim       ^  T"'  "^^ 

This  process  he  observed  microscopically  by  abstracting,  from  time 
to  time,  a  small  quantity  of  the  peritoneal  exudate  and  studying  it 
in  hanging-drop  preparations.  The  reaction  was  spcciiic  in  that  the 
destructive  pr(x;ess  took  place  to  any  marked  extent  only  in  the  case 
of  the  bacteria  employed  in  the  immunization. 

Metchnikoff,"  Bordet,  and  others  not  only  confirmed  PfeifFer's 
observation,  but  were  able  to  show  that  the  l.v'tic  process  would  take 
place  in  vitro^  as  well  as  in  the  animal  body.  The  existence  of  a 
specific  destructive  process  in  immuiie  serum  was  thus  established 
for  the  vibrit)  of  ehokru  an(|  souii  ext<'n<lril  to  other  mi^^yorg^nisma. 
The  constituents  of  the  blood  scrum  which  gave  rise  to  this  destructive 
phenomenon  were  spoJien  of  as  oacifrwiyftins. 

Following  closely  uium  the  heels  of  I'teiffer^s  observation  came  the 
discovery  of  another  siiecific  pro]>crty  of  inunune  serum  by  Oruber  and 
Durham.^  These  workers  noticed  that  certain  bacteria,  when  brought 
into  contact  with  the  serum  of  an  animal  imniuniy.cd  against  them, 
were  clumped  together,  deprived  of  motility,  and  firnilv  agglutinated. 
Xhey  spoke  of  the  phenomenon  as  agglutinatiou  and  of  the  substances 
in  the  serum  giving  rist^  to  it  as  agglutinins. 

The  list  of  antibodies  was  again  enlarged  by  Kraus,^'  who  in  1897 


Tfeifer,  Zeit.  f.  Hyg.,  xviii,  1894. 

"Pfciff'cr  wild  IscfJ^,  ibid. 
^  MrA'jhnikoff^  Ann.  de  I'inat.  Pasteur,  1S95. 
^Grubrr  und  Durham,  NtUnch.  metl.  Wi»eh.,  1896. 
^Ktqu»,  n.,  Wien.  klin.  WoHi..  .'JS.  1897. 
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ahowcdthat  precipitates  were  fonncd  when  filtrates  of  cultures^f 
choleraTtyDhoid,  and  plague  bacilli  were  mixed  with  their  specific 
immune  sera.  He  called  the  subatances  which  bestowed  this  property 
upon  the  sera  precipitins. 

The  treatment  of  the  animal  body,  therefore,  with  bacteria  or  their 
products  gives  rise  to  a  variety  of  reactions  which  result  in  the 
presence  of  the  ** antibodies"  described  above.  Extensive  investiga- 
tion has  shown,  however,  that  the  power  of  stimulating  antibody 
production  is  a  phenomenon  not  limited  to  bacteria  and  their  products 
alone.  Antitoxins,  we  have  already  seen,  may  be  prod^cpd  with  a 
variety  of  T)"isons  of  plant  and  animal  origin.  Sensitizing,  agglu- 
tinating and  pn-eipitating  efi'et'ts  may,  likcwist*,  be  produced  by  the 
use  of  a  large  number  of  different  substances.  Chief  among  these, 
because  of  the  great  aid  they  have  given  to  the  theoretical  investiga- 
tion of  the  j)henomena  of  immunity,  are  the  red  blood  cells.  Bordet** 
and,  independently  of  him,  Belfanti  and  Carbone**  showed  in  1898 
that  the  scrum  of  animals  repeatedly  injected  with  the  defibrinated 
blood  of  another  species  exhibited  the  speeific  power  of  dissolving 
the  red  blood  corpuscles  of  this  species.  This  was  the  first  demonstra- 
tion of  **  hemolysis  * ' — a  phenomenon  which,  because  of  the  ease  with 
which  it  can  be  observed  in  vitro,  has  mucii  facilitated  investigation. 

TI»e  knowledge  that  specific  "cjiotoxins**  or  ccU-destroying  anti-bodies 
could  be  produced  by  injection  of  red  blood  cella  naturally  sut^estcd  tho 
possibility  of  aimlojrous  reactions  for  other  tissue  cells.  It  wn-s  not  long, 
therefore,  before  Motchnikoff*'  and,  independently  of  him,  Ijirndflteiner*' 
succeeded,  by  repeated  injectiona  of  spermatozoa,  in  producing  a  sonim 
which  would  seriously  injure  these  specialized  cells.  Von  Dunsern**  ob- 
tained similar  results  with  the  ciliated  epithelium  of  the  trachea.  Since 
then  a  host  of  c^'totoxins  have  been  produced  with  the  cells  of  various 
organs  and  tissncs.  Thus,  Neisser  and  Wcchsberg**  produced  leucotoxin 
(leucocytes) ;  Delezenne,*''  neurotoxin  and  liepatoloxin ;  Sunuont,*^  pan- 
creas cytotoxin;  and  Bogart  and  Bernard,**  suprarenal  cytotoxin. 


^Sordct,  Ann.  dc  Tinst.   Pasteur,   1898. 

*'Betf(inti  et  Carbopc,  Giuruale  Jclla  B.  Acad,  dt  Torino,  July,  1898. 

"Metchnikcff,  Ann.  dc  I'inst.  PMteur.  1898. 

**  Landsteiner,  Cent.  f.  Bakt.,  i,  25,  1S91». 

**f.  Durtffrrn,  Miiiich.  mwj.  Woch.,  1S99. 

^  S^eisscr  und   Wech*herff,  Zeit.  f.  Hyg.,  xxjtvi,  1901. 

^Vetesrmie,  Ann.  de  rinsl.  Piwtt.  1900;  Coitipt.  rend,  de  Tacad.  des  sci.,  1900. 

^.SMrmotir.  Compt.  rend,  dc  la  soe.  de  blol.,  1901. 

**  Bogart  et  /*<T»ord,  ibid.,  1891. 
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One  of  thp  most  interesting  of  the  cytotoxiii«,  moreover,  ib  nephrotoxin 
• — protluoed  by  the  trealmoiit  oi"  uniuiaU  with  iujeclions  of  enmlaious  of 
kidney  tissue, 

lu  all  cases  it  was  supposed  by  those  first  working  with  thcHe  bodies, 
that  the  injection  of  the  sera  of  animals  preWously  ti-eatcd  with  any 
particular  tissue  substance  would  produce  six^ciflc  injurj'  u|x>ii  the  organs 
homologous  to  the  ones  used  in  immunization.  Tt  nerd  hardly  be  pointed 
out  how  very  iin]>ortant  such  plicnomena  would  be  in  throwing  light  upon 
the  degenerative  ]>atho]ojuacat  lesions  occurring  in  disease.  As  a  matter 
of  t'act»  however,  sern  8o  produced  have  been  shown  to  be  8j»ecitle  for 
certain  organs  in  a  limited  sense  only.  The  question  of  specific  cytotoxins 
lias  been  of  especial  imiwrtanco  in  the  case  of  nephritis,  where  Ascoli 
and  Figari*'  and  others  have  suggested  an  autuneplirotoxin  as  the  basis 
of  the  pathology  of  this  di.sease.  In  the  hands  of  Pearee  and  others,  how- 
ever, the  strict  specificity  of  nephrotoxin  could  not  be  upheld  and  the 
subject  is  still  in  the  experimental  stage. 

Recent  experiments  by  Pearee^"  suggest  that  at  least  a  part  of  the 
local  injury  to  organs  exerted  by  such  "cj'totoxic' '  sera  may  not  bo 
due  to  a  specific  action  upon  the  organ  cells  so  much  as  upon  the  hema- 
giutinating  action  of  the  &era  causing  embolism  and  necrosis. 

It  is  a  fact  also  that  most  cytotoxic  sera  are  usually  hemolytic  as  welh 
It  is  not  easy  to  decide,  therefoi-e,  how  much  of  the  action  upon  the 
organs  is  due  to  their  true  cytotoxic  projwrties  and  how  much  is  attributable 
to  the  eoneomitant  action  upon  blood  eells.  The  extravagant  hopes  at 
first  based  upon  rytotoxin  investigation,  especially  in  regard  to  the  problem 
of  mulignaut  tumors,  have  been  disappointed,  and  much  is  still  obscure  in 
regard  to  the  cytotoxins  which  calls  for  further  research. 


The  many  poiiitji  of  similarity  existing  between  bacterial  toxins 
and  digestive  ferments,  by  animal  inoculation,  suggested  to  several 
observers^  the  possibility  of  producing  antibodies  against  the  latter. 
As  a  result,  a  number  of  antifennents  have  been  obtained,  chief  among 
wliich  are  antilah  (Morgenroth"),  antipepsin  (Sachs'*),  antisteapsin 
(Schiitze*'*),  and  untilactase  (Schiitze). 

Thp  stimiiljttjf^n  of  antibody  formation  in  the  sera  of  animals  is 
a  consecpienee,  therefore,  of  the  injection  of  a  large  variptv  of  sub- 
stances— some  of  them  poisonous,  some  of  them  entirely  innocuous. 


^AtcoH  and  Fitjari,  Berl.  klin.  Wocli..  1002. 

"Pearee^  Jour.  Expcr.  Med.,  viii,  1906. 

'^  Mofffem-oth,  Cent.  f.  Bakt.,  1899. 

^^Sach^,  Fort.  d.  Mod.,  1902. 

'*»fichilt:e,  Deut.  med.  Woch.,  1904;  Zcit.  t,  Uyg.,  1905. 
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.,v-^;?^     t^-^Hii^'    iuv«^ier.  some  cT^'stalloidal  substances  have 

^, .vXi^o^u.  ft'  >w«cssuxic  «iLQgenic  properties. 


CHAPTER   Xm 

TOXINH    AM)    ANTITOXINS 


The  Toxin-Antitoxin  Reaction. — Apart  from  the  therapeutic  pos- 
sibilitii'S  ilisrliised  by  the  discovery  of  antitoxins,  new  light  of  in- 
cstiuiublc  value  was  thi*own  by  these  observations  upon  the  biological 
processes  involved  in  immunization.  The  most  vital  problem,  of 
course,  which  immedintely  thrust  itself  upon  all  workers  in  this 
field,  was  the  question  as  to  the  nature  of  tlie  reaetion  in  which  toxin 
was  rendered  innocuous  by  antitoxin. 

The  simplest  conception  of  this  process  would  be  an  actual 
destruction  of  the  toxin  by  its  specific  antitoxin,  and  it  is  not  un- 
natural, therefore,  that  thLs  was  the  view  which,  for  a  short  lime, 
found  favor  with  some  observers.  Roux,  and  more  particularly 
Buehner,'  however,  under  the  sway  of  cellular  nathology.  advanced 
the  opminp  thnt.  jh'*  nntWnvini:  in  B.^r^.  ^y^iv  influpHCed  tlie  tissue 
cells,  rendering  them  more  resistant  against  the  toxins.  Antitoxin, 
according  to  this  tht'orv,  did  not  act  directly  uuon  toxin,  but  affeetecl 
it  indirectly  through  the  mediation  of  tissue  cells.  Khrlieh,*  on  the 
other  hand,  conceived  that  the  reaetion  of  toxin  and  antitoxJTi  was 
a  direct  union,  analoijcns  in  \ho  dn  inieal  neutrali/ntion  of  an  aeul 
by  a  base — an  oiiinion  in  whioh  l^ehring  soon  joinid  liini. 

The  conception  of  toxin  destrnction  recejyed  iinan.swerable 
refutation  bv  the  exrierimenfs  of  Calmette.*  This  observer,  working 
with  snake  poisvm.  found  that  the  poison  itself  (unlike  most  other 
toxins)  posflessi'd  the  property  of  resisting  heat  even  to  lOO*  C^ 
while  its  specific  antitoxin,  like  other  antitoxins,  was  delicately 
thermolabile.  He  noted,  furthermore,  that  non-toxic  mixtures  of 
th«  two  siibstanci'S,  when  subjected  to  heat,  regained  their  toxic 
properties.     The  natural  inference  from  these  observations  could 


*BltchiKr,  "Scbutzimpfung:,"   eU.,   in   PenxoMi    n.   Btinninp. 
Thorap.  H.  Irfektkrank.,"   ISJK. 
Ehrlkh,  Deut.  uicmI.  Wiwh..  1891. 
'VolmrtU,  Asm.  do  J'inst.  Past.,  1895. 
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Similar  quantitative  results  were  subficquently  obtained  by  Stephena 
and  Myera*  for  cobra  poison  and  its  antitoxin,  by  Kossel*  for  the 
toxic  eel  blood  serum,  and  by  Ehrlieh'**  for  the  hemolytic  tetanua 
poiaon  known  an  tetanolysin. 

The  introduction  of  the  teat-tube  experiment  into  the  investiga- 
tion of  these  reactions  permitted  of  much  more  exact  observations, 
and  by  this  means,  as  well  as  by  careful,  quantitatively  graded, 
animal  experiments,  the  further  facts  were  ascertained  that  toxin  and 
antitoxin  eomlnnrd  more  snet-dilv  in  concentrated  than  in  dilute 


Solutions,  and  tltat  warmtli  liasleiirt],  whiU>  cold  retarded^  the  reac- 
tion— observations'*  which  in  every  wav  seem  to  bear  out  Ehrlich's 
coinTption  of  the  phymical  nature  of  the  process. 

Ehrlich'a  Analysis  of  Diphtheria  Toxin.— Shortly  after  the  dia- 
covery  and  therapeutic  application  of  diphtheria  antitoxin,  it  be- 
came apparent  that  no  two  sera,  though  similarly  produced,  could 
have  exactly  the  same  protective  value.  It  was  necessary,  therefore, 
to  establish  some  measure  or  standard  by  wiiich  the  approximate 
strength  of  a  given  antitoxin  could  be  estimated.  Von  Behring^* 
attempted  to  do  this  for  both  tetanus  and  diphtheria  antitoxins  by 
determining  the  quantity  of  immune  sera  which,  in  each  case,  was 
needed  to  protect  a  guinea-pig  of  known  weight  against  a  definite 
dose  of  a  standard  poison.  He  ascertained  thf  quantity  of  stanilard 
toxin-bouillon  which  would  suffice  to  kill  a  guinea-pig  of  25Q  grams, 
and  caHcd  this  quantity  the  '*toxin  unit?^  This  unit  was  later 
more  exactly  limited  by  Ehrlich^  wlio.  considering  the  clement  of 
time,  stated  it  as  the  quantity  sufficient  to  kill  a  yuinca-pig  of  the 
glYen  weight  in  from  four  to  five  days. 

Appropriating  the  terminology  yf  (^hemic^gl  titrftfion.  v.  Behring 
spoke^f  a  toxin-bouillon  which  contained  one  hundred  such  toxin 
units  in  a  cubic  centimeter^  aa  a  "n»rmj 


solution"  ("DTN' 
M'^"),  and  designated  as  '^normal  flgtitnyin"  a  gfrum  capable  of 
neutralizing,  cubic^ccntirpetcr  for  cuhie  ppntiwiptpr,  the  normal 
poison."    A  cvibic  centimeter  of^ 


antitoxic  seioun  was  suffi- 


*Steph€na  and  Myera^  Jqmt.  of  Path,  and  Bact^  1898. 
*Ko4Kfl,  Borl.  klin.  Worh.,  1898. 
^Ehrlich,  Berl  klin.  Woch.,  18»B. 
«  Knorr,  Fort.  il.  MeiL,  1897. 
"v.  Behring,  Deut.  med.  Woch.,  1893. 

"DTK'  M'^  signincs:  D,  Diphtheria;  TN',  Normal  Toxin  aolution;  M",  Meer- 
achweinchen  or  giiinea-pig  weighing  250  grams. 
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bouillon  had  retained  its  full  original  power  of  neutralizing  ami- 
TnYJn.  li  thf  reactiou  was  purely  one  of  chemical  neutrnHy.ation, 
thovo  Rppinfii  tct  be  but  one  explanation  of  thia.  The  toxin  molccali' 
gust  contain  two  separate  atom  groups.  One  of  these  must  possess 
the  power  of  binding  antitoxin  and  be  stable;  this  he  designates, 
as  the  'Mmpttipliore"  or  "aneliorin^"  yrouD.  TJin  ythc>r.  the  one 
by  ivhicli  the  toxin  nioleeule  exerts  its  dek-terioiis  action,  must  be 
more  easily  eliant^rd  or  dcst roved :  this  he  calls  the  *'toxophore" 
or  "poison"  group.  In  the  altered  toxin-bouillon  in  which  a  part 
of  the  poisonous  action  has  been  lost  while  the  antitoxin-neutralizing 
power  is  intact,  the  toxophore  group  of  some  of  the  toxin  mnst 
have  been  changed  or  destroyed.  Such  altered  toxin  he  speaks  of 
as  "toxoid." 

In  support  of  this  hypothesis  and  for  the  purpose  of  perfecting 
the  metliods  of  standardization,  Khrlich  was  led  to  determine,  for 
a  large  variety  of  specimens  of  diphtheria  toxin,  the  precise  quan- 
tity, in  cubic  centimeters,  which  was  necessary  to  neutralize  exactly 
rone  xinit  of  his  standard  antitoxin.  This  he  accomplished  by  making 
a  series  of  toxin-antitoxin  mixtures,  in  each  of  which  the  quantity 
of  antitoxin  was  exactly  one  unit,  while  the  amount  of  toxin  was 
gradually  increased.  These  mixtures  were  injected  into  guinea-pigs 
of  250  grams  weight.  It  is  self-evident  that  in  such  an  experiment 
the  mixtures  containing  the  smaller  quantities  of  toxin  would  have 
fUo  effect  upon  the  guinea-pigs.  Soon,  however,  a  mixture  would  be 
reached  in  which  toxin  would  be  sufficiently  in  excess  of  antitoxin 
to  produce  the  symptoms  of  sliglit  poisoning,  as  evidenced  in  local 
edema,  rise  of  temperature,  etc.  The  largest  quantity  of  toxin  which 
could  he  added  without  producing  such  symptoms  was  then  regarded 
as  exactly  neutralizing  the  antitoxin  unit.  This  quantity  of  toxin 
Ehrlich  speaks  of  as  **Lime8  zero"  (Limes  =  threshold)  or,  briefly. 

For  instance : 

One  antitoxin  unit  +  0.0  c.c.  toxin No  s;y'mptoni8  of  poisoning. 

'*  "         '*         0.8  c.c •*         **  *'         ** 

•'  "         **         0.9  c.c **         "  **         ** 

'"'  **         **         j^    ee n        i«  ..         n 

* '         "         ■  *         1.1  <?.<? Local  edema.    Paralysis  in  30  days. 

I    '*  "         •*         1-2(^x Death  in  10  days. 

In  this  example,  Lq,  therefore,  equals  1  c.c. 
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thkt  Iw^aosc  of  the  great  difficulty  in 
•videucws  of  toxic  action  in  guinea-pigs, 
Lnbiing  ihi*  poiBims  against  antitoxin 
Huch  toxin  would  be  required  to  neu- 
mmI  stiU  be  sufFIeipntly  in  excess  to  cause 
^  350  grams  in  four  to  five  days.    This 
J  k^  iW  action  of  OIK'  toxin  unit,  unmixed 
wxu^kl  !nH?m  that  this  value  (expressed  by 
i'*  OkT  *'l4,'*)  must  simply  be  Lo  plus  one 
K»w»^v^  w«»  Cxnind  not  to  be  the  case.     Thus, 
gtkv«v  ilk  wtd^b  T  (the  toxin  unit — the  quantity  of 
^^^l^llf*  UlltaNt%  fHi^Tii  T^t  of  2r>0  grams  in  four  to  five  days) 
%».^MlM  fK^A  t>^  ^iKv  quHnlity  of  toxin  completely  neu- 
tk>  WW  found  to  be  1  c.c.  or  1(X)  T.    In 
A^  ><MW«|[l  \k  Ohi*  quantity  of  toxin  necessary  both 
4MyklMt3lte  ^^  ai^^l  y^'  ^^  he  suffieiontly  in  excess 
In  kM  %  V«ltn«*«>piK  »f  *^^^  grams  in  four  or  five 
.i«ii  iv  ^  iM«v\*4y  L|i  -f  1  T:  but  on  actual  experi- 

^ A  4fciAjiffcHftM]f  Shi^  c\tuiUtion8  may  bt*  stated  as  follows: 

^vi  kitlmt;  1  pi)jr)  =  2.01  c,c.  of  201  T, 
aux.  unit)  =  1.      o.c.  or  100  T. 

IMtfcnmce  =  1.01  c.c.  or  101  7". 

iU^i.  viiiK'AWiUHl  la  explain  this  surprising  phenomenon 

tlv  arKUt*d  that  the  toxoids  formed  by 
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I   lie  nudied  only  after  all  of  these 

I  tlu'Ui,  had  been  replaced,  and  toxin 
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100  tox.-antitox.  +  100  epitox.-antitox.  =  Lf^; 
add  1  r^nd  we  hove  101  lox.-antitox.-f  99  opitoxoid-antitoxin+1  epitoxoid  free; 
addlOl  randwehave200toxin-Mititoxin+100epitoxoidfree-M  rfree=I^. 

Two  facts,  however,  led  Ehrlieh  to  abandon  the  opinion  that 
epitoxoid  was  merely  a  vanoty  of  toxoid.  He  found,  in  tho  first 
place,  that  the  stated  relations  between  L{,  and  L^  were  true  for 
perfectly,  fresh  toxin-bouillon  in  which  little  or  no  detcnoration 
had  taken  place.  lie  obsen'cd,  furtliormore.  that  in  old,  altered 
toxin  bouillon,  while  T  was  very  much  affected,  the  quantity  needed 
to  kill  a  pig  constantly  increasing,  and  the  number  of  actual  fatal 
doses  in  Lq  constantly  decreasing  (by  reason  of  toxoid  formation), 
L     remained  practically  unchanged. 

Simply  stated,  this  means  that  the  epitoxoids  or  substances  which 
have  weaker  affinity  for  antitoxin  than  tnxin  itsrlf  are  already 
present  in  fresh  bouillon  and  arc  not  increased  with  time.  For  this 
reason.  Ehrlich  has  separated  these  substances  from  toxoids.  He 
calls  them  "toxon'*  and  believes  them  to  he.  like  toxin,  primary 
secretory  products  of  the  diphtheria  bacilli.  The  toxoids  themselves, 
Ehrlich  believes,  are  of  two  kinds,  those  with  a  stronger  affinity 
for  antitoxin  than  toxin  itself  (protoxoids).  and  those  whose  affinity 
for  antitoxin  is  equal  to  that  of  toxin.  These  latter  he  calls  **syn- 
toxoids.  *  * 

The  toxon  (epitoxoid  originally),  as  Ehrlich  believes,  has  a 
haptophore  or  "binding"  group  similar  to  that  of  toxin,  but  a  dif- 
ferent toxophore  or  "poisoning"  group.  Qualitatively  it  has  been 
shown  to  differ  from  toxin  in  that,  lacking  the  power  to  produce 
acute  symptoms,  it  causes  gi>adual  emaciation  and  paresis  in  animals. 

That  this  difference  in  the  poisonous  action  of  toxin  and  toxon 
is  not  merely  a  quantitative  difference,  referable  to  small  quantities 
of  toxin,  was  proved  by  Dreyer  and  Madsen,"  who  showed  that  if 
they  made  a  toxin-antitoxin  mixture  in  which  after  injection  the 
only  evidence  of  incomplete  neutralization  lay  in  the  emaciation  and 
final  paralysis  of  the  test  animals,  the  quantity  of  such  a  mixture 
could  be  increased  five-  and  tt-nfold,  witliout  producing  the  true 
toxin  symptoms  in  animals.    These  authors,  too,  claim  to  have  been 


»•  Dreyer  und  Modsen^  Zeit.  f .  Hyg.,  xxxvii,  1901. 
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able  to  immunize  agrainst  toxin  \nth  such  mixtures,  thereby  pro\nng 
the  identity  of  the  haptophorc  groups  of  tiie  two  substanees.  The 
importance  of  this  obRervation  will  become  more  evident  in  con- 
nection witli  the  section  on  the  ** side-chain  theory," 

MsTUOD  OP  Partial  Absorption  of  Toxin. — Khrlich*^  has  gathered 
more  exact  data  in  support  of  his  views  from  wliat  he  terms  the 
•'Method  of  Partial  Absorption"  of  toxin  by  antitoxin. 

In  order  to  undcratand  X\m  method  clearly,  it  is  necessary  to 
remember  that  Ehrlieh"  believes  the  union  of  toxin  with  antitoxin 
to  take  place  according  to  the  chemical  laws  of  valency.  Jiwt  as  in 
H,0  oxygen  has  an  atomic  valency  of  2  for  hydrogen,  so,  in  the 
fully  neutralized  toxin-antitoxin  compound,  he  believes  antitoxin  to 
have  a  valency  of  200  for  toxiji.  It  would  require,  acc«>rding  to 
this,  200  T  or  toxin  molecules  to  satisfy  the  affinities  of  one  antitoxin 
molecule," 

This  b<dief  is  based  upon  the  following  consideration :  In  de- 
termining the  L^  dose,  or  fully  neutralised  toxin-antitoxin  union, 
Khrlirh,  as  well  as  Madsen,  found  that  the  numlx»r  of  T  luiits  con- 
tained in  such  a  dose  was  almost  regularly  a  factor  of  one  hundred, 
recurring  again  and  agui»i  as  25.  33,  50.  75.  etc.  This  pointed  to 
more  or  less  regularity  in  the  deterioration  of  toxin  into  toxoid,  and 
tp  a  more  or  less  regiilar  relation  of  toxin  to  toxon.  Now,  as  we 
have  seen  before,  if  we  couhl  procure  a  perfectly  jnire  toxin,  the 
Lq  dose  plus  one  toxin  unit  wouhl  give  us  tin'  L^  dose;  that  is, 
one  toxin  unit  in  excess  of  full  neutralization  would  suffice  to  kill 
a  guinea-pig  of  250  grams  in  four  to  five  days.  Since  a  perfectly 
pure  toxin,  however,  has  not  been  obtainable  up  to  the  present 
time,  it  is  clear  that  the  number  of  pure  toxin  bonds  contained  in 
L-*  must  1m'  less  than  the  actual  number  of  neutralizing  units  in  the 
combinution,  a  part  of  the  antitoxin  being  bound  by  toxon  and 
toxoid.  The  actual  values  obtained  for  the  number  of  T  units  in 
L^  has  never  exceedfil  200.  and  has  usually  been  more  than  100, 
the  highest  value  ascertained  by  Madsen  iH'ing  160.  (iiven.  there- 
fore, a  combining  value  which,  l>eing  a  multiple  of  one  hundred, 
is  often  more  than  one  hundred,  but  iu  an  obviously  impure  state 
has  never  reached  200.  it  is  most  likely  that  200  represents  the 
actual  value  sought  for. 


** KhrticK  ''0««immrlt*   Arboitcn  Eur  Tmrnunitatnforarh., 

^Khrtirh,  Dpiit.  nird.  Woch.,  1h9m. 

**  Khrttch,  "SchhiwiU'lrHfhlfiiigt'n, '*  Xolhniigrl '«  SvBtem. 


Dfrlin.    11W4. 


:s  S0  'L^  =  «i    "  **   •• 

J X»  -rX.*=     XS 

li  k  pUiB  that  tbe  Hifartane«s  vith  tW  atroaffeat  attahx  for  «Mi- 
toxiii  miKt  be  bound  first  bjr  tiM  aantoxia.  Tfaa  4m»  oq(  diihiifc 
the  toxic  VMlat  of  the  Bttxtarv;  «nd  thesr  are  tbr  pnMooraiili.  Nvxt 
MTt  bound  flyatoxoidi  and  toxins^  and,  finaltx.  the  lai—.  It  » 
plain  that,  by  thia  method,  the  eonathotioii  of  an^  fnwQ  toxki  mKX 
be  aacertained,  and  Ehrlicfa  haa  coaatmeted,  cm  the  baas  af  theoe 
obaerrationa,  vliat  hv  terms  his  toxin  spectmaa.  Misor  differeneea 
of  toxicity  and  al!init¥  for  tbr  antibody  haw  oaoavd  him.  by  tlie 
partial  saturation  method  d««rribed,  still  further  to  dirkle  toxin 
into  proto-,  deutero-,  and  trito-toxin. 

Hk  spectra  graphirally  describe  tlie  eonstitutickn  of  any  ^tta 
toxic  bouillon  and  trace  its  deterioration  as  foUowB: 

Ehrlich*s  opinions  as  to  the  eimstitution  of  toxin  have  kiorne 
imxK>rtajit  practical  fruit  in  aliening  him  to  dc\t*lop  a  HyMt>ui  of 
standardization  of  anti-toxin  which  will  be  considered  in  tht*  next 
chapter,  fant  hLs  theoretical  conceptions  as  dc»M*rilte<l  atxivo  are  not 
accepted  as  truly  repres«*nting  the  conditions  at  the  prcs«'nt  day. 
His  assumption  of  the  complexity  of  toxic  filtrates,  that  Is,  toxin, 
the  various  toxoids,  and  toxons,  results  from  strict  ndhcriMiec  to  the 
belief  that  the  reaction  is  analogous  to  that  taking  plttcc  l)clwrtn 
strong  acids  and  strong  bases.  The  first  to  seriously  throw  donht 
upon  his  theoretical  conceptions  on  the  bnais  of  experiment,  wen* 
Arrheniiis  and  Mu<lscn. 


*"  £xiuu|)lc  taken  fron  KhfUeK  Deut.  me<1.  Vo«h.,  1II9S. 
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Modern  theories  of  solution  maintain  that  substances  in  solution 
are  broken  up  into  their  atoms  or  atom-groups,  known  as  ions.  Thus, 
NaCl  in  solution  would  be  "dissociated"  into  its  Na  ion  and  its 
CI  ion,  the  completeness  of  the  dissociation  depending  upon  the 
concentration  of  the  solution.  A  solution  of  NaCl,  therefore,  con- 
tains, according  to  this  view,  three  substances,  NaCl  undissociated 
and  free  ions  of  Na  and  01,  the  relative  quantities  of  the  three 
present  in  any  given  solution  being  calculable,  and  depend  upon 
a  law  known  as  the  law  of  mass-action  of  Guldberg  and  Waagc. 
These  free  ions  are  the  elements,  therefore,  which  are  active  in  the 
formation  of  further  chemical  combination.  When  a  strong  acid, 
in  solution,  acts  upon  a  base,  say  HCl  upon  ammonia  (Nil,),  strong 
acid  having  the  property  of  quite  complete  dissociation  in  relatively 
concentrated  solutions,  little  or  no  ammonia  would  remain  unbound. 
A  weak  acid,  like  boric  acid,  however,  not  being  as  completely 
dissociated,  would  leave  some  ammonia  uncombined  even  after  more 
quantitatively  suflScient  bone  acid  had  been  added.  Arrhenius  and 
Madsen,  on  the  basis  of  careful  researches  into  the  reaction  between 
tetanolysin  and  its  antibody,  believe  that  toxin  and  antitoxin  possess 
weak  chemical  avidity  for  each  other,  their  interaction  being  com- 
parable to  that  taking  place  between  a  weak  acid  and  a  base.  Toxin- 
antitoxin  solutions,  therefore,  would  contain  the  neutral  compound, 
but  at  the  same  time  uncombined  toxin  and  antitoxin.  The 
qualities  which  Ehrlich  ascribes  to  toxon,  they  believe,  are 
due  to  the  unbound  toxin  present  in  such  mixtures.  In  careful 
studies  in  which  they  inhibited  the  hemolytic  action  of  ammonia  by 
gradual  addition  of  boric  acid,  they  were  able  to  show  complete 
parallelism  between  the  conditions  governing  this  neutralization  and 
those  concerned  in  their  tetanus  experiments.  Their  explanation  has 
the  advantage  of  great  simplicity  over  that  of  Ehrlich 's  and  also 
the  fact  that  it  takes  into  account  the  laws  of  dissociation  which 
always  takes  place  in  solutions  in  which  the  union  ox  two  substances 
occurs.  We  cannot  enter  into  the  matter  at  greater  length  in  this 
place,  and  must  refer  the  reader  to  more  extensive  works  on  im- 
munity.** Objections  to  the  ideas  of  Arrhenius  and  Madsen  have 
been  brought  for%vard  by  Nernst,  Bordet  and  others,  largely  on  the 
basis  that  toxin-antitoxin  are  probably  colloidal  in  nature,  and  that 
the  laws  of  dissociation  in  colloidal  reactions  are  not,  as  yet,  clear. 

"See  Zinsser,  Infection  and  Resistance,  MacMillan  &  Co.,  New  York,  1917; 
Bordet,  Immunity,  Maraon^  Paris,  1920, 
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We  do  know,  however,  from  recent  work,  that  antigen-antibody 
complexes  can  dissociate,  and  the  work  of  Loeb  has  shown  that 
reactions  of  proteins  are,  after  all,  in  many  ways  strictly  analogous 
to  ordinary  chemical  reactions  between  less  complexly  constituted 
substances.  Moreover,  direct  experimentation,  such  as  that  of  Land- 
steiner  on  agglutinated  typhoid  bacilli.  Gay  and  Chickering's  work 
on  the  dissociation  of  antibody  from  precipitates,  Huntoon's  work  on 
the  dissociation  of  antibody  from  sensitized  pneumococci,  as  well 
as  observations  made  on  the  dissociation  of  diphtheria  toxin  from 
toxin-antitoxin  mixtures  in  connection  with  active  immunization  in 
diphtheria,  have  now  shown  pretty  definitely  that  dissociation  of 
these  substances  in  the  animal  body  and  in  the  test  tube  may  take 
place.  In  the  light  of  these  newer  researches  the  ideas  of  Arrhenius 
and  Madsen,  must  eventually  be  reexamined. 

Bordet,  Landsteiner  and  others  have  brought  out  another  point 
of  view  which  might  explain  the  quantitative  relations  which  exist 
in  toxin-antitoxin  mixtures  as  worked  out  by  Ehrlich.  They  dwell 
particularly  upon  the  analogy  of  these  reactions  with  colloidal  reac- 
tions, assuming  that  when  antitoxin  is  mixed  with  toxin  in  amounts 
insufficient  to  completely  neutralize,  the  unit«  of  antitoxin  are  not 
taken  up  by  a  corresponding  fraction -of  the  total  toxin  present, 
leaving  a  part  of  the  toxin  absolutely  free,  but  that,  on  the  contrary, 
the  antitoxin  is  equally  distributed  over  all  the  toxin  units  present, 
leaving  all  of  them  partially  saturated.  This  would  not  sharply 
neutralize  a  part  of  the  toxin,  leaving  another  part  entirely  free 
to  exert  its  activity,  but  would  partially  neutralize  all  the  toxin. 
It  is  more  or  less  analogous,  as  Bordet  brings  out,  to  different 
degrees  of  coloration  which  are  produced  when  starch  absorbs  vary- 
ing quantities  of  iodine.  They  compare  it  to  an  adsorption  phe- 
nomenon, rather  than  to  a  true  chemical  reaction. 

■  More  or  less  in  harmony  with  this  view  is  the  Dansyz  effect,^^ 
which  is  as  follows :  When  diphtheria  toxin  is  added  to  its  anti-toxin 
in  two  fractions,  a  definite  period  elapsing  between  the  addition  of 
the  first  and  the  second  fraction,  much  more  toxin  remains  free 
than  when  the  total  quantities  are  mixed  at  once.  This  view  has 
been  interpreted  in  Ehrlich 's  sense  by  Von  Dungem,  but  by  a  very 
forced  process  of  reasoning.  We  may  assume  with  considerable  con- 
fidence at  the  present  time,  that,  while  the  Ehrlich  method 

^bansyz,  Ann.  de  I'lnit  Part.,  16,  1902, 
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ftttnuUrtllmOlou  U  Mill  Uic  inottt  umful  ImtfiM  fur  therapLHitio  unit 
^ti*(tM-tttli\(Hii>ii.    tUv    lli«<\ii>vUt'Hl    niiiHitliM'iilioiiK    upon    which    it    is 

foUtltltMl  vnM  »M»  loltg^M*  \m}  Ac^Orptuil  lis  I'iUM'lusivr. 

ThU.  hMWovvr,  it<M*il  nut  piH^vrnt  um  frum  (liflciiHHtng  the  side- 
ohulu  Uu'uvy  >^\^W\\  hint  no  iHrtn^l  n-lntioimhiji  to  his  viiws  on  toxins, 
hni  iin'tM'M  K  vvrv  iMUtMiiotM  t^XphiMHtion  for  tho  mysterious  prohlcni 
of  niitlhuil.Y  rui-miiliun  nm)  Mpivirtoity. 

Th#  BldftOhftin  Theory.  Wr  hnvi*  swu  tluit  iho  extensivo  ro- 
ai'hi'i  tu'N  itl  hlhilirh  Into  the  natort*  of  iho  toxin-antitoxin  reaction 
lt*(i  hint  1(1  htillrvti  Mint  tho  two  IukUch  underwent  (*huraical  union, 
roMtditif  It  iirtitrnl  (>ont|HMind.  TUv  strictly  spirjfic  pharactor  of  such 
ti*ii<'ttoim,  I'ln-lht'i'iMoiv,  dlphth*'ria  antitoxin  hinding  only  diplithoria 
l«iln.  lotanuH  nntltuxitt  only  tetanus  toxin,  cte.,  led  him  to  assume 
th«t  Ihr  ehi>iidettl  aAlntty  hetwiM-n  eaeli  antihody  and  its  respective 
Iinll4(i<n  depDodrd  upon  definite  utntn  ^''^'iip^  contained  in  each. 

Kiu'lltih"  had,  In  \HHC\,  puhliHhid  a  treatise  in  wldeh  ho  discussed 
the  MMinnei'  of  ei«ll-nntrtthin  himI  advanced  the  opinion  tliat  in  order 
tu  ntitirlMh  a  cell,  the  nutritive  KuhMtaneo  must  enter  directly  into 
idnndeul  eiMnhiniilhin  with  somm'  elements  of  the  eel!  protoplasm. 
Tim  ureal  nuniher  and  variety  of  elienneal  sulistaiiees  which  act  as 
nutriment  led  Mni  to  Iwllcvc  that  the  hi^^hly  <*omplex  protoplasmic 
nioli'enh'M  ol'  i<i<IIm,w-(  re  nutde  tip  of  a  central  atont-tfroup  (Loistuni^- 
Km*tO  upon  whhdi  ii<'pended  the  speeialixed  activities  of  the  cell, 
iind  II  nmllliilti'lty  of  Nhh'  elmlim  (a  terra  bonourd  from  the  chem- 
Idtry  of  lliit  lienmol  Kroup).  hy  means  of  which  th"  cell  entered  into 
ehinnK*ttl  relutlun  with  food  and  other  suhstanccH  brought  to  it  by 
lite  eirenliilloii  If  we  illiistrnti'  tfraphieally  hy  the  elu'mieal  coneep- 
tjun  li'itin  whirh  the  Ifrni  wide  <'hain  was  borrowed,  in  salicylic  acid, 
the  fonnuU  iflven,  the  l)rnxol  rinjf  represents  the  **TjcisliuigH-Kern,'* 
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Nt'lk.  "lliii  »inmTiitnfn»rrl«rfahw  i\m  Orpro*-  •  Berlin,  HSO. 
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or  ittdit'lc,  wliile  COOll  and  Oil  arc  side  chains  by  means  of  which 
a  vui'ifty  uf  othiT  Hubstaiioi's  may  l>e  brought  into  rolatian  witii  tho 
*' radicle/*  for  instance,  aa  in  methyl  salicylate. 

OH 


CO2CH3 


Just  an  nutritions  substances  are  thii5  brought  into  workable 
relation  witli  the  cell  by  means  of  the  atom-groups  corresponding 
to  side  ciiains,  so  Khrlich  believes  toxins  exert  their  deleterious 
action  only  because  the  cells  possess  side  chains  by  means  of  which 
the  toxin  can  bo  chemically  bound.  These  side  chains,  Khrlich  in 
lus  later  work  calls  "receptors."  The  receptors  or  side  chains 
present  in  the  cells  and  possessing  by  chance  specific  affinity  for  a 


mmiiii//-  Toxin. 


— Aniifoxin 


Fio.  31. — Toxin  a.vu  Antitoxix. 


given  toxin,  arc.  by  their  union  with  toxin,  rendered  useless  for 
their  normal  physiological  function.  By  the  normal  reparative 
mechanism  of  the  body  these  rt-eeptors  are  probably  cast  off  and 
regenerated,  Reij^enerative  processes  of  the  Iwdv,  howevt  r.  do  not, 
as  a  rule,  stop  at  simple  replacement  of  lost  rlrmenls.  but,  aceording 
jto  the  hypothesJH  of  ^Vei^^crt."  UKiiallv  tftul  tit  ovri-cnuim-nsHtion. 
The   receptor?!  eliminated    by   toxin   nbsorplion   ar^^   notn   tl^''^''^^"*''\ 


jmpb"  reproduced  in  the  same  nnnntit^'  ''^  xvliifli  ihoy  nvo  lost.  Viiit 

are      l'epn)dlKM'd      in      eXCe^fl      y^     tin,      uimph.      pliycialnfri^nl      nn«>.tw     .->f 

the  jH'lL,   L!iUitjirnous  and  increasing  dosage  \v\\h  the  poison,  ennse- 


quently.    sooti    leads    to    sueTi    excessm    produetion    ot^    the    par- 
ijeular    receptive    atom- groups    tliat    TFie    cells    nrvoTveH    in    the 


«  Ifrigcrt,  VcrhAndl.  .1.  Qm.  Deiilsch.  Naturf.  u.  Aorrfe,  Frnnkfurt.  1896. 
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proceftM  beooroo  over3tookc<j  M\d  misj  ilipm  nff  to  circulate  freolv 
In  till'  bload.  These  frooly  cireulatinp'  reot^ptnrs — ptr^Tn-^fi^np^  im>i»h 
apccifR'  uffiiiity  for  Die  toxins  used  in  thfir  produtifiun — r^i^r^"^"^ 
th*.'  antitoxins.  Tl^enr-,  hy  unitini;  witli  the  ]>oison  before  it  can  reach 
llii^  seikHJ^ive  eells.  urevent  its  deleteri(ms  action. 

The  tiieory  of  IChrlieh.  in  brief,  tlien.  depends  upon  the  asfnung' 
lioiifi  that  toxin  and  antitoxin  enter  into  eheinieni  union,  that  ei 


toxin  possesscK  a  specific  atoni-(froup  by  means  of  whieh  Jt  is  bound 
to  a  pre-exiiiTing  side  chain  of  the  afTceted  cell,  and  tliat  these  side 
chains,  in  aeeurdanee  with  Weigert 's  law,  under  the  intluenee^f 
repeated J^oxin  stimulation,  are  eventually  overproduced  and  cast  o£F 
by  the  cell  inti*  thr  eireulation. 

It  Ktandft  to  reason  that  thia  theoretical  conception  would  be 
vastly  strengthened  were  it  possible  to  show  that  such  receptom  or 
toxin-bindinff  atom-groups  actually  pre-oxistei^  in  the  animal  body, 
and  BUeh  Kupport  was  indeed  given  by  ibe  experiments  of  Wasscr- 
maun  and  Takaki.'^  Those  obaerveni  auoceedcd  in  showing  thai 
tetanuH  toxin  could  be  rendered  innocuous  if.  before  injection  into 
aniraais.  it  was  thoroughly  mixed  with  a  sufficient  quantity  of  the 
fresh  brain  Kul>Ktnncc  of  giiinea-pigs.  Similar  observations  were  in- 
dependently made  by  Asakawa,"  and  variously  cojifirmed.  Kempner 
and  Schepilewsky^'  showed  a  similar  relation  to  exist  l>etween  brain 
tissue  and  botulismus  toxin,  and  Myers''*  brought  proof  of  analogous 
conditions  in  the  case  of  suprarenal  tissiie  and  cobra  poison. 


»  Wajutrtmann  una  Takaki,  Bcrl.  kUn.  WocU.,  18W. 
^Atokawa,  CVnt.  f.  Hakt.,  1898. 
"  Kf-mpHf-r  und  SchtjiilttPtikj/,  Zrii    t.  Hyg.,  ISflS. 
-Wycrj,  C«nt.  f.  Bftkt.,  i,  1«W. 
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without  injuring  tho  aniuial.  Ligature  o£  the  vein  after  bleediug 
is  iuiuece88ary. 

The  cylludcrs  and  Hasks  are  altowed  to  stand  for  two  or  tliree 
days  at  or  below  10°  ('.  At  the  end  of  tliis  time,  the  strum  may 
1m*  pipetted  or  siphoned  away  from  the  clol  and  stored  in  the 
refrigerator.  In  order  to  diminish  the  chances  of  contamiualiou, 
five-tenths  per  ernt  of  carbolic  acid  or  four-tenths  per  cent  of  tri- 
cresol may  l>c  added. 

Antitoxin  is  fairly  stable  and  if  kept  in  a  cool,  dark  place,  may 
rt^main  active,  with  but  sliglit  deterioration,  for  as  lon^j  an  a  year- 
Kept  in  a  dry  state,  in  vavuot  over  anhydrous  phosphoric  acid,  by 
the  method  of  Ehrlich,  it  retains  its  strejigth  indelinitely. 

Standardization. — Antitoxin  units  being  measuied  in  terms  of 
toxin,  uiiifonnly  of  measurement  necessitatoa  the  possession  by  the 
various  laboratories  of  a  uniform  toxin.  Antitoxin  being  more  stable 
than  toxin,  uniformity  of  toxin  is  obtained  by  means  of  a  standard 
antitoxin  distributed  from  a  central  laboratory.  This  was  first  done 
by  Elirlich  in  Germany,  and  is  now  done  for  the  United  States  by 
the  Public  Health  and  Marine  Hospital  Service  laboratories.  Bottles 
of  the  distrilinteil  antitoxin  arc  marked  with  the  number  of  units 
contained  in  each  c.c.  Dilutions  of  this  arc  mixed  ^dth  varying 
quantities  of  the  toxin  to  be  tested,  the  mixtures  are  allowed  to 
stand  for  15  minutes  to  permit  luiion  of  the  two  elements,  and 
injections  into  guinea-pigs  of  250  grams  weight  are  made.  Thus  the 
L«  dose  of  the  toxin  is  determined.  (The  L^  dose  |p.  260]  is  the 
jp^^ntitv  nf  pniwoii  pnt  nnly  sutTleient  to  neutralize  niu*  ftntitr>x^p 
ujiit/  hut  to  contain  an  excess  beyond  this  suffieient  to  kill  a  g-ninpn- 

\n^  of  250  prams  \\\  4  tn  r>  ilnys L^   is  ehosen  rather  than  L^,  the 

siaiplt'  neutralizing  do.se.  because  of  the  difference  between  toxins 
in  tlieir  contents  of  toxoid  and  toxon.") 

The  L^    dose  of  the   toxin  having  thus  Iwen   determined,   this 


'The  older  definition  of  a  unit  of  illphthprla  antitoxin  Is  tlie  quantity  uf  unti- 
toxin  sufficient  to  protect  a  i^uinea-pig  oi  2')0  grams  aj^ainst  100  timi'S  the  fatid 
dose  of  ilijjhlh(*ria  toxin.  This,  however,  hoKIs  true  only  if  we  nrc  dealing  with 
noiTiial  toxintt  and  antitoxins  a»  at  first  devtso'l  by  Behring.  In  th^  contlitions 
nnder  which  the  measurements  are  made  at  present.  howe\'er.  this  tlpQuition  n.usr 
bo  revised  as  foUows;  A  unit  of  antitoxin  is  that  amount  of  antitoxin  which 
wiU  save  the  life  of  n  gninea-pig  if  injeeted  togpthf*r  with  an  L  doae  of  the 
toxin. 

*Mad*enf  in  Kiaus  u.  Leraditi,  "  Uand^ncb,  * '  etc.,  1907. 
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by  chemicals  or  heat,  or  combined  with  antitoxin.  In  the  Pasteur 
Institute  in  PariSj  the  small  initial  dose  of  toxin  (0.5  c.c.)  is  mixed 
before  injection  with  an  equal  quantity  of  Lugol's  solution  (iodin- 
potasNinni  iodid  solution). 

Park*  advises  an  initial  dose  of  5,000  toxin  uiuts  (about  20  c.c. 
of  toxin)  combined  with  100  units  of  anlitnxin.  The  same  amount 
is  piveii  with  the  second  and  third  doses  of  toxin.  The  intervals 
are  from  five  days  to  a  week,  determined  by  complete  sul^sidenee  of 
the  reaction  (temperature).  The  doses  are  increased  until,  at  the 
end  of  two  or  three  months,  more  than  ten  times  the  original  dose 
ia  given  (50,000  units). 

Horses  vary  greatly  in  the  strength  of  antitoxin  which  they  will 
produce.  At  the  end  of  three  ur  four  months  in  favorable  animals 
one  cubic  centimeter  of  scrum  may  contain  250  to  800  antitoxin 
units.  Further  immunization  will  often  increase  the  antitoxin  out- 
put to  1,000  and  more  units  to  the  cubic  centimeter  of  serum.  Park 
status  that  none  of  the  horses  used  by  him  has  ever  yiehled  2.000 
units  to  the  cubic  centimeter.  The  same  wntcr  advises  a  three 
months'  period  of  rest  from  immunization  at  the  end  of  evci-j'  nine 
months.  Given  sueh  ri-sting  periods,  some  horses  have  continued 
to  furnish  high-grad*^  antitoxin  for  from  two  to  four  years. 
^  In  order  to  obtain  serum  from  hui-ses.  a  sharp  cannula  ia  in- 
troduced into  the  jugular  vein.  After  leadinj;  the  horse  into  a 
specially  constructed  st-all,  its  head  is  slightly  defieeted  and  pressure 
is  made  upon  the  jugular  veiu  below  the  point  into  which  the  needle 
is  to  be  plunged.  Compression  can  also  be  made  by  surrounding  the 
neck  of  the  horse  close  to  the  shouldeiti  witli  a  leather  strap  over 
ft  pad  laid  directly  upon  the  vein.  The  vein  becomes  visible  along 
the  lower  margin  of  the  neck  in  a  line  running  from  the  angle  of 
the  jaw  to  the  edge  of  the  scapula.  TUv.  skin,  of  eourHt*.  is  pn-viously 
shaved  and  sterilized.  The  cannula  is  then  plunged  into  the  vein, 
either  with  or  without  previous  ineision  through  th«'  skin,  and, 
through  a  stiiiK-  rubber  lube,  the  blood  is  allowed  to  flow  into  high 
class  cylinders  or  slanted  Erlenmeyer  flasks.  In  this  way,  large 
quantities  of  blond  may  Ik*  obtained  and.  according  to  Krpt7..*  as 
much  as  six  liters  may  be  taken  at  a  time  at  inffrvals  of  a  month, 


*Park,  loc.  cit.,  p.  212. 

•A'rrii,  in   "  HiutUb,  drr  Terhn.    ii.    Mi»th.   '1.   Imnitin.,"    Krnn?.   nml   Lnvatlili, 
rol.  it^  lt>08. 
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without  mjuring  the  aaiuiai.  Ligature  of  the  vein  alter  bk>ediu(< 
is  uuiiecessary. 

The  cylinders  and  llaaks  are  allowed  to  ataud  for  two  or  tlirce 
days  at  or  below  10"*  i\  At  tlit-  end  of  this  lime,  the-  serum  may 
be  pipetted  or  siphoned  away  from  the  elot  and  stored  in  the 
refrigerator.  In  order  to  diminitih  the  chances  of  contamination, 
five-tenthfi  per  eent  of  carbolic  acid  or  four-tenths  per  cent  of  tri- 
cresol may  be  added. 

Antitoxin  is  fairly  stable  and  if  kept  in  a  cool,  dark  place,  may 
remain  aetive,  with  but  slight  d<'terioratioji,  for  as  U»ng  as  a  year. 
K-opt  in  a  dry  state,  in  vacuo,  over  anhydrous  jiliosphorie  aei<l,  by 
the  method  of  Ehrlich,  it  retains  its  strength  indefinitely. 

Standardization. — Antitoxin  units  being  measured  in  terms  of 
toxin,  uniformly  of  measurement  necessitates  the  piisscssion  by  the 
various  laboratories  of  a  uniform  toxiu.  Antitoxin  being  more  at-ablc 
than  toxin,  uniformity  of  toxin  is  obtained  by  means  of  a  standard 
antitoxin  distributtd  from  a  central  laboratory.  This  was  iirst  done 
by  Ehrlich  in  (Jermauy,  and  is  now  done  for  the  United  States  by 
the  Public  Health  and  Marine  Hospital  Service  lalioratorics.  Hottles 
of  the  distributed  antitoxin  are  marked  with  the  number  of  units 
contained  in  each  c.c,  Pilutions  of  this  are  mixed  with  varying 
quantities  of  the  toxin  to  be  tested,  the  mixtures  are  allowed  to 
stand  for  15  minutes  to  permit  union  of  the  two  elements,  and 
injections  into  guinea-pigs  of  250  grams  weight  are  made.  Thus  the 
L,  dose  of  the  toxin  is  determined.  (The  L^  dose  (p.  260]  is  the 
_i|v   nf  p"^«On    not   only   sufliciont    to   neutralizr   one   niitit< 


quant: 


jiSdQ 


unit,''  }>ut  to  contain  an  excess  beyond  this  sufficient  to  kill  a  gniiipB- 

pij(  of  250  grains  in  4  in  r>  ilays L^   is  eliosen  rather  than  L^j,  the 

simple  neutralizing  dose,  because  of  the  diflPerence  between  toxins 
in  their  contents  of  toxoid  and  toxon.") 

The  L^    dose  of  the  toxin  ha^nng  tluis  been  determined,  this 


'The  oldpr  definition  of  a  unit  of  diphtheria  antitoxin  is  the  quftntity  of  anti- 
toxin siillicicnt  to  protect  a  flfuiuoa-pig  of  250  t^ranis  a^ftinst  100  times  the  fatal 
dosi'  of  diphtheria  tuxin.  This,  however,  holds  true  only  if  vre  are  dealing  nith 
normal  toxins  and  antitoxins  as  at  first  devtHo-l  by  Behrinf^.  In  thr  eonditionu 
tinder  which  thi>  inpasurementj  arc  made  nt  prcsfiit,  however,  thiif  dpfiniliun  n.nar 
be  revised  an  foUov.s:  A  unit  of  untitoxin  is  that  amount  of  antitoxin  which 
will  sure  the  life  of  a  giiinea-pig  if  injected  tf>g:ethfr  with  an  L^  done  of  the 
toxin, 

'Mtidjuii,  in  Kraua  u.  LevadUi,  **HBndl'ach,'*  ete,,  1907, 
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quantity  is  mbced  with  varying  dilutions  of  xhv  unknown  antitoxin.^ 
Thus,  given  an  antitoxin  in  which  300  to  400  units  to  the  c.c.  ore 
suspected,  dilutions  of  1:200,  1:260,  1:300,  etcv  are  made.  One 
c.c.  of  each  of  these  is  mixed  with  the  L^  dose  of  the  toxin,  and 
the  mixtures  arc  injected  into  guinea-pi^  ot  about  zou  grama^  it 
the  guinea-pig  receiving  L^  plus  the  1 :250  dilution  lives  and  the 
one  receiving  L^  plus  tlic  1:^00  atlution  dies  iu  the  pveu  time,  we 
know  that  the  unit  sought  nuiHt  lie  hctwci'ii  tliesij  two  vailin's^  and 
further  similar  cxpcnments  wall  easily  limit  it  more  exactly.  The 
p<m«il>ility  of  ^'|Tor  in  carrying  out  such  measurement  is  much 
diminislied  hy  the  use  of  larger  quantities  of  dilutions  hiirlRT  than. 
t,\\tifny  givpn      Fniir  Pf .  is  the  volume  USUallv  inii'^tijd 

Since  1902,  the  production  and  sale  of  diphtheria  antitoxin  lias 
been  regulated  by  law  in  the  United  States.  From  time  to  tirnc^ 
antitoxin  is  bought  in  the  open  market  and  examined  at  the  hygienic 
laboratories  of  the  United  States  Public  Health  and  Marine  Hospital 
Service.  Antitoxic  serum  which  contains  less  than  two  hundred 
units  to  each  cubic  centimeter  is  not  permitted  upon  the  market. 

In  a  previous  seel  ion  we  have  seen  that  Hiss  and  Atkinson"  and 
others  have  shown  an  increase  in  the  globulin  contents  of  blood 
serum  of  immunized  animals.  It  has  been  shown,  furthermore, 
that  the  precipitation  of  such  serum  with  ammonium  sulphate  car- 
ried down  in  the  globulin  precipitate  all  the  antitoxic  substances 
contained  in  the  serum.  Upon  a  basis  of  globulin  precipitation, 
Gibson"  has  recently  perfected  a  method  of  concentrating  and  puri- 
fying diphtheria  antitoxin  for  therapeutic  use.  This  procedure,  as 
carried  out  at  the  New  York  Department  of  Health,  is,  in  principle, 
as  follows: 

The  serum,  as  taken  from  the  horse,  is  heated  to  56**  C  for 
twelve  hours.  This  converts  about  half  of  the  pseudoglobulin  into 
cuglobulin.  the  antitoxin  remaining  in  the  pseudoglobulin  fraction."* 
It  is  then'*  precipitated  with  an  equal  volume  of  n  saturated  am- 
monium sulphate  solution.  After  two  hours,  the  precipitate  is  caught 
in  a  filter  and  redissnlved  in  a  quantity  of  water  corresponding  to 


^  Vdnitc,  "Die  Wcrthbem.  der  Heilsorn,' 

* Uiit*  and  AfKinjtou,  Jnur.  Exprr.  Mnd.,  v 

•OibMOM,  Jour,  ot  Biol.  Cbem.,  i,  i9im. 

*' Dr.  Banskaf,  pcrKinnl  romrounicatiuu. 

'*  GiftffOH  nntl  Cnrrimr.  Jotir.  of  Biol.  Chem.,  iii,  1907. 
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the  orig^l  quantity  of  scrum.  After  filtration,  this  solution  is 
again  precipitated  with  saturated  ammonium  sulphate  solution  and 
the  precipitate  again  filtered  off.  The  precipitate  is  then  treated 
with  8  saturated  solution  of  sodium  chloride  of  double  the  volume 
of  the  original  serum.  This  is  allowed  to  stand  for  about  twelve 
hours.  At  the  end  of  this  time  the  antitoxin-containing  globulin 
IS  in  solution  and  is  pipetted  away  from  the  precipitate  and  filtered. 
This  saltHBolution  extract  is  then  precipitated  with  twenty-five 
hundredths  per  cent  acetic  acid.  The  resulting  precipitate  of 
globulin  is  thoroughly  dried  by  pressure  between  filter  papers  and 
placed  in  a  parchment  dialyzcr.  Dialysis  with  running  water  is 
continued  for  seven  to  eight  days,  after  neutralization  with  sodium 
earbonate,  in  order  to  remove  the  sodium  ehloiide.  At  the  end  of 
this  time*  the  globulin  solution  remaining  in  the  dialyzer  is  filtered 
through  a  Berkefeld  candle  for  the  purpose  of  sterilization,  after 
the  addition  of  0.8  i>er  cent  sodium  chlorid.  According  to  Gibson, 
this  method  produces  a  yield  of  antitoxin  which  equals  about  four- 
fifths  of  the  original  quantity  but  is  concentrated  five-  to  seven-fold 
The  method  has  more  recently  been  modified  as  follows: 

After  heating  to  56°  C,  as  above,  and  cooling,  ammonium  sul- 
phate is  addtd  to  the  serum  to  thirty  per  cent  saturation.  This 
brings  down  all  the  euglobulins.  This  is  then  iiltt^rcd  and  the  filtrate, 
which  contains  the  pseudoglobulins  with  the  antitoxin,  is  again  pre- 
cipitated with  ammonium  sulphate  in  a  concentration  of  fifty-four 
per  cent  of  saturation.  The  precipitate  is  then  separated  on  a  paper, 
jyressed  to  dryness,  and  directly  dialyzed.^' 

Park  and  Thorne**  have  found  that  the  use  of  such  concentrated 
antitoxin  is,  therapeutically,  equally  efficient  as  the  unconcent rated, 
and  possesses  the  advantage  of  less  fr(>quently  giving  rise  to  the 
secondary  reactions  in  skin  and  mucous  membranes  occasionally 
noticed  after  the  use  of  ordinary  antitoxin,  and  referable,  probably, 
to  some  other  constituent  of  the  horse  serum. 

Diphtheria  antitoxin  is  therapeutically  used  in  doses  ranging 
from  3,000  to  20,000  units.  For  prophylactic  immunization  of  healthy 
individuals,  about  500  units  sliould  be  used. 

See  also  the  chapter  on  diphtheria  for  Schick  reaction  and  active 
inununization  with  toxin-antitoxin  mixtures. 


"ITr.  Bamhaf,  personal  conimimication. 

^Park  and  Thome,  Amer.  Jour.  Moil.  8fi.,  Xov.,  1906. 
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TETANUS  AlVTITOXIN 


Produotioii  of  TeU&ni  Antitoxin.— The  production  of  tetanus 
antitoxin  is,  in  every  way,  analogous  to  that  of  diphtheria  antitoxin. 
It  is  necessary  in  the  first  place  to  produce  a  powerful  tetanus  toxin. 
The  methods  of  procuring  this  will  be  discussed  in  the  section 
upon  tetanus  toxin.  Suffice  it  to  say  here  that  the  most  satis- 
factory method  of  obtaining  toxins  consists  in  cultivating  the  bacilli 
upon'  veal  broth  containing  five-tenths  per  cent  to  two  per  cent 
sodium  chlorid  and  one  per  cent  pepton.  It  has  been  advised,  also, 
that  the  broth  should  be  neutralized  by  means  of  magnesium  car- 
bonate rather  than  with  sodium  hydrate.  The  bacilli  are  cultivated 
for  eight  to  ten  days  at  incubator  temperature  and  the  broth  filtered 
rapidly  through  Berkefeld  filters.  The  toxin  may  be  preserved  in 
the  liquid  form  with  the  addition  of  five-tenths  per  cent  carbolic 
acid,  or  may  be  preserved  in  the  dry  state  after  precipitation  with 
ammonium  sulphate. 

It  is  necessary  to  determine  the  strength  of  the  poison.  This  is 
done  according  to  v.  Behring**  by  determining  the  smallest  amount  of 
toxin  which  will  kill  a  white  mouse  of  twenty  grams  weight  within 
four  days.  This  is  most  easily  done  by  making  dilutions  of  the  toxin 
ranging  from  1:100  to  1:1,000,  and  then  injecting  quantities  of 
0.1  c.c.  of  each  of  these  dilutions  subeutaneously  into  white  mice. 
In  this  way,  the  minimal  lethal  dose  is  ascertained. 

For  the  actual  production  of  antitoxin,  horses  have  been  generally 
found  to  be  the  most  favorable  animals.  The  horses  should  be 
healthy  and  from  Hve  to  seven  years  old.  The  first  injection  of 
toxin  administered  to  these  animals  should  be  attenuated  in  some 
way.  Various  methods  for  accomplishing  this  have  been  in  use.  In 
America,  the  first  injection  of  about  ten  to  twenty  thousand  minimal 
lethal  doses"  (for  mice  of  twenty  grams  weight)  is  usually  made 
subeutaneously  together  with  sufficient  antitoxin  to  neutralize  this 
quantity.  In  Germany,  v.  Behring  uses,  for  his  first  injection,  a 
much  larger  dose  of  toxin  to  which  about  0.25  per  cent  of  terchlorid 
of  iodin  has  been  added.  Immediately  after  an  injection,  the  animals 
will  usually  show  a  reaction  expressed  by  a  rise  of  temperature, 

»v.  Behring,  Zeit.  f.  Hyg.,  xii,  1892;  Deut,  med.  Woch.,  1900. 

"According  to  Park  the  "horBeK  receive  5  c.c.  as  the  initial  dow  of  a  loxiii 
of  which  1  c.p.  killft  2.50,000  grnm!i  of  jftiinea-pij?,  and  alonif  with  IhiH  n  siiniripnt 
^Tuiiint  of  antitoxin  to  neiitralix^  it." 
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refusal  of  .Food,  and  sometimes  muscular  twitching.  A  second  injec- 
tion fihould  nvvcr  l>c  givtMi  until  all  such  syniptonis  iiavo  eouipii'ti.'ly 
8ul>sided.  TluH  l>eing  the  cast^  after  Uvu  tu  viglii  days  double*  the 
original  dose  is  given  together  witli  a  lU'Utralizine:  amount  of  anli- 
tuxin  or  with  tht*  addition  of  terchlorid  of  iodin.  Agair.  after  live 
to  eight  daySf  a  largor  doKu  is  given  and  thereafter,  at  similar 
intervals,  the  quantity  of  toxin  is  rapidly  inereased.  In  Ameriea 
the  neutraJizing  antitoxin  is  omitted  ui'tiT  the  ttiird  or  fourth  injee- 
tion;  in  v.  Behring's  laboratory  the  quantity  of  terchlorid  of  iodin 
is  gradually  diminished.  The  increase  of  domige  is  often  eontroUed 
by  the  deterniiiiation  of  the  antitoxin  contents  of  the  animal's  blood 
scrum.  The  immunization  is  inereased  until  enonnous  dos**s  (501) 
c.c.)  of  a  \axin  in  whieh  the  minimal  lethal  dose  for  miet?  i.s  repre- 
sented by  O.OOOl  e.c,  or  less,  ia  borne  by  the  horse  without  apparent 
harm. 

Tlic  antitoxic  serum  is  then  obtained  by  bleeding  from  the  jugular 
vein,  as  in  the  ease  of  diphtheria  antitoxin.  It  may  be  preserved 
in  the  liquid  state  by  the  addition  of  five-tenths  per  eent  of  rarijolic 
aeid  or  four-tenths  per  cent  of  tricresol. 

Standardization. — The  universal  prophylaetii'  usr  ui*  ifiunus  anti- 
toxin ims,  as  in  the  ease  o£  diphtheria  antitoxhi,  neeessitattid  its 
standardization.  A  variety  of  metliods  are  in  use  in  different  parts 
of  the  M'orld,  In  the  following  description  the  Ameriean  method 
only  will  be  eonsidered  as  laid  down  under  the  law  of  July.  IdOS, 
and  based  upon  the  work  of  Rosenai;  and  Anderson'*  at  the  United 
States  Hygienic  Laboratories  at  Washington. 

In  eonjunetiou  with  a  eommittee  of  the  Soeiety  of  Ameriean 
Haeteriologists,  these  authors  have  defined  the  unit  of  tetanus  anti- 
toxin as  f«)llows: 

The  UJiit  shall  be  ten  times  the  least  amoiuit  of  serum  necessary 
save  the  life  of  a  350  gram  guinea-pig  for  ninety-six  hours  against 
the  official  ti'st  dose  of  standard  toxin.  Tlio  test  dosf  ('(uisi.sts  of 
100  minimal  lethal  doses  of  a  precipitated  toxin  i)reserved  under 
speeial  conditions  at  the  hygienie  laboratory  of  tltc  Public  Health 
and  Marine  Hospital  Ser\i«^e.  (Tin-  minimal  lethal  dose  is  in  Ihis 
case,  unlike  v.  Behring's  minimal  lethal  dose,  measured  not  against 

gram  mice,  hut  against  350  gi-ara  gninea-pigs.) 

In  the  actual  standardization  of  tetanus  antitoxin,  as  in  that  of 


^ Ronenau  anil  Anrierntm.  Pub.  Health' nn^l  ^fa^.  ITrwp.  Sriv     r. 
Bnll.  4;i,  1908. 
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diphtheria  antitoxin,  the  L+  dose  of  toxin  is  employed  The  L^ 
dose  is,  however,  in  this  case,  defined  as  the  smallest  quantity  of 
tetanus  toxin  that  will  neutralize  one-tenth  of  an  immunity  unit, 
plus  a  quantity  of  toxin  sufBcient  to  kill  a  350  gram  guinea-pig 
in  just  four  days.  At  the  Hygienic  Laboratory  at  Washington,  a 
standard  toxin  and  antitoxin  are  preserved  under  special  conditions, 
and  standard  toxin  and  antitoxin,  arbitrary  in  their  first  establish- 
ment, are  kept  constant  by  being  measured  against  each  other  from 
time  to  time.  In  measuring  the  antitoxic  serum  thus  preserved,  at 
the  Hygienic  Laboratory,  a  mixture  of  one-tenth  of  a  unit  of  anti- 
toxin and  100  minimal  lethal  doses  of  the  standard  toxin  must 
contain  just  enough  free  poison  to  kill  the  guinea-pig  in  four  days. 
This  L^  dose  of  the  standard  toxin  is  given  out  to  those  interested 
commercially  or  otherwise  in  the  production  of  antitoxin. 

In  measuring  an  unknown  antitoxic  serum  against  this  L^  dose 
of  toxin,  a  large  number  of  mixtures  are  made,  each  containing  the 
L^  dose  of  the  toxin  and  varjdng  quantities  of  the  antitoxin-  Dilu- 
tions must  always  be  made  with  0.85  per  cent  salt  solution  and  the 
total  quantity  injected  into  the  animals  should  always  be  brought  up 
to  4  c.c.  with  salt  solution  in  order  to  equalize  the  conditions  of 
concentration  and  pressure.  The  mixtures  are  then  kept  for  one 
hour  at  room  temperature  in  diffused  light.  After  this  they  are 
subcutaneously  injected  into  a  series  of  guinea-pigs  weighing  from 
800  to  400  grams.  The  following  example  of  a  test  is  taken  from 
the  article  by  Rosenau  and  Anderson  quoted  above. 
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In  this  series  the  guinea-pig,  receiving  0.0015  c.c.  of  the  antitoxin, 
died  in  approximately  four  days;  0.0015  c.c.  therefore  represents 
one-tenth  of  an  immunity  unit. 

In  therapeutically  employing  antitoxin  for  prophylactic  purposes, 
above  1,500  imits  should  b6  employed. 


CHAPTER  XV 

SENSITIZING    ANTIBODIES.      (PHENOMENA    OF   LYSIS,    AGGLUTINA- 
TION, PKECIPITATION,  ETC.) 

Alexin  aad  SenBi tiring  Antibodies. — In  the  immediately  preced- 
ing sections,  we  have  dealt  solely  with  immunity  as  it  occurs  where 
soluble  toxins  play  an  important  part  and  in  which  antitoxins  are 
developed  in  the  immunized  subject.  There  are  many  species  of 
pathogenic  bacteria,  however,  which  stimulate  the  production  of 
little  or  no  antitoxic  substance  when  introduced  into  animals,  and 
the  resistance  of  the  immunized  animal  can  not,  therefore,  be  ex- 
plained by  the  presence  of  antitoxin  in  the  blood. 

Y.  Fodor,^  Nuttall,'  Buchner,'  and  others  had  in  1886  and  the 
years  following,  carried  on  investigations  which  showed  that  norma] 
blood  serum  possessed  the  power  of  killing  certain  of  the  pathogenic 
bacteria.  Nuttall,  working  under  the  direction  of  Fliigge,  made 
the  important  discovery  that  this  bactericidal  power  became  grad- 
ually diminished  with  time,  and  could  be  experimentally  destroyed 
by  exposure  of  the  serum  to  a  temperature  of  56**  C.  for  one-half 
hour.  Buchner,  who  confirmed  and  extended  the  observations  of 
Nuttall,  called  this  thermolabile  substance  upon  which  the  bacteri- 
cidal character  of  the  serum  seemed  to  depend  " alexin.*' 

Oiir  knowledge  of  the  bactericidal  action  of  serum  was,  soon 
thereafter,  extensively  increased  by  the  discovery,  by  Pfeiffer  and 
Isaeff,*  that  cholera  spirilla  injected  into  the  peritoneal  cavity  of 
a  cholera-immune  guinea-pig  were  promptly  killed  and  almost  com- 
pletely dissolved.  The  same  phenomenon  could  be  observed  when 
the  spirilla,  mixed  with  fresh  immune  serum,  were  injected  into  the 
peritoneum  of  a  normal  guinea-pig. 

The  processes  observed  by  Pfeiffer  as  taking  place  intraperi- 

» «.  Fodor,  Deut.  med.  Woch.,  1886. 

*  Nuttall,  Zeit.  f.  Ujg,,  1886. 

*Buckner,  Cent.  f.  Bakt.,  1889. 

*Pf^^  «nd  Igaeff,  Zeit.  f.  Hyg.,  1894.  , 
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toneally  were  soon  shown  by  Metchnikoff,''  Bordet,"  and  others  to 
take  place,  though  to  a  lesser  extent,  in  vitro.  Bordet^  furthermore, 
observed  that  the  bacteriolytie  digestivp  pnwftr  nf  such  im^i^^^nf  Hf^'^^r 
when  destroyed  by  heating,  or  after  being  attenuated  bv  ti^e,  could 
hfi  rpHtnrnfl  hy  fho  nflf^itinn  fn  U,  {fl  flmqll  quantities  of  normal  blood 
serum.  It  could,  in  other  words,  be  '* reactivated"  by  normal  scrum. 
From  this  observation  Hordet  drew  the  conclusion  that  the  bacteri- 
cidal or  bacteriolytic  action  of  the  serum  depended  upon  two  distinct 
substancas.  The  one  present  in  normal  senim  and  thermolabile,  he 
conceived  to  be  identical  with  Buchncr's  alexin.  The  other,  more 
stable,  produced  or  at  least  increased  in  the  stn'um  by  tlie  proei*ss 
of  immunization,  he  called  the  "sensitizing  substance."  This  sub- 
stance, he  believed,  acting  upon  the  bacterial  cdls^  rendered  „tbeBi 
Yulnerablq  t9  ^hn  Action  of  tlie  alexin.  Without  the  previous  prepara- 
tory action  of  the  "sensitizing  substance"  the  alexin  was  unable 
to  act.  Without  the  cooperation  of  alexin,  the  "sensitizing  sub- 
stance" produced  no  visible  effects. 

. .  Bordet's  interpretation  of  the  phenomenon  of  lysis  differs  essen- 
tially from  that  of  Khrlich,  in  that  both  active  serum  components  are 
conceived  by  him,  thougli  independent,  to  act  directly  upon  the 
bacterial  cell.  A  few  years  later,  Bordet  was  able  to  show  that 
exactly  analogous  conditions  governed  the  phenomenon  known  as 
"hemolysis"  or  disintegration  of  red  blood  cells. 

It  had  been  known  for  many  years  that  in  the  transfusion  of 
blood  from  an  animal  of  one  species  into  an  animal  of  another 
species,  injury  was  done  to  the  red  corpuscles  which  were  intro- 
duced. Observed  in  the  test  tube,  the  red  cells  in  the  heterologous 
serum  were  seen  to  give  up  their  hemoglobin  in  the  fluid,  the  mix- 
ture taking  on  the  red  transparency  characteristic  of  what  is  known 
as  "laked"  blood.  Buchner,^  in  his  alexin  studies,  had  shown  that 
the  blood-cell  destroying  action  of  the  normal  serum  was  subject 
to  th(^  same  laws  as  the  bactericidal  power  of  similar  serum,  in 
that  it  was  destroyed  by  heating,  and  he  assumed  that  both  the 
bacteriolytic  and  the  hemolytic  action  of  normal-serum  were  due  to 
the  same  "alexin."  Metchnikoff,'  moreover,  had  pointed  out  the 
striking  analogy  between  the  two  phenomena  as  early  as  1889. 

^Metchnikof.  Ann.  de  I'inst.  Paftteur,  18fl5. 

^Bordet,  ibid.,  1895. 

'  Ttuchuer,  Arch.  f.  Hyff.,  xvii,  1893;  Waremberg,  Arch.  d.  m€d.  exper.,  1891. 

*  Mctchnikojf,  Ann.  ih  I'lnat.  Pasteur,  1889. 
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Bordet'  now  obsei-ved  that  the  blood  seruni  of  ^nea-pigs 
previously  treated  with  the  defihrinatod  blood  ot*  rabbits  drvi'lojK'd 
marked   powers  of   dissolving  rabbits'   corpuscicH,   and   that   thiH 

rhemolytic   aetion   conld   Ik*   dentroyrd    by   heatini^   Xt>   56"   <'.,   but 
*'n*aetivatt'd"  by  tho  addition  of  fiMsb  nornml  Kcruni.     He  had  thus 

•produced  an  immune  liemolysin,  just  a»  Pfeiffer  had  produced  im- 

-limno  bactenolysin.  and  had  demonstrated  the  complete  parallclLsra 

^whi('h  vxistrd  btftW4*oii  the  two  phonomena. 

^       A  practical  test-tube  method  was  thus  given  for  the  investigation 
of  the   l>'sins,  just   as  a  practical   test-tube  method   for  antitoxin 

tresearches  had  been  developed  by  Ehrlieh  in  his  ricin-antiricin  ex- 
periments. 

The  path  of  investipation  thus  pointed  out  by  Hordct  was  soon 
explored  in  gi'cater  detail  by  P^lirlieh  and  Morgenroth.'"  The  rea- 
soning which  Ehrlieh  had  applied  in  explaining  the  production  of 
antitoxins  was  thought,  by  these  observers,  to  be  equally  applicable 
to  the  phenomena  of  bacteriolysis  and  hemolysis. 

Since  the  thern\olabi!e  substance  or  alexin,  renamed  by  Ehrlieh 
*' complement/'  was  already  present  in  nurinaLiiiimin  mui  had  hoeTi 
shown  to  be  little,  if  at  all,  inereased  during  the  proeess  of  im- 
munization, this  substance  eould  have  but  little  relation  to  tho 
changes  taking  place  in  the  animal  body  as  immunity  was  aef|uired. 
Tho  more  stable  serum-eomponcnt,  buwever,  the  *'substauee  sen- 
sibilisatrice"  of  Bordet,  or,  as  Ehrlieh  now  called  it,  the  *' immune 
body.*'  was  the  one  which  seemed  specifieally  called  forth  by  the 
process  of  active  immuniy.ation.  Ehrlieh  argued,  therefore,  that 
when  bacteria  or  blood  cells  were  injected  into  the  animal,  certain 
atom-groups  or  chemical  components  of  the  injected  8ul>stanccs  were 
united  to  other  atom-groups  or  '*sidc  chains"  of  the  protoplasm 
of  the  tissue  cells.  Tj^esc  **ku\p  r-bftins^*  or  reccntors^  then  repro- 
dnced  in  ''^CfrlH  fl'Ml  fi^^Hy  thrown  free  into  the  circulation,  con- 
stituted the  *'imnuuu'  body/'  Tbe  imnmne  l>ody,  therefore,  he  eo.n- 
cluded,  must  possess  atom  complexes  which  endow  it  with  sj>ecific_ 
chemical  affinity  for  the  l}acteria  or  red  blood  ^ciilla,uscd_Jn_it8 
pfoduclgon.  This  contention  was  supported  by  Ehrlieh  and  Mor- 
•genroth  by  an  ingenious  series  of  expenments. 

Having  in  their  possession,  at  that  time,  the  blood  serum  of  a 


'Bordctf  Ann.  6t  I'inBt.  Pasteur,  t.  xii,  1898. 
^Ehrlieh  iinrt  \forffenroth,  Berl.  klin.  Woeb.,  1.  18d9. 


ol  A  sheep,  they  inac- 

-.  jr^icittt)  by  heating  to  56° 

'4M  'Nidbstance  seiisibilisatrice" 

..f^  arnun  they  added  sheep  ^» 

ti.4ysis.     Having  left  the  in- 

t'ontact  with  each  other 

^^.   .iUirifugalization.     To  the 

dM«p-blood   corpuscles   and 

ftiUBd  that  wo  hemolysis  took 

-  xA  typairntl;'  gone  out  of  the  serum. 

.  <Mtttatl  with  the  senim  and  separated 

m  '■wAti!  in  si^t  solution  and  to  them 

I  fom  «l  fresh  normal  serum.    Ilemolysis 


»ip4yC«U 


\\K\V«'-*-tv'N    "V   CRLL-RBCItrrORS,    GIVINO    RiAR   TO    iMUtTKC 
BODIKS. 


k  ^90^  ytWto.  therefore,   that   the  immune  body  of  the 
^yytffi  \0X  g^^iH*  uut  uf  solution  and  had  beuoine  attaclied 
TIV  ^1^  ^^  «r,  tts  fihrlich  expressed  it,  the  immune  body 
ul  ifttt  **|fc^40phore**  atom-group  had  become  united  to  the 
1%^  CMHtTMt  to  this,  if  normal  goat  serum   (containing 
,^Y^  wiut  added  to  sheep  corpuscles  and  separated  again 
'^^MKlAt^^*   *'i^'  supernatant   fluid   wtts   found   to  bo  still 
4^^^^   ^  W»<Wliv«ling  iiuiclivated  serum   (immune  body).     This  he 
j»Mtux>^^  *»  proving  that  the  complement  was  not  bound  to  the 

h  fV  '^'^^    ::iclor8  concerned — corpuscles,  immune  body,  and 
«1     wore  mixed  and  the  mixture  kept  at  0"  C,  no  hemolysis 
«.  y^t,  oentriftigalized  at   this  temperature,  immune  body 

%,,»  .,-u..sl  to  have  become  bound  to  the  corpuscles,  the  complement 
ty^ms^s^tsM  tt\'^  in  the  supernatant  fluid.  If  the  same  mixture,  how- 
tWtv  WM  expiwed  to  37*  C,  hemolysis  promptly  occurred. 
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From  this,  Ehrlich  conclnded  that  complement  did  not  directly 
combine  willi  the  eorpusolfs,  hut  did  so  thi'oUKh  tht;  iiiterventiuii  of 
the  immune  body.  This  immune  body,  lie  reasoned,  possessed  two 
distinct  atom-groups  or  haptophores;  one,  the  cytophile  haptophore 
group,  with  strong  affinity  for  the  red  blood  cell;  the  other,  or 
complemeutophile  haptophore  group,  with  weaker  avidity  for  the 
complement.  Because  of  this  double  combining  power,  Ehrlich 
speaks  of  the  immune  body  as  *'aml>oceptor."  These  views  are 
graphically  represented  in  Figs.  132  and  133. 

Thus,  according  to  Ehrlich  and  his  pupils  the  alexin,  or  comple- 
ments, acts  upon  the  antigen  indirectly  only  through  the  '*zwiaL*hen- 
koerpcr'*  or  ''amboceptor."  These  views  of  Ehrlich  have  been 
described  in  more  or  less  detail  because  they  form  an  excellent 


C*tl  used  fdr  rmmuntsln^ 

Fio.  33. — CoupLEMENT,  Ambockptoh  or  bonrNK  Boot,  and  Antiogn  oa 

Immukizing  Subhtance. 


Introduction  to  a  study  of  these  phenomena.  We  do  not  believe, 
however,  that  they  are  tenable  at  the  present  time.  It  was  Bordet 
particularly  Avho  has  pointed  out  many  of  the  uncertainties  of  the 
amboceptor  point  of  v-iew.  The  only  thing  tliat  we  can  say  with 
certainty  is  that  alexin  or  comoKment  do  not  go  intn  ly^jftp  with 
the  uusensitized  antigen,  but  that  thn  ft«*tin»  nf  tho.  alp^in  npn u 
the  antigen  is  made  possibl*^  nnly  t^y  pr»nnii»^fy  p/^t^nitwation.  or, 
in  other  words,  by  union  with  the  spnoifif  nntih^^jy  This  complex 
then  is  amenable  to  alexin  action.  It  is  neither  necessary,  nor  is 
it  justifiable  on  the  basis  of  experimental  fact,  to  assume  that  the 
sensitizing  antibody  is  an  amboceptor  or  a  sort  of  bridge  between 
the  antigen  and  the  alexin.  The  difference  is  a  fundamental  one, 
and  all  the  facts  arc  on  the  side  of  the  Bordet  view,  as  far  as  we 
can  see.  It  is  l>etter  to  refer  tu  the  substanees  involved  as  sensitizer 
and  alexin,  instead  of  as  amboceptor  and  eomplement.    As  we  shall 
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MC  we  IhI'         'it  the ^uaitizixifiJJllibQdyj  whether  in   T^    -     «c3b 

oflvBis,  i!^:^  tioa,  precipitation,  etc.,  is  in  all  eat.*  .nm 

substance. 

Agglutination. — Although  Metchiiikoff''  and  Charriii  ft'nd  Roger*' 
had  iioti'-rd  poc-idlaritirH  in  th**  growth  of  l>aeteria  when  cultivated 
in  immune  sera,  whieh  were  ujiqnestionably  due  to  agQ:lutination, 
Ihr  first  n^cognition  of  the  agglutination  reaction  a.s  a  separate 
function  of  immune  sera  was  the  acliievement  of  Gruber  and  Dur- 
ham. While  investigating  the  Pfeiffor  reaction  with  B.  coli  and 
the  cholera  vibrio,  Gruber  and  Durham"  noticed  that  if  the  respec- 
tive immune  sera  were  added  to  bouillon  cultures  of  these  two 
species,  the  enltures  would  lose  their  turbidity  antl  flake-like  clumps 
would  sink  to  th«  bottom  of  the  tube,  tlie  supernatant  fluid  becom- 
ing clear.  Qrubcr,  at  jhe  same  t^me,  caUed  attention  to  the  fact 
that  immixne  sera  would  affect  iu  this  way  not  only  the  microor- 
ganism used  j^n_  their  production,  but,  to  8  less  energetic  extent, 
otjier  closely  related^bacteriaas  well. 

Widal,  very  soon  after  0  ruber  and  Durham  *s  announcement, 
applied  the  agglutination  reaction  to  the  practical  diagnosis  of 
typhoid  fever,  finding  tlmt  the  serum  of  patients  afflicted  with  this 
(liKcase  showed  agglutinating  power  over  the  typhoid  bacillus  at 
early  stages  in  the  course  iif  the  fever.  The  reaction,  thus  practically 
applied  to  clinical  diagnosis,  was  soon  shown  to  be  of  gi'eat  im- 
|>ortance  in  its  bearing  on  haetoriologieal  species  differentiation. 
Since  animals  immuniied  against  a^defimte  species  of  bacteria  .ae- 
guire  in  their  sera  specific  agglutinating  p(»wer8  for  these  bacteria 
and  at  best  only  slight  agglutinating  powers  foj^ther  spccieSj  im- 
mune  ^<  r;i  ;in  be  used  extensively  in  differentiating  l)etween  bac- 
terial varieties. 

Agglutination  may  be  observed  microscopically  or  macroscopic- 
ally.  Bacteria  brought  inti)  contact  with  agglutinating  serum  in 
the  hanging  drop  rapidly  lose  their  motility,  if  motile,  as  in  the 
ease  nf  typhoid  bacilli,  and  gather  together  in  small  clumps  or 
maMKcs.  The  mieroseopic  picture  is  striking  and  easily  recognized 
:in<l  thi*  renetinn  takes  place  with  varying  speed  and  completeness, 
according  to  the  strength  of  the  n^^lutinating  scrum. 


i 


"  .Vrli'AftiXn^.  '*Khiili«  fiur  rimmanilj,"  IV  Memoir,  181II. 
f-  '^Chtrrrin  i»t  K'lf/rr,  Ctitnpt,  mn1.  ile  la  ftiw.',  ile  blol..  1880. 
'^^iirnbir  till. I  Ihirham,  Mrimh,  iim'-I.  Worli,,  lHi*il. 
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As  the  reaction  upprouches  coniplotencss,  llie  clumps  grow  larger, 
individual  mioroorjraniKms  become  more  and  more  Hcarcc,  finally 
leaving  the  incdinni  lH*tw<'cii  rhimps  nitiri'ly  clciir.  Wliili*  tlu*  clump- 
ing ot*  H  motilr  organism  snggt'sTs  that  motility  has  Komcthing  to 
do  with  The  coming  together  in  clumps,  it  nevertheless  has  no  rela- 
tion whatever  to  agglutination,  motile  and  non-raotile  orgnnismH 
alike  being  subject  to  the  reaction. 

Macroscopically  observed,  in  small  test  tubes  or  capillary  tubes, 
agglutination  evidences  itself  by  the  formulion  of  fiake-likc  masses 
u'luch  settle  into  irregular  heaps  at  the  bottom,  leaving  the  super- 
natant fluid  dear,  in  distinct  contragt  to  the  even  flat  sediment  and 
the  clouded  supernatant  iluid  of  the  control.    Maeroscopically,  too, 


Fig.  34. — Microscopic  AaoLPTiNATiON  Reaction 


agglutination  is  evidenced  when  bacteria  arc  grown  in  broth  to 
which  immune  serum  has  been  added.  Instead  of  evenly  clouding 
the  broth,  the  microorganisms  develop  in  clumps  or  chains. 

Another  phenomenon  probably  produced  by  agglutinins  is  the 
so-called  **thrcad-reaction*'  of  Pfaundlcr.'*  This  consists  in  the 
formation  of  long  convoluted  threads  of  bacterial  growth  in  the 
hanging  drop  of  dilate  iminimr  scrum  nftur  twenty-four  houi-s.  Very 
strict  speciticity  is  attril*nted  to  this  reaction  l)y  Pfaimdler. 

Agglutinins  act  upon  dead  as  well  as  upon  living^bacteri^,  For 
the  microscopic  tests  bactei-ial  emulsions  killed  by  formalin  were 
introduced  by  Neissen 

Ficker"  has  recently  succeeded  in  preparing  an  emulsion  of 


*^yickrr.  BcH.  klin.  Wooh..  IBO.t. 
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typhoid  bacilli,  which  is  permanent  and  may  ha  kepi  indefinitely, 
and  may  be  employed  for  maoruHcopic  aKM^hilumtions.*^ 

Attention  hus  been  railed  i)>'  variims  u'orkecs  to  a  source  of 
error  in  all  tlirso  methods,  known  as  psen  do-el  limping.*'  The  causes 
for  such  clumping:  not  due  to  aK^glutiiiins  seem  to  lie  in  the  presence 
of  blood   cells  in  the  scrum  or  excessive  acidity  of  the  culture 


Fio.  35. — Machoscopic  Aoouiti nation.  Dilntioiis  frnm  1  to  H»  in  Ui  1  to  1,000. 
The  first  tul*e  rotituma  u  i  :  20  rontml  with  the  Imcn'riH  iinfl  iitirnml  scnim 
AggluUnution  oompleto  in  the  tubes  mitrkcKl  10,  20,  50,  100. 

mediiun.'*  In  fact,  agglutination  of  bacteria  by  acids  in  definite 
roncentralion  can  ho  carried  out  «nd  seems  to  depend  directly  upon 
the  hydrogen  ion  concentration. 

While  the  microscopic  methods  are  more  suitable  for  clinical- 


"Bxacl  method  of  production  of  **Fieker*ii  Olagnostlrinn * '  is  a  proprietary 
4ecrci. 

"  Sataf/e,  Jo.ir,  of  VatU.  ami  Ract.,  IIHU. 

**Bifff/ii  una  Pork,  Aiitrr.  J«ur.  uf  Mi?d.  Sci^   1897;  Btock,  Brit.  MotL  Jour, 
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diafirnustic  purposos,  bccaxtsc  of  the  smaller  amounts  of  blood  re- 
quired. tli<*  niacwseopic  tests  arc  far  preferable  for  tl»c  purposes 
of  haeterial  (lifTereiitiatiou  and  research.  Oreater  exactitude  of 
dilution  is  possible  when  dealing  mth  larger  quantities;  mierosoopic 
unevennesa  in  the  baetcrinl  enuilsion  does  not  become  a  sonree  of 
error;  and  positive  and  negative  reactions  are  more  sharply  defined. 
Nature  of  Agglutinins. — Gruber  and  Durham,*'  the  discoverers 
of  a^Kltitiuins,  ut  tirst  advanced  the  opinion  that  the  agKbUinina 
were  identical  with  the  immune  body  concenu»d  in  the  Pfeiffer 
reaction,  which  by  injuring  the  bacteria  rendered  them  susceptible 
to  the  alexins.  Pfeifter-*'  and  Kolle"'  claimed,  however,  that  by  the 
addition  of  cholera  vibrio  to  immune  serum,  the  aKglutinms  could 
be  completely  absorbed,  or  used  up,  while  bacteriolytic  substances 
still  remained.  The  same  authors  demonstrated  that  immune  scrum, 
preser^'cd  for  several  months,  would  lose  its  agglutinins  without  a 
corresponding  loss  of  bacteriol>'tic  power.  It  has  also  been  shown 
since  tht-n,  by  these  and  other  authors,  that  the  agglutinins  and 
the  bactericidal  substances  nre  in  no  way  parallel  in  their  dfveloD- 
mi'ut,  and  that  strongly  agglutinating  sera  may  be  extremely  weak 
in  bactericidal  stiltstanoes  and  vice  versa.  We  ouraelves  are  uot  at 
all  snre  that  this  proves  sufficiently  that  agglutinins  and  l»aeteriolysina 
are  distinct  substances.  There  are  many  reasons  to  believe  that 
it  requires  a  considerably  more  powerful  sensitization  to  produce 
agglutination  than  it  does  to  make  an  antigen  amenable  to  alexin 
action,  or  the  action  of  leucocytes,  and  also  the  actual  agglutinatiou 
or  clumping  depends  upon  environmental  conditions  in  which  vis- 
^cosity  of  the  menstruum,  the  presence  of  electrolytes,  and  perhaps 

ilso  the  condition  of  the  antiI)ody  in  the  serum,  namely,  whether 
or  not  it  is  relatively  free  or  is  bound  up  with  serum  proteins,  play 
a  part.  Bordet_has  shown  very  definitely  that  chimping  does  not 
t^ake  place  without  the  presence  of  clectrolytefT  If  bacteria  are 
sensitizes  heavily.  _pr.  in  other  words/ all6we?l"t0^bsorb^  antibody, 
^d_then  w^hcd  and  resunpended  in  disjilled  water,  they  do  not 

agglutinate.  A  small  amount  of  sail  aolnlioji.  atldcd  Jo  such  a 
tnre^  brings  about  rapid  agglutinatioiL  In  this,  as  well  as  in 
the  phenomena  of  acid  agglutination,  the  clumping  of  the  bacteria 


»  Loe.  cit. 

"Pfeiffrr,  Deut.  meO.  Woch.,  1890. 

"  Pftiffer  iin.I  Kolh.  Ont.  f.  Bakt.,  xx.  18W. 
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is  entirely  analogous  to  the  dumping  of  colloidal  suspensions  of 
any  kindj  and  if  we  consider  that  liacterial  suspciiaious  are  in.  luauy 
other  respects  similar  to  colloidal  suspcMisious,  namely,  in  their 
negative  charge  and  their  wandering  to  the  positive  pole  in  neutral 
solutions^  in  kataphoresis  experiments,  it  becomes  apparent  that  the 
actual  clumping  or  agglutiimtion  is  a  purely  physical  phenomenon, 
determined  hy  the  eoiloidal  equilibrium  of  the  bacteria  in  suspension. 

Altogether,  we  ourselves  are  inclined  to  regard  the  so-called 
aggUitinins  as  identical  with  othtr  sensitizers,  and  the  actual  clump- 
ing UK  u  colloidal  j}reeipitution  of  organisms  that  have  Ix'cn  altered 
in  their  suspension  equilibrium  as  a  result  of  the  luiion  with  the 
antibodies  together  with  stime  serum  protein. 

Agglutinated  bacteria'^  are  not  killed  by  the  act  of  agglutination 
njid  fl''"  '■^^**'H  ft^  virulent  as  non-agglutinated  cultures.  Metchnikoff 
assigned  to  thi-m  a  secondary  role  in  relation  to  protection,  but 
it  is  quite  likely  frora  more  recent  observations,  that  they  do  par- 
ticipate distinrtly  in  the  protective  mechanism.  Recent  work  by 
Bull  seems  ti>  intlicatc  that  bacteria  are  agglutinated  in  vivo  as  a 
sort  of  preliminary  step  to  phagocytosis. 

The  atrirlutinitis.  furthermore,  uidike  the  Ijaetericidal  sulmtanoea 
in  sera,  remain  active  after  exposure  to  temperatures  of  over  55"  C, 
some  of  them  witbstnndintf  even  65^  to  70",  and  can  not  be  reac- 
tivated  by  the  subse<iuent  addition  of  normal  scrum.  These  facts 
definitely  preckule  the  partieipation  in  the  reaction  of  the  alexiu 
or  comuk^ment. 

PlDduction  of  Agglutinins. — Just  as  normal  sera  contain  small 
quantities  of  bacterieidal  substances,  so  do  thev  contain  airirlutinins 
in  small  amount.  In  a  general  way  these  **normal  agghitinins" 
have  the  same  nature  as  the  imnnn»e  agglutinins,  and  their  prtscnee 
is  probably  traceuble  to  the  various  microorganisms  parasitic  upon 
the  human  and  animal  body. 

As  a  matttT  of  fact,  the  blood  serum  of  new-born  guinea-pigs 
hardly  ever  contains  agglutinin  for  H.  coli,  while  that  of  adults 
acts  upon  these  bacilli  in  dilutions  of  1:20."  Similarly,  infants 
fthow  lower  normal  agglutinating  values  than  adults." 

Agglutioina  luay  be  produced  in  ih^  aera  of  animals  by  the  intro- 


"Jdesnilf  Ann.  de  Tinst.  Pasteur,  1898. 
"ifrtfiM  unrl  Lifv\  Gesell.  «].  Aerzto,  Wien,  1H(»9. 
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duction  of  miproorganismB  aubcutanoously,  int ravenously,  or  intra- 
pcritoneally.  The  intravenous  method  seems  to  give  the  most 
abundant  and  specHly  rosultsT^  The  formFtliou  nf  nggliilinins  is  a 
reaetion  to  tlie  body  substnnt-cs  ofihe  hacteria  thcinsrlvrs,  r.itiU'r  tlian 
>to  their  toxic  procluitH.  Thus  agglutinins  are  prorhiecd  in  response 
to  the  introduction  of  <i<~id  bactrria  and  sohibic  cxtr;irt.s  o\'  cultures. 
T^athogenieity^"  does  not  intiucnce  agglutinin  formation  to  any  ^roni 
extent,  non-pathogenic  as  well  as  pathogenic  giving  rise  to  these 
.ftubstanecK  in  serum.  As  a  rule,  however^  agglutinins  are  more 
easily  produced  against  a  virulent  than  against  fully  virulent  strains 
of  bacteria  of  the  same  species. 

Agglutinins  can  be  produectl  with  all  the  known  bacteria,  but 
great  difficulty  may  Im?  expenonced  in  procbicing  them  with  cap- 
sulated  organisms  such  as  the  pneumoeoeens  niucosum  stkI  the  Fried- 
lander  bacillus,  since  the  capsule  seems  to  insulate  such  bacteria 
against  reactions  with  serum.  It  is  possible  to  agglutinate  such 
capsulated  bacteria  often  only  by  the  method  of  Porges,  the  pre- 
liminary destruction  of  the  capsule  with  weak  acid  and  heat.  As 
a  rule,  the  agglutinins  appear  in  the  blood  of  animals  three  to  six 
days  after  the  introduction  of  haetoria.  From  the  third  to  the  sixth 
day  they  rapidly  increase  to  a  maximum  at  the  seventh  to  thirteenth 
■day.  They  then  fall  off  rapidly  imtil  they  reach  a  level  at  wliich 
they  remain  for  a  long  i>eriod  without  very  considerable  change. 
Curves  to  illustrate  these  phases  have  been  constructed  by  Jorgensen 
and  Madsen." 

The  Reaction  between  Agglutinin  and  Agglutinin-Stimulating 
Substances  [AggluUitogm). — The  i'aot  th^i^  Htyjyliiiinin  cmm  !»'  rcfrmvrj 

from,  or  ahsOrbo<l  mi^  nf_  cr^mm  hy  ihn  ^]./.i.;ri/.  hui-illi  ulnf.|>  tiQv^  1/^(1 
to  its  formation  indicates  that  there  is;  in  iho  i]y\  nf  n j-trhitinntinit 
a  combination  between  the  nf^^glntiniTi  ami  ihi.  app-l^^^jpifi. stimulating 
substance  (a^^^Iutinog_en).  It  is  likely  that  this  combination  is  of 
a  chemical  nature,  since,  as  we  have  mentioned,  agglutinins  result 
from  the  injection  of  bacterial  extracts  as  well  as  from  the  intro- 
duction of  living  bacteria.  The  probability  thai  the  process  follows 
chemical  laws  of  combination  is  furthermore  strengthened  by  the 
work  of  Joos"  and  others,  who  have  demonstrated  that   definite 


^Tloffmann,  Hyg.    Rundschau,   1903. 

^NicoUr,  Ann.  do  I'inat.  Pasteur,  1898, 

^Jorgensen  and  Idadsen,  Frstsohrift,  Ko[>onhagcn,  1902. 
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quantitative  rflaiioiis  fxist  between  the  agglutinin-stimnlnting  sub" 
stauecs  antl  the  aggliitinina.  Every  agglutination  ronftion,  thcre- 
fore,  will  vary  in  its  degi'fp  of  conipU*l<.*ness  with  the  (jiiantities  of 
agglutinin  and  agglutinogen,  a  fact  Avhieh  niulces  it  necessary,  es- 
pecially for  clinical  testft,  to  preserve  a  certain  mnformity  in  the 
quantity  and  density  of  the  bacterial  culture  or  emulsion  employed. 

Specificity. — From  the  very  iH-tfiinnna.  <!ruber  and  Durham" 
had  claimed  specificity  for  the  agglntin"**""  ^VBrlJl^T'i  "'"^  "■  *■'"" 
sense  it  was  fliuicuUy  utilized  by  Widal  for  tlie  diagnosis  of  typlioid 
fever.  It  was  iioticd,  hoM'CVrr.  even  by  these  eaviii'st  workers. 
that  the  senim  of  an  animal  immunized  against  one  microorganism 
would  often  agglutinate,  to  a  less  potent  dt'gree.  other  closely  .re- 
lated H]>eeics.  Tims,  the  serntu  of  a  typhoid-irnnnnu'  animal  may 
agglutinaie  the  typhoid  bacillus  in  dilutions  of  1:1,000.  and  the 
colon  bacillus  in  dilutions  as  high  as  1:200;  while  the  agglutinating 
power  of  normal  serum  for  the  col<»n  bacillus  rarely  exeerLls  1:20. 
The  specificity  of  the  reaction  for  practical  purposes,  thus,  is  not 
destroyed  if  proper  dilutions  is  carried  out,  the  degi*ee  of  agglutinin 
formation  being  always  tar  higher  for  the  specific  organism  used 
in  immunization  than  it  is  for  allied  organisms.  The  speeifle  in]nr'"^- 
agglutinin  in  such  exnerinu^nts  is  sm.'kcn  ^^f  ns  flte  chief  ji^^lntinin 
(hauptagfglutinin),  and  the  agglutinins  formed  parallel  -with  it,  as 
the  partial  a|<glntimn  (metagglutinin)^  terms  introduced  by  Wa«- 
sermann.  Hiss  lias  Spoken  of  these  as  major  and  nunor  agglutinins. 
The  relative  quantities  of  the  spccitie  ehief  agglutinin  and  partial 
agglutinins  present  in  any  immune  serum  depend  upon  the  indi\idual 
cultures  u.sed  for  immunization,  and  the  phenomenon  is  probably 
dependent  upon  the  fact  tlmt  certain  elements  in  the  complicated 
bacterial  cell-body  may  l>e  common  to  several  species  and  find  com- 
mon receptors  in  the  animal  bixiy.  Whenever  an  immune  serum 
agglutinates  a  niunber  of  membei-s  of  the  group  related  to  the 
specific  organism  used  for  its  production,  the  reaction  is  spoken  of 
.**p*oup  agghilination." 

The  partial  agglutinins  (metagglutinins)  have  been  extensively 
studied  by  Castellani"  and  others,  by  a  method  spoken  of  as  the 
"al*orption  method."  This  consists  in  the  separate  addition  of 
bacterial  emulsions  (agglutinogens)  of  the  various  species  concerned 


Oruher  und  Durham,  loe.  clt. 
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in  a  group  agglutination,  to  the  agglutinating  scrum.  In  this  way, 
specific  and  partial  agglutinins  can  be  separately  removed  from  the 
immune  serum  by  absorption— each  by  its  corresponding  agglutino- 
gen. In  such  experiments  all  agglutinins  will  bo  removed  by  the 
organisms  tised  for  immunization,  a  partial  removal  only  resulting 
from  the  addition  of  allied  strains.  This  method  has  thrown  much 
light  upon  the  intimate  relations  existing  between  membei's  of  vari- 
ous bactenal  species,  an<l  has  been  particularly  valuable  in  the  study 
of  the  typhoid-eolon-dysentery  group.  It  is  important  to  mention^ 
howt»vrr,  that  "groups"  as  determined  by  agglutination  tests  do 
not  always  correspond  to  elassitjeations  depending  upon  mor- 
phological and  (Hiltnral  ehnraeteristies. 

An  inter^-jsting  i>litnntnpnon  of  yr^-a^  fnaetical  importance,  wliicl^ 
has  been  nrttieed  l)y  a  luimber  of  observers,  niul  whieli  may  often 
be  en<:ountered  ill  routine  a^gglutination  tests,  is  tlie  frequt-iit  failure 
of  a  strongly  UKtrlutiiiatiutr  serum  to  produce  agglutination  if  used 
in  concentration,  wliih'  in  dilutions  it  produces  i\  charfleterislie  ^-^j- 
ttction.  ^This  has  been  explained  theoretically  by  what  is  known 
as  the  '*proagglutinoid  zone."  It  is  assumed  that  agglutinins  may 
deteriorate  as  do  toxins  and  be  converted  into  substaners  which  are 
capable  of  combining  with  agglutin<^geu  without  causing  agglutina- 
tion. Such  substances,  as  we  will  see  in  discussing  Rhrlich's  views 
on  the  structure  of  agglutinins,  may  have  a  stronjrer  uflinity  for 
agglutinogen  than  the  agglutinins  themselves,  and  are,  thercforej 
termed  **proaggUitinoids."  In  strongly  agglutinating  sera  these 
proagglutinoids  may  1k'  present  in  coitsiderable  quantities  and  pre- 
vent the  corabiimtion  of  agglutinin  with  agglutinogen.  In  dilution, 
this  proagglutinoid  action  would  naturally  become  weaker  and  of 
no  actual  significance  in  obscuring  the  reaction. 

Agglutination,  like  otliei-  immune  phenomena,  is  a  manifestation 
of  broad  biological  laws  and  not  limited  to  bacteria.  Thus,  aa 
hemolysins  are  produ4!fd  by  the  injection  of  red  blood  cells,  so 
hemagglutinins,  or  substances  which  ekunp  together  red  blood  cells, 
are  similarly  formed. 

The  theoretical  considerations  concerning  the  nature  of  agglu- 
tinins are  discussed  l»elow.  togetlier  with  a  similar  section  on  the 
precipitins. 

Precipitation.— K.  Kraus.^'  of  Vienna,  demonstrated  that  the  sera 
of  animals  ininiunized  aaginst   B.  pestis,  B,  typhosus,  and  Vibrio 
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cholfrse,  whon  mixrd  witri  iho  clear  nitrate  of  tx>uiiion  cuiiures 
the  respective  orguumuiij,  produce  macroscopically  visible  precipi- 
tates. These  precipitates  occurred  only  when  filtrate  and  immune 
serum  were  homoloRoua.  i.  e.,  when  the  animal  from  which  the  serum 
had  been  obtained  had  been  immunized  by  the  same  species  of 
niicroor^aniHui  as  that  which  was  used  in  the  test;  it  was  for  this 
reason  Krnus  spoke  of  them  as  "specific  precipitates."  It  was 
evident,  tlierefore,  that  during  the  process  of  active  immunization 
with  these  organisms,  a  specific  antilwjdy  had  been  produced  in  the 
serum  of  the  treated  animal,  which,  liecause  of  its  precipitating 
quality,  was  named  * 'precipitin."  This  peculiar  reaction  was  soon 
found  to  hold  K^^od,  not  only  for  the  liactcria  used  by  Kraus,  but 
also  for  other  bacteria,  few  failinff  to  stimulate  the  production  of 
specific  precipitins  in  tlie  sera  of  immunized  animals.  The  phenom- 
enon of  precipitation,  however,  is  not  lijnited  to  bacterial  immmiiza- 
tion,  but  has  been  found,  like  the  phenomena  of  agglutination  and 
lysis,  to  depend  upon  biological  laws  of  broad  application.  Thus, 
Hordef,^'  found  lliat  the  blood  serum  of  rabbits  treated  with  the 
Bcruni  of  the  chicken  gave  a  specific  precipitate  when  mixed  with 
chicken  serum.  Tchistnvitch"*  drnionstratfd  a  similar  reaction  with 
the  sera  of  rabbits  treated  with  horse  and  eel  sera.  By  the  injection 
of  milk,  Wassermann,"  Sehtitze,"  and  others  produced  an  anti!x>dy 
which  precipitated  tin-  casein  of  the  particular  vaHcty  of  milk 
employed  for  immxniizntion.  The  reaction  was  thus  applicable  to 
many  albuminous  substances.  These  substances,  because  of  their 
prceipitin-stirnnlntiiij;  tinalily,  are  calb'd  ** precipitinogens.'* 

Nature  of  Precipitins.— The  nrecinitins.  lik«-  th^  uLTL>lntininR  mav 
be  inactivated  by  heating  to  from  6(1'^  to  70°  ('..  and  can  not  be 
reactivated  l)V  thy  nddition  of  normal  scrum  or  by  any  other  known 
method.  Such  inactivated  precipitin,  however,  while  unable  to 
produce  pn*eipitateH.  has  not  lost  its  jMiwcr  of  binding  the  precipi- 
tinogen. This  is  shown  by  the  fact  that  the  inactivated  precipitin, 
when  mixed  with  precipitinogen,  will  prevent  snbscquently  added 
fresh  precipitin  from  causing  a  reaction.  From  these  facts  the  con- 
clusion hos  been  drawn  that  precipitin,  like  toxin,  is  built  up  of 
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two  atom  groups/"  a  stable  liaptoplioru  and  a  labile  precipitophorc 
^oup.  By  the  atstrm-tiou  of  the  latter,  an  inactive,  yet  niutrallzing 
substance  jh  produeod  which  is  auoken  of  ns  •'prj-fipitaitj,"  The 
precipitoids,  like  protoxoids.  have  a  liigher  affinity  for  precipitin ogeu 
than  the  unchanged  precipitin,  and  thus  are  able  to  prevent  the 
action  of  these. 

Our  own  opinion  would  rather  incluie  toward  regarding  the 
preripitins  as  uieiitiral  in  strueture  vrnn  sensiti/er  or  anihoreptor — 
being  in  i^(^\  '*nlbuminolysins"  in  the  seuse  of  Gen^fou.  This  prob- 
lem Lh  too  eomplex  to  be  iliscussed  in  detail  in  a  summary  of  im- 
munity as  brief  as  the  one  here  presented. 

Specificity. — The  speciticity  of  precipitins  ia  a  question  of  the 
greatest  importance,  since,  as  we  shall  see,  these  bodies  have  been 
used  extensively  for  the  di(T(n*cntialion  of  animal  proteins.  In  re- 
gard to  bacterial  precipitins  it  may  be  said  that,  just  as  in  agglu- 
tination, rbere  is  in  precipitation,  a  certain  depree  of  *'f{;m^^p  reaf*- 
tion."  Jli*'  pr*.f'ipi|in  nbtajned  with  a  colon  bacillus,  for  instance, 
will  cause  i>ri  f'i]iitation  with  culture-filtrates  of  closely  allied  or- 
ganisms. tlK)Utj:h  in  a  less  marl;ed  degree.  According  to  Kraus.  such 
confusion  may  be  easily  overcome  by  the  proper  use  of  dilution  and 
quantitative  adjustment,  similar  to  that  used  in  agglutination  tests. 
Norris"  found  tliat  the  precipitates  given  by  inimun*'  sera  with  the 
filtrates  of  the  homologous  bacteria  were  invariably  heavier  than 
those  given  with  allied  strains  and  that  the  latter  could  be  eliminated 
entirely  by  sufficient  dilution. 

Specificity  becomes  of  still  (greater  importance  in  the  forensic  use 
of  the  precipitin  reaction  introduced  by  l*lilenhuth,"  Wasscrmann 
and  Schiitze,^*  and  Stern.***  '^^m'  j^utluirH  Fminfl  that  thi'  preciuitiii 
reaction  furnishj^d  a  means  of  distinguishing  the  blood  of  one  species 
from  thai  of  atiother.  ^  Thus,  blood  spots,  dissolved  oiit  in  normal 
salt  solution,  could  be  recognized  by  this  reaction  as  originating 
from  man  or  from  an  animal,  even  after  months  of  drying  and  in 
dilutions  as  high  as  1 :50,00(J.  Since  the  value  of  this  test  depends 
entirely  upon  the  strict  specificity  of  the  reaction,  this  question  has 


'*  Kraus  and  v.  Pirtpttt,  Cent.  f.  Bakt.^  0"g'  Bd.  xnii. 
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been  studied  with  especial  care,  notably  by  Nuttall.*'  All  who  have 
investigated  the  subject  find  the  only  important  source  of  confusion 
in  the  blood  of  the  anthropoid  apes.  The  specificity  of  the  reaction, 
too,  has  been  found  to  depend  very  closely  upon  the  amount  of 
precipitin  in  the  sei-um  employed.  If  a  highly  immune  scinim  is 
insufficiently  diluted,  the  reaction  loses  much  uf  its  specific  value." 
This  source  of  error  is  easily  eliminated  in  practice  by  careful  con- 
trol and  titration  of  the  sera  used  for  the  tests. 

Unlike  agglutinins,  precipitins  have,  so  far,  not  been  demon- 
strated in  normal  sera." 

Theoretical  Considerations  Concerning  Agglutinins  and  Precipi- 
tins.— We  Imve  seen  thai  Khrlich  evolved  his  theories  of  antibody 
formation  from  his  early  views  upon  the  absorption  of  nutritive 
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substances  by  the  body  cells,  and  we  have  followed^  in  more  or 
less  detail,  the  steps  of  his  reasoning  as  he  developed  his  hypothesis 
in  its  application  to  the  antitoxic  and  the  lytic  substances.  There 
still  remained  the  agglutinins  and  precipitins,  bodies  which  because 
of  their  individual  characteristics  can  be  classed  neither  with  the 
group  of  antitoxic,  nor  with  that  of  the  lytic  substances.  These 
two  antibodies,  while  by  no  means  identical,  possess  the  common 
characteristics  of  being  more  thermostable  than  the  bacteriolytic 
substances,  and  of  being  insusceptible  to  reactivation  by  normal 
serum.  It  is  plain,  therefore,  that  both  agglutinating  and  precipi- 
tating reactions  take  place  without  the  co-operation  of  complomont. 
The  substances  which  give  rise  to  precipitins  and  agglutinins,  more- 
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over,  arc  not  of  the  relatively  simple  soluble  character  of  the  toxins, 
but  are  intrinsic  portions  of  complex  albuminous  moleculea,  com* 
parable  to  and  often  identical  with  the  true  nutritive  substances. 
For  these  reasons  Ehrlieh  believes  that  the  cell-receptors  for  the 
various  substances  which  give  rise  to  agglutinins  and  precipitins 
'c  neither  of  the  simple  structure  of  the  toxin  receptor,  nor  of  the 

louble-haptophore  nature  of  the  bacteriolytic  receptors,  but  contain 
single  haptophorc  group  for  the  anchorage  of  the  ingested  material 
and  at  the  same  time  a  constantly  attached  zymophore  group  or 
ferment  by  means  of  which  the  anchored  substance  is  transformed 
^preparatory  to  its  absorption  by  the  cell  protoplasm.  For  the  sake 
of  clearness,  this  form  of  receptor  may  be  compared  to  a  bacteriolytic 
or  hemol>tic  amboceptor  with  a  permanently  attached  and  insepa- 
rable complement. 

Three  forms  of  receptors,  then,  are  proposed  by  Elirlich  in  ex- 
planation ni  All  known  varipties  of  aiit4hadk^>  Igfafi^firgt^^^hesim' 
plest  aide  chains  of  the  body  cells,  he  calls  "receptors  or  haptinge 
of_the  first  order."  JThesCf  overproduced  and  cast  off,  constitute  the 
antitoxin  and  antiforments.  J^^gxt^^haptines  of  the  second  order" 
are  the  reeeptors  planned  both  for  the  anchorage  and  further  diges- 
Ition  of  antigens.  These,  iroe  in  the  circulation,  are  the  precipitins 
and  agfi;lutinins.  *' Haptines  or  receptors  of  the  third  order"  are 
merely  able  to  anchor  a  suitable  substance,  but  exert  no  further 

iction  upon  it  until  re-enforced  by  the  complement  normally  present 
LC  serum.    These,  free  in  the  circulation,  with  a  ehemiog)  group 

laving  avidity  for  the  antigen,  and  another  complcmcntophile  group, 
.arc  the  amboceptors  or  immune  bodies  of  bacteriolytic,  cytolytic, 

anri   hfTTOlvtic  SCra. 

We  cannot,  in  a  general  work  of  this  kind,  go  into  a  detailed 
discussion  of  the  many  complex  problems  involved  in  regard  to 
the  structure  of  antibodies.  Again  we  will  refer  the  reader  to  the 
larger  works  on  this  subject.  It  is  our  opinion,  however,  that  the 
above  views  of  Ehrlieh  can  no  longer  be  maintained  in  the  light 
of  present  knowledge. 

Bordet,"  points  out  that  the  conception  of  Ehrlieh  rests  upon 
the  basis  of  a  number  of  undomonst rated  hypotheses.  He  assei'ts, 
ntji  justice,  that  it  has  never  been  shown  beyond  question  that 


^Bordct,  Rf'sum^  of  Immunity  in  Bordet'a  ** Studies  in  Immunity,*'  transl.  by 
Quj,  Wiley  &  Sons,  1809. 
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tl^y  mitibodica.  free  in  the  sornm,  j^ye  identical  with  the  receptors 

In  FPffani  to  agglutinins,  Ehrlich,  as  we  hove  seen,  believes  that 
it  iH  Ihf  agKlutinin  itself  wliich,  first  uniting  with  its  antigen  by 
its  httptophore  group,  then  causes  clumping  by  its  zymophore  gronp. 
Novir^  an  a  mnttrr  of  fact.  Bordi^*^  lias  shown  that  it  is  not  the 
ngtfiulinin  ilH(-lf  which  agglutinates,  but  that  agglutinin  with  its 
antJKiMi  fj^piiH  n  complex  wjiicli  is  then  agglulinable  by  the  salt 
prcMcnt  in  the  Holutioii.  This  conclusion  seems  borne  out  by  the 
later  work  of  rk'iigou."  Landsteiner  and  Jagic/'  and  others,  who 
have   Ijliowu    that    Imrtcria    wU'wh    hnvn   lihsorbcrl    other   snhstAiiopg, 

wuch  an  urnnium  compounds,  colloidal  silicic  acid,  etc.,  are  subse- 
fjuontfy  agglutinable  by  salts.  ^  In  consequence,  from  these  and  other 
ofwrrvntinns.  I5or(leL  concludes  that  it  is  neither  necessary  nor  ae- 
curutl*  fur  the  explanation  of  tlicac  phenomena,  to  aaanniP  thp  nnn- 
a\i\ui\^  concdvcJ  bv  lyliHwOi  Uut  ih^\  th.>  phenomenon  of  ai^ylutinfi- 
Uon  oonwiwlw  iuiniiuily  of  the  ujiion  of  the  anl.ilK)dv  with  its  antigen 
in  a  CplUiidal  HUspmsion,  find  ihwl  the  nftiinl  Rnl)Senucnt  agglutina- 
tliH.  '  i.iuhtry  pheiiiiiiieimn  wliK'b  <hT''"'^^  jHiSKihlv  iip^p 

_      .'".ysical  properties  of  \\u^  emulsion— npnn  ^'ifs  enl- 

atablTify,."  ]\  similar  condition  he  assumes  for  precipitins, 
nithoul  being  able  in  the  limited  space  available  to  go  into  a 
delalliHl  diHcUHsion  of  the  large  volume  of  work  which  has  appeared 
on  thU  HUbJcct,  we  mny  say  that  it  is  our  opinion  at  present  that 
il^y  tvidt'iKM'  largely  points  in  the  direction  indicated  by  Itoi'det, 
l^gU'ly,  that  the  rsHrntial  feature  of  all  those  reactions  ia  the  specittc 
miiou  of  an  antigen  with  its  antibody,  tliat  thereby  the  physical 
iij^  rhendcal  eoiiditton  of  the  antigen  is  so  changed  that  it  now 
fi  IcHM  stable  and  is  agglutinated  or  i)rccipitated  by  such 
ia^}  influi'uecH  as.  for  instance,  the  presence  of  an  electro  1  y t e. 
the  work,  nf  VeiRH.p  iuiil  fr^ri'^tinmtin^^  l>n«  «hnwp  that  bacteria  that 

JjHyU  ahai^fbed  atfglutinip  arc  nyglnttniiln^^  hy  nniwi>ntr«finiiR  nf  salt 

j|P  ItM  than  ig  neccsgarv  to  iufp-lntiniitf  ^^p  pr*-^*'ipitft1e  the  normal^ 
&eteriit 

Our  own  opinion,  set  forth  in  a  number  of  experimental  studies, 
would  go  even  further  than  this.     \Ve  imdine  to  the  belief  that  all 

•*Jlunfcil,  Ann.  de  1'itist.  Puteur,  1899. 

^OtHffou,  Atinnl,  Past.,  1904. 

*  Unndgtrinrr  uiwl  Jagic,  VVien.  kbn.  Wocii.,  iii,  1904. 

^Nfiatfr  Knd  Friedmann,  Miinch.  mciL  Wodi..  1904,  li.  4fl5-827. 
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asKsmziNO  antibodies 


jpclthiing  tfag  ao-caiied  amboceptora  or  sen&itiiers  ttiAt 

I'yafcc  part  in  the  pK^iMw^m  ^f  lysis  and  bactericidal  f  tjoa  arc 

^afptiaUy  qf  npe  trpe;  that  the  fuudamt-ntal  pb<*nomenon  is  the 

nnioti  of  tb^  &ntig<-a  with  the  spe^?ific  antibody  or  ita  ^'seu&itiu* 

^on;"  that  by  such  sensituation  the  antigen  is  now  renaerea  oli 

jtbe  one  band  more  eaaiiy  aggtutinable  or  precipitablc.  on  the  other 

'nay  be  rendered  more  amenable  to  the  action  o(  thr  aloxiu  or  com* 

plrnicnl  or  to  phagocyloMs.     Thi'  aggmtination  and  pi>*ripuahon 

^pheuometia,  moreover,  are  merely  evidences  of  xh<  'hat  th^-spc 

^sabstanecs  are  in  colloidal  suspension  and  are  inili)>  a^^ueies 

which  produce  precipitations  in  &ueh  suspensioiL     It  is  inteniUiuit 

to  note  in  \)i\s  connection,  also,  that  haoteria  in  neutral  S'"t|^p«Vfc" 

carr?'  negative  charges  which  can  K  weakened  by  senaitiaation  with 

serum  and  wt-akencd  or  reversed  I'V  the  addition  of  add.     The^_ 

pojpta  twii|  tv  strengthen  such  a  i>oitit  ot  view. 

The  drgrtM'  of  aridity  iiuetsMiry  to  reverse  the  normal  negativp 
charge  of  bacteria  corresponds  roughly  to  that  at  which  growth  is 
inhibited.  This  has  led  tis  to  speculate  whether  or  not  vitality  of 
bacteria  and  the  negativi'  eliar^re  may  be  related. 

Facts  Concerning  Alexin  or  Complement. — Muii-  and  Prowniny 
elaim  that,  on  the  filtration  of  strum.  ambo<'Optor  or  immune  body 
Wui  paas  through  the  iilter,  whcreaa  alexin  or  coinyiement  ia  held 
^clL 

This  retention  of  complement  by  filters  occurs  onl>'  when  new 
filters  are  used,  and  this  is  probably  due  to  adsorption  or  comple- 
ment by  the  finely  divided  subatancea  which  make  up  the  filter  and 
not  due  to  retention  becauae  of  the  large  aixe  ef  the  compleinent 
molecule. 

Alexin  can  be  inactivated  by  aliaking  as  well  as  by  heat  wh^n 
.dihUfd  1:10  and  sliaken  for  about  20  minutes  in  salt  solution.  Ao- 
jC!or<lin^  to  Gramenitski  it  is  suou^aneously  partialb'  reactiviated 
on  standing. 

Alexin  is  dependent  upon  the  total  volume  -Ct  the  mixture  in 
yhich  it  actH.  if.,  upon  concentration,  the  same  actual  nuantJty  of^ 
comuleiruvlit  iic\\n\r  innrp  Rimn|rly  jji  jugher  than  ill  lower  e«>neen- 
trations,  this  not  being  true  of  amboceptor  or  sensitizer  which  ne^ 
in  direct  proportion  \<}  i*<i  aMnnl  i^nn»tity  iTiHpppndent  of  the  con- 
cent rati  ori. 

Alexin  is  inhibited  by  hypertonic  salt  solution  and  can  be  pre- 
served in  15-25  per  cent  salt  concentration  for  weeks  in  the  iceboXf 
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rf'suming  its  activily  when  diluted  to  isotoni(*ity  with  diRtillpd  water. 
Krnioval  of  shI*  I»y  iliHlysis  or  othiT  luenus  (»f  globulin  precipilution 
divides  the  coiiiplonuMit  into  two  fractions,  liio  globulin  fraction  and 
the  albumii»  fraction,  neithor  of  which  will  act  alone,  but  which 
together  poRsess  the  properticH  of  tindiviiiid  roiiiph'im'nt.  Tht! 
globulin  fraction  attaches  directly  to  the  sensitized  cells  and  is  there- 
fore spoken  of  by  TJcrman  invi'slisotors  ns  '^nnd-piece."  The  al- 
bumin frnelion  acts  upon  the  seusilixed  e<4l8  only  after  attachment 
of  the  globulin  fraction  and  is  therefore  spoken  of  as  "end-piece," 
It  is  seen,  therefore,  timt  a  great  many  of  the  propcrtirs  nf  nlrxin 
tke  it  seem  rather  likely  that  this  substance  is  (]uite  similar  to 
trmcnts  in  its  action. 

The  Fixation  of  Complement  by  Precipitates.— It  has  been  found 
by  Gcngou*°  and  oonfinued  by  Moreschi,  (iuy,"^"  and  others,  that 
when  the  serum  of  an  animal  immunized  with  the  scriini  of  another 
species  or  with  a  foreign  albumin  is  mixed  with  a  solution  of  the 
siilwtanee  used  in  the  imrrunnzation*  the  preeii>itate  formed  will 
remove  eoniplemeiit  from  the  mixture,  j^n  other  words,  precipitates 
irmedby  the  reaction  of  precipitin  with  its  antijjeii  will  fix  com* 
ricmentT  This  is  of  great  importance  in  eomplement-tixation  tests; 
for  berause  of  iiwuflieient  washing,  the  blood  cells  used  hi  producing 
the  hemolytic  amlx)ceptor,  may,  from  the  presence  of  serum,  give 
rise  to  a  precipitin  as  well  as  a  henuilysin.  In  the-test  done  subse- 
quently, a  precipitin  reaction  may  take  place  and  by  thus  removing 
complement  may  give  a  false  result.  The  absorption  of  complement 
by  8U<'h  ])reeipitati's  takes  place  when  the  two  reacting  factors,  the 
precipitin  and  its  antigen,  are  in  dilution — so  liigh  a  visible  precipi- 
tate can  not  be  obsen'ed.  This  fact,  together  with  others  too  com- 
plicated to  be  discussed  in  this  place,  have  led  us  to  the  belief 
that  the  so-called  precipitins  are  true  sensitizers,  exerting  toward 
unformed  proteins  the  same  function  that  the  so-called  sensitizer  or 
nmbocepttir  exerts  toward  rrllular  formed  antigens.     (.See  p.  29;i.) 

Quantitative  Relationship  Between  Amboceptor  and  Complement. 
— Morgenroth  and  Saohs^'  have  succei'ded  in  showing  that  within 
cei^ain  limits  an  inverse  relationship  exists  between  these  tw<»  boiffes. 
U  for  a  given  quantity  of  red  blood  cells  a  certain  quantity  of 


•  GengoH,  Ann.  Pwt.,  1902. 
^Qay,  Crnt.  f.  B*kt„  I,  xxix,  1905. 

*^  Mortimroth  und  Sacfu,  "aewiunel.  Arb.  fur  IminuntlUtHforfichunK. 
HirscbwaliL  1904. 
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amboceptor  and  complement  sufficeit  to  produce  complete  hemolysia, 
reduction  of  either  the  complement  or  the  amboceptor  necessitates 
an  increase  of  the  other  factor.  As  amboceptor  is  increased,  in  other 
words,  complement  may  be  reduced  and  vuc  versa.  This  result  is  of 
gi'eat  iniportapce  in  arguing  aKaiusI  the  original  conception  of  Ehrlich 
m  sui>i>osintf  these  substances  to  act  together  unit  for  unit. 

Deviation  of  the  Complement  (Complement-Ablenkung). — It  was 
noticed  hy  Neisser  and  Wcclmberg**  that  in  mixing  together  bacteria, 
inactivated    bactericidal   immtuie    serum    (im- 
mune body),  and  complement  in  the  lest  tube, 

a  great  exersw  of  imnuiiw  IhmIv  iiiiuh>n.ri  rathiT 

limn  helped  bactericidal  action.  As  the  amount 
of  immime  body  in  the  mixture  was  carried 
beyond  the  experimental  optimum,  baetericidat 
action  became  less  and  less  Dronouiiced,  and 
was  finally  complett^d  stism-iuh-d.  They  i-xpiain 
this  by  assumiiiiT  that  free  imntune  body,  un- 
corobined  with  complement,  has  a  greater 
affinity  for  the  bacterial  receptor  than  the  im- 
mune body  combined  with  compU'iiient.  The 
comiiienunt  is  onns^'gij^^ntlv  fliviM'ted  and  nre- 
vented  from  activating  the  amboceptor  attached 
to  the  bacterial  cejl.     Graphically,  the  condi- 


Fio.  37. — Nbissbr  and 
Wkchhberg'b  Con- 
cbption  of  comple- 
iiGNT  Deviation. 


tions  may  be  illustrated  as  follows: 

The  above  theory  of  Neisser  and  Wechs- 
berg  is  here  stated  simply  because  of  the 
wide  discussion  it  has  aroused.  In  the  light  of  our  present 
knowledge  concerning  the  relations  between  antigen,  aml>o- 
eeptor,  and  complement,  their  conception  is  obviously  erroneous. 
The  phenomenon  of  Neisser  and  "Wechsberg  is  probably  a  "zone" 
phenomenon,  namely,  an  occurrence  which  depends  upon  the  fact 
that  the  complete  or  incomplete  union  of  colloidal  substances  de- 
pends to  a  ver>*  great  extent  upon  the  relative  concentrations  of 
each,  and  too  high  a  concentration  of  the  anti-serum  in  experiments, 
such  as  those  of  Neisser  and  Wechsberg,  may  result  in  incomplete 
union.  Tlius,  it  is  possible  in  many  colloidal  precipitation  phenomena 
to  show  Ihat  too  high  a  concentration  of  one  or  the  other  reacting 
colloid  will  result  in  failure  of  precipitation,  and  in  some  cases,  even 


NeUner  iiml  Wechsberg,  MOneh.  mod.  Worh.,  xrlii.  1901. 
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when  precipitation  has  taken  place,  dispersion  will  again  occur,  if 
one  or  the  other  component  is  added  in  excess.  These  phenomena 
are  frequently  observed  in  agglutination  and  precipitation  reactions 
where  the  highest  concentrations  of  serum  will  produce  less  pre- 
cipitate, or  perhaps  none  at  all  when  greater  dilutions  produce  heavy 
precipitation. 

fixation  of  the  Oomplement. — ^Bordet  and  Gengou^'  in  1901,  de- 
vised an  ingenious  method  of  experimentation  by  which  even  very 
small  quantities  of  any  given  immune  body  (amboceptor)  can  be 
demonstrated  in  senim.  The  term  "fixation  of  complement,"  by 
wKich  their  method  of  investigation  is  now  generally  known,  ex- 
plains itsel^f,  as  the  steps  of  experimentation  are  followed.  They 
prepared  the  iollowing  mixtures: 

\(ti)  (b) 

\^3actletiolytic  ambpceptor  Normal  serum,  heated 
{Ptiigue  immune  $erum,  heated) 

+  H- 

'    Flagae  emulsion  Plague  emulsion 

■'  .   +  '        ,  + 

Complement  Complement 

(Fresh  normal  serum)  (Fresh  normal  serum) 

To  both  of  these  after  five  hours  was  added 

Hemolytic  amboceptor 

(Heated  hemolytic  serum) 

4- 

Red  blood  cells 

Results: 

(a)  showed  no  hemolysis. 

(b)  showed  hemolysis  +. 

The  conclusion  to  be  drawn  from  this  was  that  in  (a)  the  presence 
of  immune  body  had  led  to  absorption  of  all  the  complement.  In 
,(b),  there  being  no  bacteriolytic  immune  body  to  sensitize  the 
bacteria  and  enable  them  to  absorb  complement,  the  latter  substance 
was  left  free  to  activate  the  subsequently  added  hcmolytic^amhor 
ceptorg.  The  Bordet-Gengou  phenomenon  has  been  extensively  used 
by  Wassermann  and  Bruc^,'*  Neisser  and  Sachs,**"  and  others  to 


"  Bordet  et  Oengou,  Ann.  de  1  'inst.  Pasteur,  1901. 
'  *  fVasseTmann  and  Bruck,  Med.  Klin.,  1905. 
"  Neisser  und  Sachs,  BflrL  Wia.  Woch.,  xliv,  1905,  and  i,  1906. 
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demonstrate  tiic  presence  of  immune  bodies  in  various  sera,     (See 
p.  315.) 

It  should  be  noted  that  this  method,  if  valid,  must  presuppose 

the   identity   of   th^^    ^pmnlvtif    anA    ha^t^i-inirUl    f»nniplpment    in   the 

activating  serum. 

Complement  fixntion  will  be  more  extensively  discussed  in  the 
section  dealing  with  tlie  Wossermanu  reaction. 


..  .  Complvin vnt- 


D 


immune  or 
a  nl  i  body 


prcietJ 


3.  ^— -An^i^»n 


To$elh«r  at 
37.SO  c. 
for  one  hour 


Ho*molyfi< 

Amboceptor 


|..JM  blood  celt 


I(  (2)   present,  no  Laemolysis. 

U  (2}  not  present,  baemoly^ifl. 

Fia.  38. — Schematic  REpRBSBNTATiOf  or  Complrmevt  Fixation  in  the  Boruet- 
Gknuuu  Reaction,  a&  Conceived  by  Khblich.  (Thin  Bcheme  is  itiven 
because  it  aids  in  understanding  the  procesa,  but  must  not  bo  taken  to  repre- 
sent the  true  manner  of  union  in  which  the  complements  react) 

The  Specificity  of  Hemolysins. — In  the  sections  preceding  we 
have  seen  that  the  blood  cells  oj  one  animal,  injected  into  an  animal 
of  another  speeies.  give  rift**  *"  ^  lu.rniJytii.  Kiili^i^inee  in  the  bloody 
serum  of  the  second  animal^  which  ia  strictly  specific  for  the  variety 
of  cells  iiijeeted..  Such  lu-mnlvsin?^  when  nrodneed  in  fine  nnima^ 
against  blood  eclls  ut'  anotlier  species,  are  snokcn  of  as  hctcrohjsins. 
In  studying  the  nature  of  hemolysis,  Ehrlich  and  Morgcnroth"*  now 
discovered  that  hemolysins  could  also  be  produced  if  an  animal  were 
injected  with  red  blood  cells  of  a  member  of  its  own  species.  Such 
hemolj'tic  substances  they  called  holyicing,  Jn  their  experiments  they 
[njeeted  goals  with  the  washed  n'd  blood  corpuscles  of  other  goats 
and  found  that  the  senim  of  the  recipient  developed  the  power  of 
causing  hemolyHJs  of  the  red  blood  cells  of  the  particular  goat  whose 
lilood  had  been  use«l  f^;^  jnje^imr     It  tlid  not,  however   PiKI^'^'*^"  ^h? 


Bhrlich  imil  Morgrnroih,  Berliner  klin.  Wooh.,  xxi,  IIKK). 


tv«cnu^  o 


ol  >tl  goats,  nor  did  it 
of  its  own  blood.     It  \s 


us  extends  even  witbin 

xyn^,  MI  uidividiial  itroDcrty. 

.   of  suhstunces  in  the  Mood 

.iiviiiuarso\vn  coniusclcs. 

r  **iurst'  of  these  experiments. 
Ui«t  the  injection  of  isolyKins 
!(,   and   that  these   again  were 


.'  ikf  nutolysin  j)roductiou  has  found 
^     ,  )t  ift  «U|)|Kised  by  Khrlich  and  Morgen- 

<^^jk  ^|j^  uk|.  |yi3l^  V4  «ut\kt>iun  iirodtietion  may  be  due  to  a  laek 
^f^^i^  T^C«ff<^M«  Itt  I^K*  »idniAl  for  it.H  own  eells. 

.  nllii)i>mi  d(  the  prcaence  of  isolysins  and  possibly 
bctliyi   IN  too  evident  to  require  much  dis- 
^ai|i^ lyirf  ^jremeb'  interesting  result  which  these 
fcy^j^Vaid  ^  that  of  Donath  and  Landsteiner.'^' 
\  lliillll^T**"  ^"  '''^'  ^^'"*'^^  serum  of  uatieuts  suffenn|g 
^!    KvM«U'^t\duuuriM.      ju    these   eases   thr   sensiti/.ing 
T  uppi'Hretl  to  he  absortH'<l  hy  tlie  red  blood 
'  I     ^     prnbnbly  in  the  eapillaries  during 
i    t'l  iiiolysits  sulwequrntly  resulted  in   the 
if  eoniplement.    These  observations  have 
^yliyi   writers,   but    the   phenomenon  is  surely 
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Obtaining  Serum  from  Animals  and  Man. — To  obtain  blood  arrom 
from  nmii,  llu*  bloud  may  hv  taken  from  the  finger  or  the  ear,  either 
into  a  sterile  centrifuge  tube  or  into  a  Wright  capsuk*.  When  taken 
into  a  centrifuge  tube,  the  blood  is  allowed  to  clot  and  the  serum 
separated  by  centrifugation.  Larger  quantities  of  blood  may  be 
taken  with  a  syringe  from  the  median  basilic  vein  and  either  slanted 
in  sterile  test  tubes  in  the  ice  ehest  or  put  into  centrifuge  tubes 
and  centrifugalized.  In  bleeding  small  laboratory  animals,  a  number 
of  methods  may  be  employed,  depending  xipon  the  quantity  of  serum 
required. 

The  animals  most  frequently  used  for  laboratory  purposes  are 
rabbits.  To  obtain  small  quantities  of  senam  from  rabbits,  the 
animals  may  be  bled  from  the  marginal  vein  of  the  ear.  The  animal 
is  strapped  upon  a  tray  and  underneath  it  is  placed  a  rubber  bag 
filled  with  warm  water.  This  is  advised  by  Wadsworth  to  facilitate 
the  flow  of  blood.  The  tray  is  then  placed  upon  an  easel  so  that 
the  animal 's  head  hangs  downward.  The  skin  over  the  ear  vein 
is  shaved  and  sterilized,  and  a  Hagedorn  needle  plunged  into  the 
vein.    The  blood  is  eaughl  in  test  tubes  or  centrifuge  tubes. 

When  larger  quantities  of  blood  arc  desired  it  may  be  taken  from 
the  carotid  artery.  In  rabbits,  the  carotid  may  be  found  lying  just 
lateral  to  the  trachea  and  deeply  placed,  and  must  be  carefully 
separated  from  the  pneumogastric  nirvo  by  blunt  dissection.  The 
distal  end  of  the  artery  is  then  tied  off  and  the  proximal  end  tem- 
porarily closed  with  a  small  damp.  The  artery  is  then  raised  out 
of  the  wound  on  a  knife  or  forceps  handle  and,  with  sharp-pointed 
Bciasors,  a  small  incision  is  made  into  but  not  through  the  vessel. 
A  small  gla.s8  cannula  is  now  introduced  and  tied  into  place  by  a 
thread.  To  this  cannula  a  small  rubber  tube  fitted  with  a  pinch-cock 
should  have  l)een  attached,  the  whole  being  sterilized.  Recently 
we  have  dispensed  with  the  cannula,  simply  holding  the  vessel  up 
with  a  pointed  forceps.    A  larger  yield  of  serum  will  be  obtained 
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if,  after  coagulation,  the  clot  is  separated  from  the  glass  with  a 
sterile  platinum  wire. 

In  obtaining  blood  from  larger  animals,  horses,  sheep,  etc.,  a 
cannula  may  be  introduced  into  the  jugular  or  internal  saphenous 
veins.  The  skin  is  shaved  and  sterilized  and  a  rubber  tourniquet 
placed  about  the  neck  or  thigh,  as  the  case  may  be,  in  order  to 
cause  the  vein  to  stand  out.  A  small  incision  may  be  made  through 
the  skin  over  the  vein,  but  is  not  necessary.  A  cannula,  with  rubber 
tubing  attached,  is  then  plunged  into  the  vein  and  the  blood  caught 
in  sterile  high  cylindrical  jars,  allowed  to  clot,  and  placed  in  the 
refrigerator.  The  serum  is  taken  off  after  twenty-four  to  forty- 
eight  hours  with  sterile  pipettes. 

Agglutination  Tests. — For  the  determination  of  the  agglutinating 
power  of  serum  it  is  necessary  to  make  suitable  dilutions  of  the 
serum,  and  to  prepare  an  even  emulsion  of  the  microorganisms  to 
be  tested.  The  test  may  be  made  microscopically  or  macroseopically. 
The  microscopic  test  is  the  one  in  general  use  in  the  diagnosis  of 
typhoid  fever,  and  is  occasionally  applied  to  some  other  diseases. 
In  its  application  to  typhoid  fever  it  is  usually  spoken  of  as  the 
Gruber-Widal  reaction. 

Twelve-  to  eigbteen-hour  broth  cultures  of  the  typhoid  bacillus,  grown 
at  incubator  temperature,  may  be  used.  It  is  preferable,  however,  to  use 
an  emulsion  of  a  twelve  to  twenty-four  hour  old  agar  culture  in  physiological 
salt  solution  (0.85  per  cent).  The  salt-solution  emulsion  is  made  by  adding 
about  10  c.c.  of  normal  salt  solution  to  the  fresh  agar  slant  culture,  carefully 
detaching  the  culture  from  the  surface  of  the  agar  with^a  flexible  platinum 
wire,  and  pipetting  off  the  emulsion  thus  made.  With  ^me  microorganisms 
it  is  sufficient  simply  to  allow  the  larger  clumps  to  settle  and  to  pipette 
off  the  supernatant  turbid  emulsion.  With  other  microorganisms,  the  tendency 
to  form  clumps  makes  it  necessary  to  resort  to  further  methods  of  securing 
an  even  distribution  of  the  bacteria.  This  may  bo  done  either  ])y  sucking 
the  emulsion  in  and  out  through  a  narrow  pipette  held  perpcndictilarly  against 
the  bottom  of  a  watch  glass,  as  in  Wright's  teclmique  for  the  opsonic  test 
(see  section  on  opsonins,  p.  339),  or  by  carefully  nibbiiig  the  clumps  aprainst 
the  watch  glass  with  a  stiff  platinum  wire.  In  the  ease  of  the  tubercle 
bacillus  not  even  this  suffices,  but  it  becomes  necessary  to  grind  the  moist 
bacillary  masses  in  a  mortar  before  emulsifying.  With  the  tubercle  bacillus, 
too,  it  is  preferable  to  use  salt  solution  at  1.5  per  cent  concentration. 

The  serum  dilutions  are  obtained  by  first  making  a  one  to  ton 
dilution  of  serum  with  normal  salt  solution.    The  serum  used  for 


THE  TECHNIQUE  OF  SESiVU  REACTIONS  308 

this  puipose  is  freed  froxa  red  blood  corpuscles  by  oentrifagation. 
From  the  1  to  10  diluton  any  number  of  higher  dilutions  may  be  made, 
by  mixing  given  parts  of  the  1  to  10  dilution  with  normal  salt 
solution ;  thus  one  part  of  a  1  to  10  dilution  plus  an  equal  quantity 
of  salt  solution  gives  a  dilution  of  1  to  20.  One  part  of  one  to  ten 
dilution  plus  two  parts  of  normal  salt  solution  gives  one  to  thirty. 
etc.  It  must  not  be  forgotten  that,  when  equal  parta  pf  *ho  apmm 
and  baciljftrv  pmnlHinn  havo  Hppti  TniYftd.  each  one  of  these  dilutions 
is  doubled. 

In  making  the  microseopic  agglutination  test^  equal  quantities  of 
serum  dilution  and  bacterial  emulsion  are  mixed  upon  a  cover-slip. 
The  mixture  may  be  made  either  by  measuring  out  a  drop  of  each 
substance  with  a  standard  platinum  loop,  depositing  them  close 
together  on  the  cover-slip,  and  mixing;  or  equal  quantities  may  be 
sucked  up,  each  to  a  given  mark,  in  a  capillary  pipette,  mixed  by] 
suction  in  and  out,  and  deposited  upon  the  cover-slip.    The  cover-! 
slip  is  inverted  over  a  hoUow  glass  slide,  the  rim  of  which  has  been( 
greased  with  vaseline.    The  drop  is  then  observed  through  a  (Leita)  I 
No.  7  lens,  ocular  No.  3.  I 

Macroscopic  aggluHnalion,  preferable  for  exact  laboratory  re-  * 
search,  is  made  in  narrow  test  tubes  measuring  about  0.5  cm.  in  I 
diameter  and  about  5  cm.  in  length.  1 

Equal  quantities,  usually  1   c.c.  each,  of  serum  dilution  and  1 
emulsion  are  mixed.    A  series  of  tubes  is  prepared,  in  each  subse-  j 
quent  one  of  which  the  dilution  is  higher.    These  mixtures  may  be  \ 
placed  in  the  inCubator  for  a  few  hours  and  then  kept  at  room 
temperature.    After  removal  from  the  incubator  agglutination  is  in  I 
some  instances  hastened  by  transference  to  the  ice  chest.     When  i 
agglutination  takes  place  in  these  tubes,  climips  of  bacteria  may  be 
seen  to  form,  which  settle  to  the  bottom  of  the  tube,  very  much 
like  snow-flakes.     The  surface  of  the  sediment  is  heaped  up  and 
irregular.    The  supernatant  fluid  becomes  entirely  clear.    When  the  \ 
reaction  does  not  occur  the  sediment  is  an  even,  granular  one  with 
a  flat  surface,  and  the  emulsion  remains  turbid. 

Instead  of  using  test  tubes  as  described  above,  Wright  has  sug- 
gested the  use  of  throttle  pipettes  of  comparatively  large  diameter 
into  each  of  which  at  least  three  or  four  different  dilutions  can  be 
sucked  with  a  nipple,  a  small  air  bubble  being  left  between  the 
mixtures.  By  sealing  the  distal  end  of  these  pipettes  in  a  flame 
the  various  dilutions  are  kept  at  a  distance  from  each  other,  and 
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the  pipettes  may  be  set  on  end  in  a  tumbler  and  observed  just  as 
are  the  test  tubes  (Fig.  42,  p.  340).  The  special  methods  of  carrying 
out  agglutination  tests  with  pneuuioeocci  have  been  described  ou 
p.  460. 

Precipitin  Tests. — In  an  earlier  section  on  precipitins  we  have 
seen  that  precipitates  arc  formed  when  clear  filtrates  of  bacterial 
extracts  or  of  both  cultures  arc  mixed  with  their  specific  immune 
sera.  Siieh  precipitin  rcuelions  arc  not  limited  to  the  reahii  of 
bacteria,  but  have  a  broad  biological  significance,  in  that  spcciiic 
precipitating  sera  may  be  produced  with  proteins  of  varied  source. 

Fur  carrying  out  a  precipitin  test,  the  following  reagents  are 
recjuired : 

1.  A  specific  precipitating  antiserum  (antibacterial  or  antipro- 
tein )  ; 

2.  A  bacterial  filtrate  or  protein  solution. 

Production  of  Precipitating  Antisera,' — Antibacterial  pre- 
oipitins  may  be  produced  in  animals  by  a  variety  of  methods. 
Animals,  preferably  rabbits,  arc  injected  with  cultures  of  the  bac- 
teria in  gradually  increasing  quantities.  Five  or  six  injections  are 
given  at  intervals  of  from  five  to  six  days,  the  dosage  and  mode 
of  administration  being  adapted  in  each  case  to  the  pathogenicity 
of  the  microorganisms  in  question.  Myers*'  claims  that  specific  pre- 
cipitin for  pcpton  in  the  culture  media  may  be  formed  which  may 
lead  to  error.  This  could  not  be  confirmed  by  N'orris.*  The  im- 
miinizcd  animals  should  be  bled  about  7  to  12  days  after  the  last 
injection. 

Precipitating  antisera  against  proteui  solutions  are  prepared  by 
similar  methods.  Two  or  three  injections,  however,  usually  suffice. 
The  sera  or  protein  solutions  used  should  be  sterile.  This  may  be 
accomplished  by  filtration  through  smull  porcelain  filters.  Injec- 
tions into  animals  may  be  made  subcutaneously,  intraperitoneally. 
or  intravenously.  The  subcutaneous  route  has  no  advantages  unless 
the  substances  to  be  iLsed  ar**  contaminated.  It  is  far  easier  to 
produce  precipitating  sera  against  proteins  like  hoi-se  serum,  egg 
albumin,  etc.,  than  it  is  to  produce  them  against  bacterial  substances. 
This  is  due  probably  to  the  fact  that  bacterial  bodies  contain  rela- 


*B.  Kraus,  Wien.  klhi.  Woch.,  1S97;  Sorrit,  Jour.  Inf.  DU.,  1  and  3,  1901 
'Myen,  Lancet,  ii,  IPOO. 
^y orris,  loc.  cit. 
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tively  little  loagulable  protein,  and  the  quantity  injected,  even  with 
the  largest  tolerable  doses  of  bacteria,  may  contain  but  very  small 
amounts  of  true  protein  forming  antigen. 

The  animals  are  weighed  from  time  to  time,  and  if  considerable 
loss  of  weight  ensues,  the  intervals  should  be  increased.  Doses  from 
2  to  5  c.c.  should  be  given.  In  giving  the  later  injections  the  danger 
of  anaphylaxis  must  be  remembered.  A  single  injection  of  a  large 
quantity  has  occasionally  yielded  a  precipitating  serum  of  consider- 
able strength,*  but  this  method  is  not  usually  successful.  Injections 
are  made  at  intervals  of  from  five  to  seven  days.  Seven  to  twelve 
days  after  the  last  injection  the  animals  may  be  bled  from  the  ear, 
and  a  preliminary  test  made  to  ascertain  the  precipitating  value  of 
the  serum.  If  this  is  insufficient,  more  injections  may  be  made. 
Bleeding  should  be  done  7  to  12  days  after  the  last  injection.  Such 
sera  may  be  preserved  in  the  dark  and  at  a  low  temperature.  If 
a  preservative  is  added,  Nuttall  prefers  chloroform  to  the  phenols, 
because  of  occasional  turbidity  produced  by  these.  Fomet  and 
MuUer*  and  others  have  recommended  rapid  methods  of  precipitin 
formation  by  injecting  relatively  large  amounts  of  the  antigen  daily, 
for  three  or  four  successive  days,  bleeding  on  the  fifth  or  sixth  day 
thereafter.  This  method  has  been  followed  by  a  number  of  workers 
subsequently,  and  is  often  successful,  sera  of  considerable  titers 
being  obtained.  In  our  experience,  however,  this  method  has  not 
shown  itself  to  be  entirely  advantageous,  since  it  is  rare  that  a  very 
potent  serum  is  so  produced,  and  also  animals  bleed  within  a  week 
after  repeated  large  doses,  may  show  in  their  serum  not  only  anti- 
bodies but  also  residues  of  antigen,  the  two  substances  not  united 
within  the  animal  body,  but  gradually  uniting  and  forming  precipi- 
tates after  the  serum  has  been  obtained  and  stored. 

This  phenomenon  of  the  simultaneous  presence  of  antigen  and 
antibody  in  the  circulating  blood  has  been  variously  explained,  the 
view  formerly  held  being  that  of  von  Dungern,  who  believed  that 
every  injected  antigen  contained  partial  antigens,  a,  b,  c,  etc.,  each 
of  which  produced  its  partial  antibody,  A,  B,  C,  which,  by  being 
present  in  unequal  proportions,  gave  rise  to  the  simultaneous 
presence  of  perhaps  a  and  B,  etc.     Our  own  opinion  is*  that  the 


*Miohael%g,  Deut.  med.  Woch.,  1902. 

*  Fomet  and  Muller,  Zeit.  f.  Hyg.,  66,  1910. 

*Zins$er  and  Young,  Jour.  Exper.  Med.,  17,  1913. 
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failure  of  iniion  in  the  circulating  blood  of  tho  livini?  animal  is  due 
to  actions  analogous  to  those  of  protective  colloids,  and  represent 
a  protective  mcdianism  Aviiich  represents  the  sudden  union  of  anti- 
gen and  antilK)dy  in  llic  circulation. 

Precipitating  aniisera  for  tests  should  be  clear.  If  turbid,  the 
sera  should  bo  filtered  through  small  Herkefcld  or  porcelain  candUa, 

PUEPAR  VTION  OF  liACTEHIAli  Fn.TltATEK  ANO   PUOTEIN  SOLmONS  FOB 

Precipitin  Tests. — bacteria  may  be  grown  in  nutrient  broth  haxnng 
an  initial  reaction  of  neutrality  or  five-tenths  per  cent  acidity  to 
phenolphthalein.  The  cultures  are  incubated  for  times  varying 
from  a  week  to  several  months,  and  are  then  filtered  through  por- 
celain or  Berkefeld  candles  until  perfectly  clear.  Bacterial  extracts 
may  also  be  made  by  emulsifying  agar  cultin-es  in  salt  solution, 
placing  at  37.5  V.  in  the  incubator  for  a  week  or  longer,  uud  filter- 
ing. More  rapid  extraction  of  bacteria  may  Ik*  aecomi»li.shed  by 
repeated,  rapid  freezing  and  thawing  of  salt-.solution  emulsions,  by 
shaking  in  the  shaking  machine  or  by  centrifugalizing,  rubbing  up 
the  Bediment  with  dry  salt,  and  the  addition  of  distilled  >vater  to 
isotonicity. 

Protein  solutions  to  be  tested  should  be  made  in  salt  solution. 
When  dealing  M'itli  blood  stains,  as  in  doing  the  test  for  forensic 
purposes,  the  stains  .should  bo  dissolved  in  salt  solution,  an  ap- 
proximate dilution  of  one  in  five  hundred  lieing  aimed  at.  This 
solution  if  turbid  should  be  filtered  through  a  small  porcelain  filter. 
It  should  be  clear  and  colorless,  show  a  faint  cloud  on  boiling  with 
dilute  acetic  acid,  and  show  distinct  froth  when  shaken. 

When  the  reaction  is  to  be  done  for  determining  the  nature  o 
meat  (detection  of  horse-meat  snh.stitution  for  beef,  ete.),  about  20 
to  40  grams  of  the  suspected  meat  are  macerated  in  a  flask,  and 
covered  with  100  c.c.  of  salt  solution.  This  mixture  is  allowed  to 
infuse  at  room  temperature  for  three  to  four  hours,  and  is  then 
placed  in  the  refrigerator  for  twelve  hour-s  or  more.  At  the  end 
of  this  time  2  c.c.  are  sliaken  into  a  test  tube.  If  profuse  frothing^ 
appears,  the  extract  is  ready  for  use.  It  is  then  filtered  clear,  either 
thn»ugh  paper,  or  through  a  Buchner  or  Nutsehe  filter.  Berkefeld 
filtei-s  may  also  bo  used.  The  solution  is  then  diluted  until  the 
addition  of  concentrated  UNO^  produces  only  a  slight  even  turbidity. 
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Before  ttse  the  reaction  of  the  meat  extract  should  be  tested,  and 
if  m'tH-Hsary  adjusted  to  neutrality  or  sliglit  a<;idity  or  alkelimty. 

iu  the  actual  test  with  bacterial  filtrate,  the  procedure  is  as 
follows:  In  a  aeries  of  narrow  test  tubes,  the  following  iniactures 
are  made: 

Tube  1.  Antibacterial  serum  .5  c.o,  +  bacterial  filtrate  I.  e.QL 

**  2.  Nortuttl  scrum  ,5  c.c.  -t-  bacterial  liltrate  1.  co. 

"  3.  Antibact^Tial  serum  .5  e.Cv  +  <^H  solution         1.  ex. 

"  4.  Salt  solution  .5  c.f,  +  bacterial  filtrate  1.  cc 

r  Place  the  tubes  iu  the  incubator  at  37,5"  C.  Tube  1  only  should 
ihow  u  haziness  which  develops  into  distinct  cloudiness  or  a  floc- 
mlent  precipitate  within  one  hour.    Tubes  2,  S,  and  4  should  remain 

rdear. 

in  testing  an  unknown  protein  with  sermu  of  an  animal  im- 
inunized  with  tiu*  protein  sought  for,  the  teeluiique  of  the  test  is 

.as  follows: 

1.  0.1  c.c.  immune  semm  -f  2  cc.  unknown  protein  solution. 

2.  OJ.  c.c.  immune  serum  -h  2  c.c  known  protein  solution  of  variety  sns- 
I>ectcd  f similarly  <liluted). 

3.  0.1  c.c.  iminunc  Kcruni   -f  2  c.c.  protein  solution  of  different  nature 
(similarly  dihilcd). 

4.  0.1  c.c.  iiimuinc  scniin  -|-  2  cc.  salt  solution. 

5.  2  o.c.  unknown  protein  solution. 

If  the  test  is  positive  a  precipitate  appears  in  tubes  1  and  2,  hut 
not  in  any  of  the  others.  The  precipitate  should  appear  witliin 
Itl5  to  20  minutes. 

Bactericidal  and  Bacteriolytic  Tests. — The  bactericidal  snd  bao- 
inoJytic  powers  of  serum  may  be  tested  either  in  the  animal  body 
or  in  the  test  tube.  The  in  vivo  test  is  known  as  Pfeiffer's 
phenomenon.  This  depends  upon  the  fact  that  haotoria.  when  in- 
jected into  the  peritoneal  cavity  of  a  guinea-pig,  together  with  a 
liomolof^us  immune  serum,  undergo  dissolution. 

As  practiced,  the  test  finds  a  double  application.  It  may  be,  done 
to  determine  the  bacteriolytic  power  of  a  given  serum  against  a 
known  mioroorganisra,  or  for  the  identification  of  a  particular  micro- 
organism by  means  of  its  sugceptibility  to  lysis  in  a  known  immune 
serum. 
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1.  Determination  of  the  bacteriolytic  power  of  sentm  against  a 
known  microorganism  in  vivo:^ 

A  number  of  dilutions  of  the  serum  arc  made  with  sterile  neutral 
bouillon  or  salt  solution,  ranging  from  1  in  20  to  1  in  500,  or  higher. 
It  is  convenient  to  make  a  first  solution  of  1  in  20.  One  c.c.  of 
this  mixed  with  4  c.c.  of  broth  will  g^ve  1  in  100.  One  c.c.  of  the 
1  in  100  dilution  with  1  c.c.  of  broth,  2  c.c.  of  broth  and  4  c.c.  of 
broth  will  give  1  in  200,  1  in  300,  and  1  in  500  respectively.  Into 
one  cubic  centimeter  of  each  of  these  dilutions  there  is  placed  one 
platinum  loopful  of  a  twenty-four-hour  agar  culture  of  the  micro- 
organism against  which  the  serum  is  to  be  tested.  Into  another  test 
tube  is  placed  4  c.c.  of  broth,  without  serum,  and  with  one  loopful 
of  the  microorganisms.  The  mixtures  are  thoroughly  emulsified  in 
each  case  by  rubbing  the  bacteria  against  the  sides  of  the  tube  with 
the  platinum  loop. 

Intraperitoneal  injections  into  guinea-pigs  are  then  made  of  1  c.c. 
of  each  of  the  serum-dilution-bacterial-emulsions.  A  control  guinea- 
pig  (better  two  or  three)  receives  1  c.c.  of  the  broth  emulsion — 
one-fourth  as  many  bacteria,  therefore,  as  the  animals  receiving  the 
serum  dilutions. 

Before  making  the  injections,  areas  on  the  lateral  abdominal 
walls  of  the  guinea-pigs  are  shaved,  and  small  incisions  made  through 
the  skin,  down  to  the  muscular  layers.  The  needle  of  the  syringe 
is  then  introduced  perpendicular  to  the  skin  until  it  has  penetrated 
the  peritoneum,  and  then  carefully  slanted  to  avoid  puncturing  the 
gut.  The  animals  need  not  be  strapped  down  during  this  procedure 
and  afterward  may  be  allowed  to  run  about. 

After  one-half  hour,  and  again  after  one  hour  has  elapsed,  a  drop 
of  peritoneal  exudate  is  removed  from  each  guinea-pig  and  examined 
in  the  hanging  drop  for  granulation  and  swelling  of  the  bacteria. 
The  method  of  obtaining  the  peritoneal  exudate  is  as  follows :  Small 


Fia.  39.— Capillart  Ptpbttb  job  Removal  or  Exudaiv  in  Doing  the  Pfedter 

Tbot. 

glass  tubing  is  drawn  out  into  capillary  pipettes,  the  ends  of  the 
capillaries  being  again  drawn  to  fine  points  in  a  small  yellow  flame. 


"  P.  Th.  Mailer,  * '  Technik  d.  serodiagnos.  Methoden, ' '  Jena,  1909. 
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nnmber  of  such  pipettes  shonld  be  prepared  l)pfore  the  test  is 
bcgiiii.  Tlie  guinea-pig  is  then  held  dowu  upon  a  table,  cither  by 
an  assistant  or  by  the  left  hand  of  the  operator,  and  the  point  of 
the  pii)ette  puslied  through  the  eut  in  the  al»dominaI  wall  into  the 
pcritoneuui  by  a  sharp,  quick  thrusting  motion.  A  column  of  peri- 
toneal rtuid  will  run  into  the  glass  tubing  by  capillary  attraction; 
this  cn!\  then  be  blown  out  upon  a  cover-slip  for  hanging-drop 
examination  or  may  be  blown  upon  a  slide,  smeared,  and  examined 
after  staining.  The  reaction  is  regarded  as  po«itiv4'  if  within  thirty 
minutes  to  an  hour  the  peritoneal  exudates  of  the  aninmis  receiving 
immune  sera  coTitain  only  swollen  or  disintegrated  microorganisms, 
while  in  that  of  the  control  animals  only  well-preserved  and  unde- 
generated  bacteria  are  found.  In  dealing  with  tj-phoid  bacilli  and 
cholera  spirilla,  in  connection  with  which  the  test  Ls  most  often 
used,  active  motility  in  the  controls  is  of  much  Jielp.  Should  there 
be  extensive  degeneration  of  the  bacteria  in  the  exudate  of  the  con- 
trol animals  the  test  is  of  no  vahie. 

2.  Identification  of  a  microorganism  by  observing  its  svsceptibilitij 
to  lysis  in  a  known  immune  serum  in  vivo: 

The  technique  for  this  test  is  practically  the  same  as  that  of 
the  preceding  except  that  in  this  ease  we  reqtiire  a  potent  known 
immune  serum  and  normal  serum  for  control.  It  is  neceasaiT*, 
furthermore,  that  by  previous  tests  we  should  know  the  degree  of 
dilution  in  ^'hich  the  immune  serum  will  cause  complete  bacteriolysis 
of  the  microorganism  used  in  its  production.  Thus,  Jf  we  are  em- 
ploying a  typhoid  immune  serum  and  are  about  to  test  by  this 
method  an  unknown  Gram-negative  bacillus,  we  must  know  the 
titer  of  the  serum  for  the  typhoid  bacillus  it.self. 

Mlxtiu'es  are  then  made  of  dilutions  of  this  serum  and  definite 
quantities  of  the  microorganism  to  he  tested.  It  is  best,  always, 
to  employ  from  ten  to  one  hundred  times  the  amount  of  immune 
serum  which  suffices  to  produce  lysis  with  its  homologous  micro- 
orgaidsm.  Thus,  if  the  serum  has  been  found  to  be  active  in  dilu- 
tions of  1:1.000,  it  is  employed  in  the  test  in  dilutions  at  1:1,000, 
1:100,  and  1:10.  These  dilutions  are  then  injected  into  guinea-pigs 
in  quantities  of  1  c.c.  togt-ther  with  the  bacteria  to  he  tested,  and 
control  guinea-pigs  are  injected  with  undiluted  normal  serum  mixed 
with  the  bacteria  and  ^vith  salt  solution  and  the  bacteria.  The 
exudates  are  then  observed  in  the  same  way  as  in  the  preceding 
experiment. 


/ 
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B^  colony  connlin^  after  the  plotca  bave 

to  estinate  the  degree  of  haetismi 

«£  «|»  giv«ii  dilotions^ 

the  testt  dilations  of  the  inaetivated 

from  1:10  to  1 :1,000  and  over.    An 

a  ttrenty-four-hoar  agar  »Uut  is  th«a 

a  tweuty-four-hour  broth  cultun-  propi-riy 

A.     CocupU'mcnt   is  obtained   by  taking  fresh 

and  diluting  it  \ni\\  salt  solution  1 :10  or  1:15. 

^fertft  tttbv««  then,  1  c.c.  of  each  of  the  semm  dilutions 

Mtol  ^  cork  tube  is  added  0.5  cc.  of  the  diluted  freab 

^complewent).    To  these  mixtures  the  bacteria 

In  adding  the  bacterial  emulsion  to  these  tubes. 

iMHid  it  more  accurate  to  discard  the*  use  of  the 

to  measure  the  bacterial  emulsion  in  a  marked 

aiKh  as  that  used  in  the  opsonin  test.     (See  page 

g^  m^    Tke  eoQtiolii  are  set  up  iu  a  similar  way,  all  of  them 

%  ateilar  quantity  of  bacterial  emulsiona,  one  control 

\5  '  Milt  solution,  another  control  containing  1  r.e. 

oA  yujfc  TjtftalT"  <  •^'-  ^^  ^^<^  diluted  complement,  and  the  third 

^iggl^  coifctahning  inactivated  normal  serum   1  c.c.  -^  0.5  cc.   of 

It,     I>t'finite  quautities  of  these  mixtures,   taken 

^  ^LHIti^"^  loop,  or  preferably  with  u  capillary  pipette,  are 

ilft  aie^  immediately  after  mixing, 

>•  teeubation  for  two  or  three  hours  similar  quantities  are 

••^•^^Mttn^l  into  tulk'S  of  melted  agar  with  the  capillary  pipette. 

•tU  practice,  great  accuracy  in  these  measurements  can 

I     The  inoculated  agar  tubes  arc  very  thoroughly  mixed, 

>,.«,,♦  an*  [ioured.    At  the  end  of  twenty-foiu-  hours'  incubation, 
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m  cnumoratum  of  the  ooloniea  in  the  various  plate*  is  made  and 
(•the  results  arc  compared, 

BACTKRICIDAL  TK8T  IN  VITRO 
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The  ttt  vitro  bactericidal  tests  have  been  employed,  practically, 
ihiefly  in  the  diagnosis  of  typhoid  fever  by  Stern  aiul  ivorte."  While 
;he  serum  of  norma!  individuals  sliows  practically  no  bactericidal 
power  for  typhoid  bacilli,  the  sera  of  typhoid  patients  may  be  ac- 
tively bactericidal  in  dilutions  as  high  as  1  -.50,000. 

Protection  tests  iu  mice,  etc.,  are  described  under  the  **8tandard- 
ization"  of  pneumococcus  and  streptococcus  serum  in  the  chapters 
•dealinf?  with  these  organisms. 

Hemolytic  Tests. — Dftermination  of  the  hemolytic  action  of  blood 
jjonm>,  haclorial  filtrates,  and  of  a  variety  of  other  substances,  such 

tissue  extracts  and  animal  and  plant  poisons,  is  frequently  made 

n  bacteriological  laboratories.     Familiarity  with  the  methods  of 

•carrying  out  such  tests  is  especially  essential  since  hemols'tic  tests 

larr  also  employed  in  determining  other  serum  reactions,  such  as 

the  ** complement-fixation  testa^'  discussed  in  another  section. 

For  these  tests  it  is  lucessary  to  prepare  washed  red  corpuscles 
of  the  species  of  animal  against  wlueh  the  hemolysins  are  to  be 
tested,  and  to  obtain  these,  blood  may  be  taken  in  one  of  the  follow- 
ing ways: 

A.  If  small  quantities  of  blood  corpuscles  are  desired^  the  blood 
may  he  received  into  a  sterile  teat  tube  into  which  a  copper  or  other 
.wire  bent  into  a  loop  at  the  lower  end  has  been  introduced.    This 


•  Stem  una  Korte,  Berl.  Min.  Woch.,  1904. 
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U  used  to  prevent  clotting  and  to  remove  the  fibrin.  Immediately 
after  receiving  the  blood  into  this  lube,  the  wire  is  twirled  between 
the  flngcni  no  that  the  blood  \h  !»ealen  by  the  wire  as  by  an  egg- 
beater  At  tlie  end  of  Ave  minuleH  of  continuous  agitation,  the 
fibrin  adhering  in  a  raawt  to  the  wire  may  be  lifted  out.  The  cor- 
paaeb'H  arc  thi^n  waiihed  and  centrifugalized  in  several  eliangcH  of 
aalt  Roliitioti  to  remove  all  traeeif  of  serum,  and  are  finally  emulsified 
in  aalt  isolation. 

B.  Tlio  blood  may  be  taken  into  a  centrifuge  tube  and  imme- 
diately eentHftitraliyed  Iwforc  elottinK  has  taken  place.  The  plasma 
b  then  poured  oiT  and  the  corpuseks  are  washed  with  salt  solution, 
aa  before,  to  remove  the  nenim. 

C.  Thi'  blood  may  Ik*  taken  directly  into  a  solution  containing 
live-tcntlm  per  cent  sodium  elilorid  and  one  per  cent  sodium  citrate. 
The  corpiwelea  are  concentrated  by  centrifugalization,  the  citrate 
Hohition  la  decanted,  arifl  nirjiuHeleH  arc  washed  with  salt  solution, 
aa  before,  to  remove  the  serum. 

D.  When  large  tiuantities  of  blood  are  desired,  either  from  man 
or  from  an  animal,  the  blood  nmy  be  received  directly  into  a  flask 
Into  which  a  do>:en  or  morc^  glaHN  heads  or  short  pieces  of  glass 
tubing  have  been  placed.  The  tluHk  is  shaken  for  five  or  ten  minutes, 
Immediately  after  the  blood  haa  been  taken  and,  in  this  way,  de- 
fibrination ia  accomplished. 

Since,  for  crmiparative  teats,  it  is  necessary  to  establish  some 
Ntandard  concentration  of  red  blood  cells,  it  is  customary  in  these 
t<*»its  to  employ  a  five  per  cent  emulsion  of  corpuscles  in  salt  solution. 
To  obtain  this,  one  volume  of  sediment  of  waHheil  red  blood  eella 
is  mixed  with  nineteen  parts  of  0.85  per  cent  salt  solution.*"*  Huch 
an  emulsion,  if  kept  sterile  and  in  the  refrigerator,  will  serve  for 
hemolytic  tests  for  from  one  to  three  days.  An  emulsion  should 
not  be  used  if  the  supernatant  salt  solution  shows  any  transparent 
rcdnesK.  ns  this  indicates  hemolyais. 

If  the  substance  in  which  hemolysins  are  to  be  determined  is 
scrum,  this  should  be  inactivated  by  exposure  to  56**  C.  in  a  water 
bath,  aiul  t(»  each  test,  complement  may  Ik*  added  in  the  form  of 
fresh  guinea-pig  or  rabbit's  serum.    Xo  absolute  mle  for  the  quan- 


••  T*he  method  here  (jivon  was  formerly  much  emplojed.  It  is  now  tho  general 
praetiee,  howerer,  to  iiar  one  volume  of  the  actual  WKUment  to  nineteen  vnlumei 
uf  anit  Bolurion. 
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tity  of  complement  to  be  used  in  these  tests  can  be  given.  In  each 
ca^se  the  particular  compleuicut  used  should  be  titrated  to  determiue 
the  minimum  quantity  which  will  produee  hemolysis  of  1  c.c.  of  the 
sensitiicd  cell  suspension. 

In  the  actual  testi  mixtures  are  made  of  the  corpuscle  emulsion, 
the  inactivated  immune  serum,  and  complement  in  small  test  tubes 
and  the  volumes  of  the  various  tubes  made  equal  by  the  addition 
of  definite  quantities  of  salt  solution.  The  contents  of  the  tubes 
are  thoroughly  mixed  and  the  tubes  put  in  the  incubator  or  in  a 
water  bath  at  37.5°  C  If  complete  hemolysis  occui's,  the  fluid  in 
the  tube  will  assume  a  deep  Burgundy  red.  If  no  hemolysis  occurs, 
the  fluid  will  remain  uneolored  and  the  corpuscles  will  settle  out. 
Incomplete  hemolysis  will  be  e\'idenced  by  a  lighter  tinge  of  red 
in  the  tube  and  the  settlmg  out  of  a  varying  quantity  of  blood 
corpuscles. 

Li  all  hemolytic  tests  the  time  element  is  important.  No  hemolysis 
should  be  adjudged  as  incomplete  luiless  at  least  one  hour  has 
elapsed. 

ISOAaOLUTININS 


In.  1901  Landsteiner  found  that  22  individuals  whose  blood  he 
studied  could  be  divided  into  three  groups  with  respect  to  iso- 
hemoagglutinins.  It  was  found,  in  other  words,  that,  analogous  to 
the  isoiysins  described  by  Ehrlieh  and  his  co-workers  in  the  case 
of  goats,  himian  beings  eould  exert  specific  hemoagglutinating  action, 
and,  in  some  cases,  liemolytic  action  upon  the  corpuscles  of  other 
individuals.  This  is,  of  course,  of  the  gi^eatest  importance  in  con- 
nection with  transfusion  tests.  It  is  hardly  wortli  while  to  go  into 
detailed  historic  considerations  in  this  place.  Subsequent  investiga- 
tion has  shown  that  there  are  four  main  isoaggiutinating  groups 
among  human  beings.  The  first  classifieation  of  this  kind  was  made 
by  Jansky.  Subsequently,  a  similar  classification  was  made  by  Moss, 
but  unfortunately  Moss  reversed  the  tabulation  in  such  a  way  that 
Jansky 's  group  I  became  Moss's  group  IV,  and  vice  versa.  In 
America  the  Moss  classification  has  become  univereal,  and,  for  this 
reason,  the  table  given  below  represents  the  Moss  classification.  It 
mu.st  be  borne  in  mind  by  all  workers  who  control  human  transfu- 
sions on  this  test,  however,  that  such  a  reversal  of  Moss  and  Jansky 
exists,  and  whenever  report  is  rendered  it  must  be  made  entirely 
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yAaiu  wUeh  clajwificatkon  is  beiug  referred  to,  and  the  sorologlst 
smbi'M'tet*  to  it  thut  no  error  arises  from  inisundei*staiidiiig. 

The  ttble  hidical^H  also  that  the  blood  groups  can  be  explained 
by  Ihc  rxi-ttefiee  of  two  agglutinins,  a  and  p,  and  two  aggiutinogens, 
A  and  B.  How  those  may  determine  the  reaction,  the  table  makes 
clear. 
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(iriHiit  i  loiiMlilutt'H  uljout  S  per  cent  of  human  beings.  This 
groiip  Ih  gerii-rall.v  naid  to  be  capable  of  receiving  blood  from  group 
f,  M,  III,  ami  IV,  but  may  Ik;  uned  as  a  donor  only  for  group  I. 
It  la  MpdUrij  of  ftjH  a  unlverHal  n-eipienl.  although  it  is  best  to  avoid 
tbia  Nrid  iiHe  the  Hunir  group,  if  |>o!Miblc. 

Omiip  11  (MmatilulOH  about  40  per  cent  of  all  persons,  and  may 
\%ri  luiMJ  \\H  a  dotior  for  groupa  1  and  II,  or  may  receive  from  group 
II   MMfl   (V. 

Unuip  III,  about  10  or  more  per  cent,  may  be  used  as  donor 
for  group  I  find  111,  or  rnay  receive  from  gi'oups  III  and  IV'. 

(Iriiup  IV,  nliout  TjO  jirr  eent  of  individuals,  may  receive  from 
group  IV  (»nly,  but  la  spoken  of  aa  the  "universal  donor."  How> 
■fer,  reeeni  wrilera,  especially  linger,  bav*'  warned  against  the  use 
of  Ibe  ao-ealleil  "uiiivcnial  donor'*  since  severe  reactions  have  re- 
aulted  following  the  use  of  group  IV  donors  for  people  of  another 
grnup. 

Ill  III!  I  i-^'M  it  iK  al»'ays  best  to  try  to  get  a  donor  of  iht*  same 
group 


THK  TKCHNIQUK  OF  SERUM   REACTIONS 


316 


[tests  may  bo  done  in  a  ntunhi^r  of  different  ways;  tin-  must 
Jwriod  out,  iiowevcr,  is  the  8o-<inll('(i  ^VuU-  jiKtfliiliiiJitit.n  uliitli 
ftiras  introduced  during;  the  war. 

In  order  to  properly  type  an  unknown  blood,  sera  froiu  g'^"!* 
m  and  III  should  be  uvaUable.  A  drop  of  each  of  these  sera  iw 
mt  upon  a  slide  and  the  corpuaeles  of  the  unknown  blood  ndded 
[ether  in  the  form  of  a  fraction  of  a  drop  of  the  blood  taken  directly 
'om  the  finger  or  car  of  the  subject,  or.  better,  u  fraction  of  a  drop 
of  defibnnated  blood  or  blood  taken  into  about  twice  its  volume 
Oi^Sait  solution  or  sodium  citrate  solution.  The  prcp^iration  of  tlie 
Uood  to  be  tested  is  so  simple  that  nothing  further  need  be  said. 
The  corpuscles  so  obtained  are  mixed  with  the  types  of  HCra  of 
[types  II  and  III.  By  referring  to  the  table  it  will  be  easily  seen 
it,  if: 

The  blood  agglutinates  in  neither  of  the  sera,  the  subject  belongs 
to  type  IV. 

If  the  cells  agglutinate  in  type  II,  and  not  in  type  III  seinim, 
the  subject  belongs  to  type  III. 

If  the  corpuscles  agglutinate  in  type  III  and  not  in  type  II 
senun,  the  subject  belongs  to  type  11. 

If  the  corpuscles  agglutinate  in  both  sera,  the  subject  belongs 
to  type  I. 

The  blood  types  as  described  above  are  among  the  few  serological 
tcActions  which  are  inheritable  by  Mendeliun  laws.  They  are  notj 
however,  present  in  the  child  at  birth.  According  to  recent  studioa 
[ijy  i'ngcr,  only  about  25  per  cent  of  new  born  infants  have  cells 
that  can  be  agglutinated.  And  only  about  13  per  cent  of  new  born 
elxildren  have  isoagglutinins.  Incompatibility  between  mother  and 
'Child  may  occur. 

The  Determination  of  Antibodies  in  Sera  by  Oomplement  Fixa- 
tion.— Tlie  principle  of  complement  fbcation,  discovered  by  Bordet 
id  Gengoii^*  in  1901.  has  been  utilised  both  in  baeteriologieal  inves- 
igations,  and  in  practical  diagnosis  for  the  determination  in  senira 
if  the  presence  of  specific  antibodies.     The  reaction  depends  tuion 
[the  fact  that  when  an  antigen,  i^e.,  a  substance  capable  of  stinuilaling 
he  formation  of  antilwdiesTiB  mixed  with  its  inactivated  antiserum, 
-m  the  presence  of  eiimidement,  the  complemtnt  is  fixed  by  iho  enni- 
bined  immune  body  and  antigen  and  can  no  lon^^er  be  found  free  in  the 


"Bordei  and  Gcngou,  Ann.  de  rinst.  Pastour,  xv,  1901. 
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njixture.  If  such  a  mixture  is  allowed  to  stand  at  temperature  for 
an  hour  or  more,  and  to  it  is  then  added  an  emulaion  of  red  blood 
cells  together  with  inactivated  hemob^ic  senun,  no  hemolysis  will 
take  place,  since  there  is  no  free  complement  to  complete  the  hemolytie 
system.  If,  on  the  other  hand,  the  original  mixture  contains  no  anti- 
body for  the  antigen  used,  the  complement  present  is  not  fixed  and 
is  available  for  the  activation  of  the  hemolytic  serum  later  added. 

The  reaction  thus  depends  upon  the  fact  that  neither  antigen" 
alone,  nor  amboceptor  (antibody)  alone,  can  ftx  complement,  but 
that  this  fixation  is  carried  out  only  by  the  combination  of  antigen 
plus  amboceptor.  Any  specific  can  be  determined  by  this  method, 
provided  the  homologous  antigen  is  used ;  and  tnce  versa,  by  the  use  of 
a  known  antibody  a  suspected  antigen  may  be  determined. 

When  testing  immune  sera  for  antibodies  given  rise  to  in  man  or 
animals  by  microorganisms  which  can  be  cultivated,  either  the  whole 
bacteria  or  extracts  of  the  bacteria  may  be  used  as  an  antigen. 

For  the  diagnosis  of  syphilis  by  this  method,  in  the  so-called 
"Wassermanu  reaction,*'  the  antigen  employed  was  originally  ob- 
tained by  the  extraction  of  syphilitic  organs,  in  which  free  syphilitic 
antigens,  i.e.,  uncombined  products  of  Spirochsete  pallida,  were 
assumed  to  be  presoiil. 

It  has  been  more  recently  shown,  however,  that  the  Wassermann 
reaction  is  not  specifir  in  any  Hense  of  the  word  and  that  suitable 
antigens  can  Im'  produced  by  the  alcoholic  extraction  of  lipoids  from 
the  normal  organs  of  many  animals  and  man. 

Bacterial  rxtnirtK  for  cumi>loiuent-fixation  can  be  made  in  various 
ways.  The  usi*  af  thick  salt  solution  suspensions  of  the  cultures  them- 
selves is  not  advisable  because  of  the  anticomplementary  action  of  mich 
suspensions.  Good  bnctcrini  antigens  can  be  produced  by  centrifugal- 
i^ng  them  from  salt  solution  suspensions  and  adding  to  about 
20  mgms.,  9()  mgms.  of  common  salt,  rubbing  up  with  a  glass  rod 
for  an  hour,  and  then  adding  distilled  water  to  isotonicity.  This  is 
the  method  of  Besrcdka.  This  method  has  been  used  with  success  by 
Miller  and  Zinsser  in  the  case  of  tubercle  bacilli  for  complement- 
fixation  in  tuberculosis. 

Wassermann  and  Bruek  ^^  prepare  bacterial  antigen  by  emulsifying 


**  Bordet  and  Gay^  Ann.  de  1  'inst.  Pastear,  xi,  1906. 

"  Wasttrmonn  und  Bruckj  Med.  Klinik,  55,   1905,  mnd  Deut.  med.  Woeh.,  xii; 
1900, 
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ths  of  about  ten  agar  slant  cultures  in  10  c.o.  of  sterilo,  distilled 
water.  This  is  shaken  for  twenty-four  hours  in  a  shaking  apparatus. 
At  the  end  of  this  time  0.5  per  cent  of  carbolic  acid  is  added  and  the 
fluid  cleared  by  centrifugalization. 

The  Waasermami  Test  for  the  Diagnosis  of  Syphilis.'* — The  sub- 
stances for  the  test  arc  the  following: 

I.  The  Antigen, — In  their  original  experiments.  Wassermann  and 
tis  collaborators  made  use  of  salt-solution  extracts  of  the  organa 
(chiefly  of  the  spleen)  of  a  syphilitic  fetus.  The  tissue  was  cut  into 
small  pieees  and  to  one  pai't  by  weight  of  this  substance,  four  parts  of 
normal  salt  solution  and  0.5  per  cent  of  carbolic  acid  were  adtled.  This 
was  shaken  in  a  shaking  apparatus  for  tweuty-four  hours,  and  after 
tliis  the  coai*ser  particles  removed  by  cent rifuRalizat ion.  The  reddish 
supernatant  fluid  was  useii  as  the  antigen  and  could  be  preserved  for 
a  long  time  in  dark  bottles  in  the  ice  chest. 

Alcoholic  extracts  of  syphilitic  organs  were  subsequently  itsed  by 
number  of  authors,  syphilitic  liver  l)eing  extracted  for  twenty-four 
iliours  vfhh  five  tiniest  the  volume  of  absolute  alcohol.  This  was  Altered 
through  paper  and  the  alcohol  evaporated  im  tmcun  at  a  temperature 
Hot  above  40°  C.  About  1  gram  of  this  material  was  then  emubiified 
in  100  c.c,  of  salt  solution  to  which  0.5  per  cent  of  carbolic  acid  has 
been  added. 

It  was  soon  found  that  the  Was.sermann  antigen  was  a  purely  non- 
specific substance,  and  since  this  discovery  was  made,  there  are  few 
laboratories  in  which  sjT)hilitic  organs  are  still  used.  It  appears 
that  li])oidal  extracts  from  almost  any  tissue  can  be  employed,  and 
that  fairly  useful  antigens  can  even  be  obtained  with  solutions  of 
eommercial  lecithin  and  mixtures  of  commercial  lecithin  and  sodium 
oleate.  It  is  apparent,  therefore,  that  in  the  Wassermann  reaction  an 
even  suspension  of  lipoidal  substances  constitutes  the  antigen,  and 
that  the  complement-fixing  complex  is  made  by  these  antigens  in  com- 
bination with  some  .substance  spoken  of  by  No^chi  as  **lipotrophic'*  in 
the  syphilitic  serum,  which  has  probably  no  relation  to  true  antibody. 
Our  own  work  with  treponema  pallidum  antigen  would  tend  to  eon- 
firm  this,  as  well  as  the  experience  of  Noguchi,  Craig  and  Nichols, 
Kolmer,  and  others,  who  have  found  that  a  pure  treponema  pallidum 
extract  gives  reactions  in  only  a  few  late  tertiary  cases,  running  not 


**  Wa4termann,  Neisatr  and  Bruck,  Deut.  med.  Woch.,  xix,  1906;  Wa$9ennann, 

A'rtMfr,  Bnick  uml  Schucht,  Zeit.  f.  Hyg.,  Iv.  1906. 
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«l.  all  parallel  to  the  fixations  ohtained  with  non-sx>Pciflc  lipoidal  sub- 
stances. Although  we  are,  at  the  present  writing,  still  in  the  dark  as 
to  whether  the  syphilitic  antigen  depends  for  ita  properties  upon 
the  lipoidal  nature  of  the  extracts  or  npon  the  size  and  disposition  of 
the  particles  preHMit  in  the  extraots,  we  can  still  assert  that  the  test  is 
reliable  and,  with  care  in  execution  and  interpretation,  of  enormous 
value  in  the  diagnosis  of  syphilis.  However,  it  is  necessary  to  I'ecog- 
niEc  that  it  is  surely  not  a  speciHo  antigeii-antihody  reaction. 

The  antigens  most  eonimoTdy  in  uae  today  are  prepared  as  follows: 

1.  Beef  heart  or  guinea-pig  heart  nuiscle  is  finely  chop]>ed  up  and 
extracted  in  live  times  its  volume  of  absolute  alcohol.  This  mixture 
is  kept  5  to  7  days  in  the  incubator.  iK'ing  frequently  shaken.  It  is 
then  filtered  and  titrated.     Human  hejirt  muwde  may  also  be  used. 

2.  Noguchi's  Acetone  Insoluble  Lipoid  Antigen.  Fresh  spleen  is 
macerated  and  extracted  for  5  to  7  days  in  the  incubator  in  five  times 
its  volume  of  al)sr»lute  alcohol,  being  frequently  shaken.  It  is  then 
filtei-ed  and  evapurated  to  dryness  with  the  aid  of  a  fan.  The  sticky 
residue  is  taken  up  in  a  small  quantity  of  ether  and  this  ether  solution 
ponriMl  into  four  times  its  volume  of  C.  P.  aoelone.  The  floceular 
precipitate  which  forms  is  collected  and  can  be  preserved  under 
acetone.  About  0.2  gram  of  this  paste  is  dissolved  in  5  c.c.  of  ether. 
This  is  shaken  up  with  100  c.c.  of  salt  solution  until  the  ether  is 
evaporafe<l.    The  resulting  antigen  is  titrated, 

3.  (Jhlori-slerinizcd  Antigen.  According  to  the  nrsearches  of  Sachs 
and  Hondoni,  Browning  and  Cmikshank,  and  Walker  and  Swift, 
antiir^i  can  hv  made  more  delicate  hy  the  addition  of  cholesterin. 
Walker  and  Swift  recommend  that  an  alcoholic  extract  of  human  or 
guinea-pig  hcArt  be  made  up  to  a  concentration  of  0.4  per  cent  of 
choleJrterin. 

A  large  nnmber  of  other  antigens  might  be  mentioned,  but  we 
think  that  the  thre<»  mentioned  above  r^^present  the  most  important, 
and  in  principle  all  of  those  at  pre?ient  in  common  use. 

.  Before  an  antigen  can  be  used  for  the  actual  ti^t,  it  is  necessary  to 
det*nninc  the  quantity  whii'h  will  furnish  a  v«lid  result.  The  sub- 
stuiWM's  \vhi«.'h  are  usL-d  m.s  ariti^''pns  oftt-n  hav<-  thr  power,  if  used  in  too 
large  ^auaitity.  of  thrn|selvi>^  Ki^.lW.fy  ,....n[.li.|im,t  It  is  necessary. 
therefore,  to  determine  the  largest  quantity  of  each  yiven  antigen 
wfiifli  mav  be  iLsed  without  exert injf  nn  anti-coniplementary  flctinn^ 
Kc,  whiL-h  will  not  inhihit  in  thr  T>resence  of  norioiil  srruni  but  which 
will  at  the  snme  time  iniiibit  hemolysis  when  syphilitic  serum  i<  used. 


This  is  done  by  mixing  gi-aded  quantities  of  the  antigen  with  a  con- 
stant quuntity  of  compleiut-ut  CO.l  r,c.  of  fresh  jriibica-pig  st^runi).  in 
duplicate  sets^  adding  to  each  tubo  uf  one  set  U.2  r.u.  of  a  rmniial 
seruiu,  and  to  the  other  0^2  e.e.  of  u  known  syphilitic  serum.  These 
suhstaiices  are  allowod  to  renmiu  together  for  one  hour  and  then  red 
blood  eorpuwleis  and  inactivated  iieniolytie  jserum  are  addi;d.  The 
quantity  whieh  ha^  given  complete  inhibition  with  the  syphilitic  serum, 
but  absolutely  no  iuhibition  with  normal  serum,  is  the  one  to  be 
employed  in  sub9c<|uent  reactions.  Before  actual  use,  it  is  convenient 
to  make  a  dilution  of  antigen  in  tmU.  solution  in  sueh  a  way  that  1  c.c, 
shall  eontain  the  amount  required.  Thus  if  0.05  c.c.  Ls  wanted,  mix 
0.5  e.c.  with  9.5  e.c.  salt  solution.  Tlien  1  ex.  of  this  can  be  added  to 
each  tube  in  the  test. 

II.  Thr  Iffi>n>Ifjti>  .<rri/ff^, — The  htMnolylie  amboceptor,  for  iiie 
rcaetion,  is  Qbtaino<i  hv  iiU'CtiTig  into  rabbits  the  AVii.sht^!d  rt^d  Ijlood 
corpuscles  of  a  siieep.  A  5  per  cent  emulsion  of  the  eorpuscles  is  made 
and  of  this  5  c.c.,  10  e.e..  15  c.c,  etc.,  arc  injcettHi  at  intervals  of  five 
or  six  days.  Three  or  four  graded  injections  of  this  kind  are  UMially 
sufficient  to  furnish  a  serum  of  adequate  hemolytic  power.  The  injec- 
tions nmy  be  made  iiitraperitoneally  or  iutravcnoiisly.  About  nine  or 
ten  days  after  the  last  injection  of  corpuscles,  the  rabbit  is  bled  from 
the  carotid  artery  and  the  scrum  obtained  by  pipetting  it  from  the 
clot. 

It  is  best  to  have  a  hemolytic  senjm  of  high  poteue^^  in  order  that 
jiie  quantities  ns<.'d  for  thr  rciiclion  may  be  as  small  as  passible.  This 
is  desirable  because  of  the  fact  that  the  serum  may  contam  small 
amounts  of  precipitins  for  sheep's  sernm,  due  to  insufficient  washing 
of  the  corpuscles  employed  in  the  imnmnization. 

It  is  necessary  to  carefully  titrate  the  hemol>'tic  serum.  For  the 
actual  reaction  most  observers  make  use  of  two  hemolytic  units.  A 
hemolytic  unit  is  the  quantity  of  inactivated  immune  serum  which,  in 
the  presence  of  eoiiiplement,  suffices  to  eaasc  complete  hemolysis  in 
1  c.c.  of  a  5  per  cent  emulsion  of  washed  blood  eori)aseles.  It  is  the 
custom  in  most  laboratories  today  to  halve  all  the  quantities,  using 
0.5  c.c.  of  the  suspension  instead  of  1.0  c.e.  and  other  ingredients 
accordingly.  Noguchi  ^^  has  pointed  out  very  clearly  the  dangers  oi 
not  delicately  adjusting  the  quantity  of  amboceptor  used  in  the  reac- 


^Hoffuchi,  Poc.  8oc.  for  Exper.  Biol  and  M«l.,  VI.  3,  1900. 
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tion.  He  calls  attention  to  tho  experiments  of  Morgenroth  and  Sachs  '♦ 
who  have  shown  that  the  relationship  between  complement  and  ambo- 
ceptor neceiwary  for  hemolytic  reactions  is  one  of  inverse  propwrtions. 
In  their  own  words,  *'in  the  presence  of  larger  quantities  of  ambo- 
ceptor, smaller  quantities  of  complement  suffice,"  and  vice  versa. 
Noguchi,  in  Win  work,  has  found  that,  while  in  the  presence  of  one 
unit  of  aml>oceptor,  0.1  c.c.  of  guinea-pig's  complement  is  required  to 
produce  hemolysia,  by  using  four,  eight,  and  twenty  units  of  ambo- 
ceptor, complete  hemolysis  is  obtainable  with  one-lhird,  one-fifth,  and 
one-tenth  of  the  O.l  c.c.  of  complement,  respectively.  For  this  reason 
an  excess  of  amboceptor  might  result  in  complete  hemolysis  in  a  test, 
if  a  small  fraction  of  the  complement  were  left  unfixed  by  the  syphil- 
itic antibody.  Another  result  of  an  excess  of  amboceptor  w*ould  con- 
sist in  a  piirtinl  dissociation  of  the  complement  from  its  combination 
with  the  uiitigen-antilKKly  compound.  As  Noguchi  puts  it,  "a  quantity 
of  syphilitic  antibody  just  sufficient  to  fix  0.1  c.e.  of  the  complement 
against  two  units  of  the  amlK>ceptor  is  no  longer  efficient  in  holding 
Imck  the  eomj)lement  from  partial  liberation  against  the  influence 
exerted  by  more  than  four  units  of  the  amboceptor." 

From  these  considerations  it  follows  that  the  serum  from  rabbits 
immunized  against  sheep  corpuscles  must,  in  each  case,  be  titrated  in 
order  to  determine  the  hemolytic  unit.  For  this  purpose  a  number  of 
mixtures  are  made  in  test  tubes,  containing  each  0.1  c.c.  of  complement 
(fresh  guinea-pig  serum),  1  c.c.  of  a  5  jier  cent  emulsion  of  sheep's 
corpuscles,  and  diminishing  quantities  of  the  inactivated  hemolytic 
serum,  thus: 


.1  c.c.  of 
oomplement 

fresh 
guinca^ig 

aerum. 


1  c.c. 

rif  6  per 

Inao- 

cent 

tivfltod 

+ 

emul- 

hemo- 

flhe«i)'fl 

+ 

lytic 
Berum. 

corpus- 

V\P9. 

.01  c.c.s'complete  hemolysis 
009  cc-comploto  hernolysw 
.OOfi  c.c.«coniplele  hemolyBU 
003  c.c.  =  complete?  hemolyBis 
(X)l  c.c. -complete  hemolysii 
.0009  c.c.  =- partial  hcmolysia 
OOflS  cc— no  hcinolynu 
0003  c.r.-uo  hemolystt  " 


Tn  the  giren  eaae,  0.001  c.c.  of  the  serum  represents  one  unit,  and 
0.002  c.c,  two  units,  is  the  quantity  to  be  used  for  eaeh  teat. 


^Morgenroth  imd  Sach»,  in   Ehrlicb^B  "UMaramelU  Arb«it»ii,"  etc,  Berlin^ 
19Q4. 

~*^ln  each  tub*?  the  voUimc  of  the  mixture  Abould  be  made  up  to  S  c.c.  with 
0.85  per  ceut  Kali  solutioxi. 
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III.  The    Complement, 


The   complement    used    in    Wasserraaiin 
This  may  be  obtained  in  one  of 


reaction  is  fresh  >fuinea-pig  serum 

the  following  ways:  A  guinea-pig  may  be  killed  by  an  incision  in  the 

throat  and  the  blood  allowed  tx>  flow  into  a  large  Petri  dish.     This  ia 

»et  away  in  the  ice  chest  until  clear  beads  of  serum  have  formed 

upon  the  surface,  and  these  are  then  carefully  removed  with  a 

pipette. 

It  is  more  economical  to  puncture  the  heart  of  large  guinea-pigs 
with  a  needle  attached  to  a  syringe  and  withdraw  5  or  6  c.o.  of  blood 
without  killing  the  animal.  This  can  be  transferred  to  a  centrifuge 
lul>e  and  the  serum  obtained  by  ccutrifugatiou  after  clottijig.  Serum 
OMd  as  complement  in  the  Wassermann  reaction  must  be  titrated  each 
day  before  reactions  arc  done.  This  is  done  by  putting  into  a  series 
of  tubes  1.0  e.e.  (or  if  half  quantities  are  used,  aa  with  us,  0.5  c.c.) 
of  the  cell  fluspension  sensitized  with  2  units  of  amboceptor,  and 
adding  to  these  tul>es  varying  quantities  of  guinea-pig  serum.  The 
guinea-pig  serum  is  best  diluted  1 .10  iu  salt  solution,  and  quantities 
ranging  from  0.05  to  0.35  c.c.  arc  added  to  the  tubes.  The  unit  is  the 
amount  in  the  tube  which  shows  complete  hemolysLs  at  the  end  of  an 
hour.  The  reactions  are  usually  complete  in  about  30  minutes.  Two 
units  of  the  complement  are  used  in  the  ordinary  test.  The  titration 
of  the  complement  is  one  of  the  most  important  steps  iu  accurate 
work, 

IV.  The  Sheep  Corpuscles, — The  sheep  corpuscles  for  the  actual 
reaction  are  obtained  by  receiving  the  blood  in  a  snmll  flask  containing 
a  sterile  solution  of  a  0.5  per  cent  sodium  citrate  and  0,85  per  cent 
sodium  chloride,  or  into  one  containing  glass  beads  or  short  pieces  of 
glass  tubing.  In  the  former  case,  the  citrate  solution  prevents  clotting 
and  the  corpuscles  may  be  washed  free  from  the  citrate  solution  and 
euiulsifled  in  salt  solution  before  use  in  the  test.  In  the  latter  case,  it 
is  necessary  to  shake  the  blood  in  the  flask  immediately  after  taking, 
and  to  continue  the  shaking  motion  for  about  ten  minutes.  The  cor- 
puscles are  washed  free  from  serum  by  at  least  3  washing  in  salt 
solution.  A  5  per  cent  suspension  of  the  corpuscles  is  employed  for 
the  test,  made  by  measuring  the  bulk  of  centrifugaiized  corpuscles  and 
adding  nineteen  parts  of  sterile  salt  solution. 

V.  The  Scrum  to  be  Tested  for  Syphilitic  Antibodif.—ThQ  serum  of 

the   patient   \<  ]^4^S^t  ph*^**^"^^   '"  *^^  eom^  way  ihat    Uhxnf\   itt  »htninf>«l    fny 

blood  eultures.     After  surgical   prcefuitinns,  a  nffdlp  is  phin^pH  intn 
the  median  basilic  vein  and  3  or  4  c.c.  of  blood  are  removed.    B^'fore 
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use  for  the  test,  the  patient's  serum  must  be  inactivated  bv  hoating  in 
a  water  bath  to  56*^  C  for  tweuty  minutes  to  half  an  hour. 

The  Test.— Thp  aplnal  tt>st  for  antibody  in  a  suspected  soryn^  ^ 
carried  out  in  the  t'oltowing  wav:  In  a  test-tuhe  of  suitable  size^  2 
units  of  ihp  cmnfjleiiifiit.  0.2  c.e.  of  the  inaetivated  snspoeted  sor^m, 
and  the  antiprn.  in  quantity  determined  bv  titration  «rf  miyoT^  ^^'] 
the  total  vohiine  ttron^ht  up  to  3  e.f*.  with  uornuil  salt  solution.  This 
mixture  is  thoroughly  shakt^n,  ^pd  nlaet'd  for  one  hour  m  a  water 
bath  or  in  the  incubator  at  37.5^  C.  Recently  it  has  been  found  that 
more  dflieatr  rf.sults  arc  obtained  when  the  fixation  is  nllowp<l  to  take 
place  in  the  refrigerator  for  three  or  four  hours — the  so-ealled  *'iee-box 

method."      At    the    end    of   thia    prelindnHry   intubation    1    e,P,    nf-fl 


5  per  crnt  cnitdsion  nf  (^heen*s  eorpusrles.  and  two  iniits  m'  li«MTin)ytn' 
amljCKM'ptor.  tU'tcrunnt-d  by  ji  titratii^n  nf  thn  innt^tivatiMl  heyn^jytie 
rahbit  aenini,  ah  dr"^'''^*"'''^  "l^nvy  »ra  aHHpd  This  mixture  is  again 
plarcd  at  37.5*^  C'.  for  ont'  to  two  hours^  If  the  antibody  is  present  w 
Xhv  Husuixliid  *iertini^  nn  heniolvsis  tnkes  plaee.  If  absent,  hemolysis  is 
jiomnlete. 

In  our  own  work  all  tests  are  done  in  half  the  quantities  of  the 
ori(?inal  Wassi»nniinn.  Ilrnce  iiuly  0.1  e.c.  of  the  patient's  serum,  and 
the  antigen  and  complement  as  determined  in  titrations  with  0.5  e.e. 
of  the  relU  are  mixed  in  a  total  volume  of  1.5  e.c.  At  the  end  of  the 
[»reiirniiiury  incubation,  0..j  e.c.  of  cells  previously  sensitized  with  2 
oxiits  of  amboceptor  are  added. 

No  !i?st  is  op  uHe  unleKs  suitable  controls  are  made.  The  controls 
set  up  should  be  as  foll»)WN: 

Control  1.  For  each  serum  tested  the  mixture  described  above, 
oniittiii^  Hiiti(;eri. 

(lonlrois  2  and  '.i.  The  nuxture  made  as  in  the  test  but  with 
kitoufn  syphilitic  seruru  (2)  with  and  (3)  without  antigen. 

C'ontrnls  4  niwi  ft.  The  mixture  made  as  in  the  test,  but  with 
nunnal  seniiu  ^4)  with  and  (."))  without  anti(<en. 

Controla  6  and  7.  The  hemolj'tie  system,  complement,  blood  cells 
and  amlioceptor.  wet  ufi  in  order  to  show  that  the  system  is  in  working 
order  (6)  with  and  (7)  without  antigen.  It  is  convenient  to  set  the 
tubes  in  two  rows  in  a  rack,  the  front  row  containing  antigen,  the 
back  row  enntainini?  the  same  mixture  withont  antigen. 

In  n  p<»Hitive  test,  the  test  itself.  an<l  Control  2.  alone,  should  show 
inhibited  heinoIysiH.  The  other  tube**  should  show  complete  soUition 
the  hemoglobin.     (See  «cheme»  p.  324.) 
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Modifications  of  the  Wassennann  Test. — Since  the  oripnal  for- 
mulation of  the.  \YftS8criuanu  reaction  a  gin^at  numy  modilications  have 
been  suggested  by  vuhous  workers,  some  of  tiieni  being  radical  chaugea 
involving  th«  altering  of  tlu*  hemolytic  system;  others,  however,  merely 
adding  preeautionn  here  and  thei*e  to  increase  the  delicacy  of  the 
reaction.  The  literature  on  this  subject  is  too  voluminous  to  be  com- 
pletely covered.  We  indicate,  tlierefore,  some  of  the  most  imjjortant 
changes  from  the  original  that  have  been  found  valuable,  and  give  in 
greater  detail  the  methods  on  at  present  in  use  in  our  own  laboratory. 

Bauer  has  culled  alieution  that  human  serum  contains  a  certain  amoant  of 
natural  hemolysin  for  sheep  rorpiiBt^les.  In  his  original  mo^liftcationj  there- 
fore, he  di>es  not  use  hi  molytic  rabbit  neruni  as  amboceptor.  Uis  modification 
as  a  whuli'  oannot  be  accepted  for  g:en(*rtil  nse  beeausc  human  Hera  do  not 
contain  a  uniform  amount  of  hemol>>in  fur  sheep  celU,  and  Home  contain 
none  whatever.  However,  the  presence  of  natural  amboc4>ptor,  so-called,  in 
human  sera  ia  taken  account  of  by  many  workers,  and  it  is  important  to 
rc**oCT»ixe  this,  since  naturally  it  adds  to  the  amboceptor  added  with  aensilized 
cells  and  leads  to  a  lack  of  uniformity  in  the  dr^sajje  of  amboceptor  in 
individual  tubes  if  included. 

Noguchi  has  worked  out  a  test  in  which  the  dilTicuIties  presented  by  the 
pn*sence  of  normal  shec])  ambocei>tor  are  eliminated,  in  that  he  uses  an 
nntihuman  hemolytic  sentm  and  human  cells  as'  the  hemolytic  system.  It 
enables  him  also  to  use  the  cells  of  the  patient  or  of  any  other  human  being, 
thus  eliniinatingr  the  ueceasity  of  getting:  fresh  sheep  cells.  His  tes'ts  are 
flet  up  as  follows: 

Tube  1.  1  drop  patient  *8  wrum  -f-  complement  (0.1  c.c.  of  40  per  oeot  guinea-pig 

serum)  -f-  antigen. 

Tubo  2.  1  drop  patient  *H  Ht^riim  -)-  uumplement.     (No  antigen.) 

Tube  3.  1  (Iffip  kiiftwn  syphilitic  serum  -f-  complement  -f-  antif(en. 

Tube  4.  1  <Iri>p  knuwo  syphilitic  serum  -|-  complement.     (No  antigen.) 

Tubu  5.  1  drop  kiiuwn  Duniial  wruui  -\~  coniplement  -(-  antigen. 

Tube  U.  1  drop  known  normal  serum  -f-  compleatent.     (No  aiUigen.) 

Tube  7.  Complement  alone  (for  hemc»lytic  system  control). 


To  each  tube  then  add  1.0  e.o.  of  the  one  per  cent  emulsion  of  human 
corfmsdes.  Shake  mixtures  thoroughly  and  incubate  or  place  in  water  bath 
at  ;ttMO°  ('.  for  one  hour.  Then  add  to  each  tube  2  units  of  antihuoian 
amboceptor  (serum  of  rnbhit  iinmunize<]  with  htinian  cells)  and  replace  in 
water  bath  for  one  hc»ur.  Al  the  end  of  this  time  in  n  positive  test  there 
wili  be  no  hi'iiiolysis  in  Tithes  1  junl  ^t  while  all  the  o\hi*v  tubes  will  show 
hemolysis. 
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•oed  by  a  few  investigators,  but  is 

M«k  Aff^ifh  we  have  no  doubt  that  if  sys- 

(Irvvkop  as  quite  satisfactory. 

•«rn  laboratory  with  the  original  sheep 

t«M  toaNljrtiir   ;^*stera.      Tiiey    are   done    in   half 

with  0.5  c.c.  of  a  5  per  cent  emulsion 

•  0«tlh^    GmIi  dMk.v  the  complement  (fresh  fruinea-pig 

%  litalilvd  witli  e«ll8  .sensitized  with  2  units  of  stock 

^"{^■^  iHnkiMe|>tors  are  titrated  from  time  to  time  ho 

^^tJ^^mnttUtx^  is  obtained.    The  hemol^iic  system  is  kept 

Ad&iwnikl^lNMday  to  day.    The  unit  (minimal  hemolytic 

<«t«  ffmimim.  of  amboceptor  is  determined  by  titrating 

^tlKMK  n>R  WASSERMANN  TEST. 

k  ^  »aiMiW<.l   WAMKBUAKlf  STaTCU  AFTER  SCHEME  or  KOODCm. 
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fW«  In  iM»t<^r  bath  *t  40^  C.  for  one  hour,  then  add  to  all  tubes  red  blood  cells 
4t«\l  ttm^H^iltvr  TIhvc  are  previously  mixed  no  that  2  cc  contains  the  equivalents 
^  I  k'  V  vJ  a  ft  pi^r  ^'ent  emuUinn  of  sheep  (xirpusrlcfl  and  2  uniUi  of  amhfioci)tor. 
J^iM  «^M*^***  ^*^  ^*^*  ^*  ^^  ^''^  »cnim  tested  in  pncdtivr,  tubes  1  and  3  should  show 
H|))  W4*a4.'^«K,  a\\  (Im*  iitluT  ttilK^  ^howiiii?  coriiploto  homulyAia  in  nno  hour. 
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it  on  a  number  of  successive  days  with  0.5  c.c.  of  5  per  cent  cells  and 
0.5  c.c.  of  10  i)er  cent  guinea-pig  Hem,  readings  being  made  at  the  end 
of  a  half  hour.  When  complement  is  then  subsequently  titrated  with 
2  such  amboceptor  units  and  0.5  c.c.  of  5  per  cent  red  cells,  it  is  usually 
found  that  the  mininml  heniolylic  dose  of  eoinplement  lies  between  0.2 
and  0.25  c.c,  and  in  the  actual  tests  twice  this  minimal  hemolytic  dose 
of  complement  is  used  with  the  2  units  of  amboceptor.  The  daily 
titration  of  complement  frequently  shows  marked  variations  even 
though  the  complement  is  obtained  from  a  number  of  guinea-pigs.  By 
always  using  twice  the  amount  which  just  lakes  with  2  units  of  ambo- 
ceptor, one  keeps  the  actual  amount  of  complement  as  nearly  as  pos- 
.sible  constant. 

Obviously  one  can  titrate  the  strength  of  the  reaction  by  varying 
the  amount  of  any  one  of  the  three  ingredients  which  primarily  enter 
into  it — the  antigen,  the  patient's  scrum,  or  the  complement,  and  all 
three  of  these  systems  have  been  proposed  and  used  with  success  by 
different  workers.  The  method  which  is  most  commonly  used  is  that 
of  Citi'on  and  consists  of  using  diminishing  quantities  of  botli  antigen 
and  patient's  serum.  Citron  in  addition  to  the  main  tubes  uses  one 
additional  tube  containing  one-half  the  amount  of  patient's  serum  and 
one-half  the  amount  of  antigen  used  in  the  main  tube,  and  he  eipressea 
his  results  as  follows: 

If  both  tubes  show  complete  inliibition +-|--|-  + 

If  the  main  tube  shows  complete  inhibition  and  the  half  dose  tube 

almost  complete +  +  + 

If  the  main  tube  shows  complete  inhibition  and  the  second  tube 

faint  inhibition   +  + 

If  the  main  tube  shows  incomplete  inhibition  and  the  second  tnbe 

none  or  little   + 

If  the  main  tnbe  shows  very  faint  inhibition  and  the  second  tube 

■hows  none =b 

•+  +  4-  +  /'  "  -f  +  -f  ,"  and  «  +  +  "  are  regarded  as  conclusive  reaulta; 
"  -h  "  as  a  probable  positive;  *^  ±  "  as  suspicious  merely. 

The  Determination  of  Antigen  by  Complement  Fixation. — The 
principles  underlying  the  preceding  tests  for  the  determination  of 
suspected  antibodies  may  be  equally  applied  to  the  determination  of 
suspected  antigen.  In  the  former  case  it  was  necessary  to  bring  the 
serum  to  be  tested  into  contact  with  the  antigen  specific  for  the 
suspected  antibody,  in  the  presence  of  complement,  and  at  a  suitable 
temperature.    At  the  end  of  an  hour  the  mixture  was  tested  for  free 


32<i 


jvyvrrmv   AND  IMMUMTY 


complement  by  llic  aUUiUuii  ul  hemolytic  ambo<.'ep»tor  and  red  blood 
rrlls.  In  testing  for  HUfigen,  the  proeediire  is  reversed,  in  that  the 
Heriim  or  other  iiubstanei*  (baeterial  extraet)  to  l>e  tested  is  brought 
into  contact  with  an  anfilMwly  spceifii!  for  the  antijfrn,  in  the  presence 
of  complement ;  and  at  t)ie  end  of  an  hour  at  suitable  temperature, 
free  complement  is  again  determined  by  lieniolytie  reliction  as  before. 

When  dealing  with  bacterial  antigen,  it  is  necessary,  thei*efore,  to 
prepare  a  highly  potent  itrimune  serum  against  the  Imrlcria  which  con- 
tain the  Hpecitic  antigen  which  is  sought. 

ThuH  in  t(rsting  for  typhoid-bacillus  antigen  in  the  serum  of  a 
patient,  tho  subntaneeji  required  are  ay  follows: 

1.  (/omplement :  obtained  from  fresh  guinea-pig  serum.  It  is 
best  to  titrate  the  complement  when  pos.sible,  using  f(»r  tlie  test  double 
the  quantity  neeojwary  to  produce  complete  hemolysis  of  1  c.c.  of  a 
five  per  cent  emuUion  of  blood  cells,  in  the  presence  of  two  units  of 
amboceptor. 

2.  Hemolytic  amlxvceptor:  rabbit  serum  hemolytic  for  sheep  cor- 
pUflOlCM.    Inuetivalcd  ami  titrated  as  for  Wassermaun  test. 

3.  A  five'j)er-cent  emulsion  of  sheep  corpuscles  in  salt  solution, 
prepare<l  as  for  WnssiTmann  test. 

4.  A  liighly  pot<*n1  typhoid  anttNerum  obtained  from  an  immunized 
rabbit.  In  this  case  the  smallest  quantity  of  the  immune  serum  which 
will  cause  tlic  tixation  of  complcnifiit  in  the  prest^nee  of  an  emulsion 
or  extract  4if  known  typhoid  bacilli  Is  detormincd  by  experina-nt. 

It  is  heat  to  nib  up  the  centrifugalized  bacteria  with  dry  salt, 
adding  distilled  water  to  Lsotonioity.  When  the  extract  Ls  made,  its 
anticoiTiitlrmcntnry  dasr  is  determined  and  thi'  minimum  quantity 
which  in  the  pres«*neo  of  known  antityphoid  serum  will  fix  eomi»lement. 
These  prnliminary  titrations  arc  anahisous  to  those  described  as  pre- 
liminary to  lht»  Wassermaun  ti-st.  When  these  4inaiititi<'s  have  been 
determined,  an  amount  of  the  bocillary  extract  (alnnit  1-3  or  1-4  of 
the  nnticrmiplementary  dose)  is  chosen  for  the  actual  tests.  It  is  well, 
also,  In  such  tests  to  determine  the  amount  whieli  will  fix  complement 
in  the  presence  of  a  knowa  normal  serum,  since  occasional  presence  of 
ontiboilies  against  some  bacteria  in  normal  serum  may  otherwise  eon- 
faw  the  test.  The  quantities  of  antigen  and  com|)lement  must  then  be 
oho«ej\  for  the  test  in  such  proportions  that  no  fixation  will  occur  with 
normal  serum. 

5.  Sf.Tum  frnm  tlie  patient,  innetivated  at  .^ifi*"  C  for  twenty 
niinutes. 
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In  the  actual  test  a  seri^  of  tubes  are  prepared  each  of  which  con- 
tains: 

1.  Complement,  the  determined  quantity. 

2.  Antiseruiu,  the  determined  <juuiitity. 

3.  Diminishing  quantities  of  the  inactivated  serum  to  tx?  tested  for 
t^ntigcn  lH?}<inning  with  1  e.e. 

S^it  solution  is  added  for  dilution  to  3  c.e. 

.These  sul^tanccs  ar«^  left  together  at  37*  to  40°  C.  for  one  hour  and 
then  the  requiri'd  {|nantiti<;s  of  audMKieptor  and  red  cells  are  added. 
The  reaction  is  controlled  by  tubes  containing  the  a&im  ingredieutM 
without  the  typhoid  antiserum.  In  a  positive  test  there  will  be  no 
hemolysis  in  the  tul)cs  containing  the  patient's  serum. 

Protein  Differentiation  by  Complement  Fixation. — That  the  tech- 
nique of  complt'mcMt  fixjitiim  was  npplical)le  to  the  determination  of 
specific  prott'in  antigen — such  as  iuiman  or  animal  l)lood — was  shown 
by  Gcntrou  "^  in  1902.  The  principles  worked  out  by  him  have  been 
'practically  applanl  by  Noisser  and  Sachs '^  and  others  to  the  fortiusic 
differentiation  of  anitnal  proteins  and  these  tests  are  said  to  be  more 
delicate  and  reliable  than  precipitation  testa  made  for  the  same  pur- 
>i>OBe. 

The  BubHtances  neet^ssary  for  the  reaction  arc  as  follows: 

1.  Complement,  titrated  as  above. 

2.  Heinolytic  amboceptor  as  above. 

3.  A  tive-per-cent  emulsion  of  sheep  corpusclea  ^J^^joys* 

4.  Specific  antiserum. 

This  is  obtained  from  a  rabbit  immunized  with  the  protain  for 
Which  the  test  is  to  Ik*  made;  viz.:  hinnan  or  animal  bloml  seniin. 
This  must  be  titrated.  In  order  to  do  this,  diminishing  quantities  of 
the  antiserum  arc  mixed  in  a  senea  of  tubes  with  the  determined 
quantity  of  complement,  and  the  antigen  which  is  to  be  tested  for.  i,e.f 
the  homologous  senmi  with  which  the  antiserum  ha.s  been  produced. 
Since  the  test  should  l>e  suflBeiently  delicate  to  determine  0.0001  c.e. 
of  the  antigen,  this  quantity  is  added  to  eaeh  tube.  The  actual  titra- 
tion is  as  follows :  -■* 


Gentfou,  Ann.  <le  I'luBt.  Pasteur,  1902. 
'*  AVCstfcr  unfl  Saciut,  Bcrl.  klin.   Woch.,   1905  and  }900.     Seo  also  CUronf  in 
LUH  and  Levailiti  "Unndbuch/'  etc. 
''  VitroH,  loe.  cit 
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1.  Antisemm,  0.1   +  homologotiB  serum  .0001  +  complement 

2.  Antiserum,  0.05  -f-  homologous  serum  .0001  -f  complement 

3.  Antiserum^  0.02  +  homologous  serum  .0001  +  complement 

4.  Antiserum,  0.01  +  homologous  serum  .0001  +  complement 
(Antiserum  and  homologous  serum  each  brought  to  1  e.e.  volume 

with  salt  solution.) 

These  tubes  arc  incubated  for  one  hour  and  hemolytic  amboceptor 
and  red  blood  cells  are  added.  The  smallest  quantity  of  antiserum 
which  has  completely  inhibited  hemolysis  is  the  ''unit/'  and  one  and  a 
half  to  two  times  this  quantity  is  used  for  the  test. 

5.  A  solution  of  the  blood  spot  or  other  material  to  be  tested  pre- 
pared as  for  precipitin  test.    (See  page  306.) 

For  the  actual  test  the  following  mixtures  are  made  in  a  series  of 
tubes,  each  of  which  contains : 

9    A  f  f  ^l^^'^^'^y  determined  by  titration. 

3.  Diminishing  quantities  of  the  substance  in  which  the  antigen  is  sus- 
pected, ranging  from  0.1  c.c.  downward  to  0.0001  c.c. 

Salt  solution  is  added  as  a  diluent  up  to  3  c.c.  and  the  tubes  are 
placed  in  the  incubator  or  water-bath  at  37.5°  to  40°  C.  At  the  end 
of  this  time  red  blood  cells  and  amboceptor  are  added  as  before. 

The  tubes  are  controlled  by  a  series  containing  all  the  above  ingre- 
dients except  the  antiserum. 

8A0H8-ai!0Bai  REAOnON  FOR  SYPHILIS  •  ^ 

(Direct  Precipitation) 

Peepabation  of  Extract.— a  beef  heart  is  freed  from  fat  and 
endocardium,  cut  up  finely  and  ground  in  a  mortar.  It  is  then  shaken 
with  5  volumes  of  95  per  cent  alcohol  and  a  few  glass  beads  in  a 
shaking  machine  for  6  hours,  aUowed  to  stand  at  room  temperature 
over  night,  filtered  through  ordinary  filter  paper  next  morning,  then 
placed  in  the  ice-box  for  at  least  two  days,  when  it  is  again  filtered 
through  ordinary  filter  paper,  and  is  now  ready  for  use.  It  must 
first  be  titrated  against  a  standard  extract  on  a  number  of  sera  to 
determine  the  optimum  dilution  and  cholesterinization.  For  this,  the 
alcoholic  extract  is  diluted  with  1,  2,  and  3  parts  of  alcohol,  and  to 
fractions  of  each  of  these  dilutions,  0.3,  0.45,  0.6  and  0.75  per  cent  of 

*For  this  description  we  are  indebted  to  our  associate,  Pr.  Fredic,  Parker, 
Jr.,  who  has  given  particular  attention  to  this  reaction. 
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a  1  per  cent  alcoholic  solution  of  cholesterin  is  added.  These  various 
portions  are  then  diluted  with  5  parts  of  saliue  as  described  below,  and 
set  up  against  a  standard  extract.  At  least  two  such  extracts  should  be 
used  in  each  test. 

Extract  Dilution. — The  alcoholic  cholesterinized  extract  is  diluted 
with  5  parts  of  saline  as  foUows:  The  required  amount  of  extract  is 
placed  in  an  Erlenmeyer  flask ;  to  it  is  rapidly  added  from  a  burette 
an  equal  volume  of  saline.  It  is  shaken  gently  and  allowed  to  stand 
10  minutes,  then  the  remaining  4  volumes  of  saline  are  rapidly  run 
in.    It  is  again  shaken  and  is  ready  for  use. 

Serum. — Serum  should  be  as  fresh  as  possible.  Three  or  four  days 
is  not  too  old.  A  slight  degree  of  hemolysis  does  not  interfere.  Before 
use  in  the  test,  it  is  heated  for  %  hour  at  55®  to  56"  C.  and  should 
not  be  used  sooner  than  3  hours  after  heating.  Sachs  and  Georgi'^ 
recommend  that  spinal  fluids  should  be  used  undiluted  in  amounts  of 
1  c.c.  and  0.5  c.c. 

Saline, — 0.85  per  cent  sodium  chlorid  in  distilled  water.  Should 
be  sterile  and  as  fresh  as  possible. 

Test. — 0.1  c.c.  serum  is  diluted  with  0.9  c.c.  saline  and  to  this  is 
added  0.5  c.c.  extract  dilution.  On  each  serum  a  control  should  be 
set  up  con^sting  of  0.1  c.c.  serum  -\~  0.9  c.c.  saline  -\-  0.5  c.c.  of  95  per 
cent  alcohol,  diluted  1 :6  with  saline.  Each  extract  dilution  should  be 
controlled  by  a  tube  containing  0.5  c.c.  extract  dilution  -\~  1  c.c.  saline. 

The  tubes  are  thoroughly  shaken  and  placed  in  the  incubator  at 
37.5**  C.  for  20  hours.  A  preliminary  reading  may  now  be  made; 
then  the  tubes  are  placed  at  14**  to  18°  C,  or  in  the  ice-box  for  20 
hours,  and  the  flnal  and  decisive  readings  are  taken. 

The  reactions  present  appearances  similar  to  macroscopic  bacterial 
agglutination  or  precipitin  reactions,  and  are  read  with  the  naked 
eye,  the  positives  showing  varying  amounts  of  precipitates  and  the 
negatives  remaining  opalescent  as  at  the  beginning  of  the  test.  Sus- 
picious tests  are  cei)trifuged  at  moderate  speed  for  a  few  minutes,  and 
are  proved  positive  or  negative  by  the  fact  that  in  the  positives  after 
centrifuging  a  few  definite  white  compact  flocculi  can  be  shaken  from 
the  bottom  of  the  tube,  whereas  the  negatives,  at  most,  show  a  slight 
grayish  sediment  which  disperses  on  shaking.  The  scrum  controls 
should  remain  clear.  If  a  precipitate  does  occur,  the  serum  is  unsuit- 
able and  another  specimen  must  be  obtained.  The  extract  controls 
should  remain  diffusely  opalescent,  and  should  show  no  precipitate. 

^  8eu!h$-Oeorgi,  Med.  Klinik,  No.  33,  1918,  805;  Parker  and  Saigh,  tm- 
^blished. 
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The  Ktudies  on  immunity  which  we  have  outlined  in  the  preceding 
sections  have  dealt  entirely  with  the  phouonieua  occurring  in  the 
reaction  Iwtweon  bacteria  or  bacterial  products  and  the  body  fluids. 
These  studies,  we  have  seen,  have  formed  the  basis  of  a  Uicoretical 
conception  of  immunity  formulated  chiefly  by  the  German  school  of 
bacteriologists  under  the  IcHdci-ship  of  Ehrlich,  Pfeifter,  Kruse,  ajid 
othei*s.  Parallel  with  these  developments,  however,  investigations  on 
immunity  have  been  carried  on  which  have  brought  to  light  many 
important  facts  concerning  the  participation  of  the  cellular  elements 
of  the  body  in  its  resistance  to  infectious  germs. 

The  inspiration  for  this  work  and  the  greater  part  of  the  theoretical 
considerations  which  have  been  based  upon  it,  have  cinanaled  from 
MetchnikofE  ^  and  his  nujucrous  pupils  at  the  Pajiiteur  Institute  in 
Paris.  The  phenomenon  which  these  obsei*vers  have  studied  in  great 
detail  and  upon  the  occurrence  of  which  they  have  based  tlu*ir  con- 
ceptions of  immunity,  is  known  as  phagocytosis. 

It  is  well  known  that  among  the  lowest  unicellular  aiiiniuls  the 
nutritive  proecK  consists  in  the  ingestion  of  minute  particles  of 
organic  matter  by  the  cell.  The  rhizopods,  which  may  be  found  and 
studied  in  water  from  stagnant  pools  or  infusioas,  when  observed 
under  the  microscope,  may  be  seen  to  send  out  short  protoplasmic 
processes,  the  psi'udopodiu,  by  meana  of  which  they  gradually  flow 
about  any  foreign  particle  with  which  they  come  in  contact.  If  the 
ingested  particle  is  of  an  inorganic  nature  and  indigestible,  it  will  be 
again  extruded  after  n  varying  period.  If,  however,  the  ingested  sub- 
stance is  of  a  nature  which  can  be  utilized  in  the  nutrition  of  the  proto- 
zoon,  it  is  rapidly  surroun<Ied  by  a  .snmll  vacuole  within  which  it  is 
gradually  dissolved  and  t>eeomcs  a  part  of  the  cellular  protoplasm. 
This  digestion  within  the  unicellular  organism  is  probably  due  to  f 
proteolytic  enzyme^  which  acts  in  the  presence  uf  a  weakly  alkalia^ 


'  M*>trhnitcoJf,  •'L'TiniTninit^  dntia  !*»  maUrliw  infwtnetiflea. " 
'  iloutoHf  Ann.  Of)  I'inHt.  Pastcurf  xvi,  1902. 
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reaction.  This  has  been  siiowu  hy  thu  uetuui  uxtruelion,  fruin  amubu, 
of  a  trypsiu-like  ferment. 

Ah  we  pHK'eeil  higher  in  the  seale  of  the  animal  kingdom,  we  find 
that  this  pou'cr  of  intracellular  digestion^  while  not  uuiforiaiy  an 
attribute  of  all  the  body  cells,  is  still  well  developed  and  a  neecssury 
physiological  function  of  certain  cells  which  have  retained  primitive 
characters.  In  animals  like  the  ccrlcnterata,  in  which  there  arc  two 
cell  layers,  an  entoderm  and  an  ectoderm,  tiie  ectodermal  cells  have  lost 
the  power  of  inlracellular  digestion,  while  the  entodermal  cells  are 
still  able  to  ingest  and  digest  suitable  foreijjn  ]>articles.  It  is  only  as 
we  proceed  to  animals  of  a  much  higher  organization  that  the  function 
of  cell  ingestion  of  crude  food  b  entirely  removed  from  the  process  of 
general  nutrition.  Nevertheless,  in  these  animals  also,  the  actual  cell 
ingestion  of  foreign  particles  occui-s,  but  it  is  now  limited  entirely  to 
a  detinite  group  of  cells.  In  the  higher  animals  and  in  man,  this 
functimi  of  phagocytosis  is  limited  to  the  white  blood  cells  of  tiie 
circulation,  or  leucocytes,  to  certain  large  endothelial  cells  lining  the 
serous  cavities  and  blood-vessels,  and  to  cells  of  a  rather  oliseure 
origin  which  contribute  to  the  formation  of  giant  cells  within  the 
tissues.  A  convenient  division  of  these  phagocytic  cells  is  that  into 
**wandering  cells''  and  *'fixed  cells."  The  wandering  cells  arc  the 
pol>*niorphonuclear  leucoc>-tcs,  called  *'microphages"  by  Metchnikoff, 
and  certain  large  mononuclear  elements  or  '*iiiacroi>hages. "  Fixed 
celb*,  also  called  macrophages  by  Metehnikoff  and  possessing  the  power 
uf  anu'boid  motion,  include  tlie  cells  lining  the  serous  cavities,  and  the 
blood  and  lymph  spaces.  The  small  lymphocytes,  so  far  as  we  know, 
have  no  phagocytic  functioas. 

In  studying  the  cellular  activities  whicli  come  into  play  whenever 
foreign  material  of  any  description  gains  entrance  into  the  animal 
liody,  a  delinitc  reaction  on  the  part  of  the  phagocytic  cells  may  be 
observed.  When  we  inject  into  the  peritoneal  cavity  of  a  guinea-pig 
a  small  quantity  of  nutrient  broth,  and  examine  the  exudate  within  the 
cavity  from  time  to  time,  we  can  observe  at  first  a  diminution  from  the 
normal  of  the  cells  present  in  the  porifonenl  fluid.  This  may  be  due 
either  to  an  injury  of  the  leucocytes  by  the  injected  substance,  or  to 
an  actual  repellent  influence  which  the  injected  foreign  material  exerts 
upon  the  wandering  cells."*  Very  sotm  after  this,  however,  the  exudate 
becomea  extremely  rich  in  leucocytes,  chieE>'  of  the  polymorphonuclear 


'PicrralHui,  Ann.  de  I'inBi.  Paatcwr,  1897. 
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variety,  the  maximum  of  the  reaction  being  reached  about  eighteen  to 
twenty-four  hours  after  the  injection.  After  this,  there  is  a  gradual 
diminution  in  the  leucocytic  elements  until  the  fluid  in  the  peritoneal 
cavity  again  reaches  its  normal  condition.  It  is  plain,  therefore,  that 
the  presence  of  the  foreign  material  in  the  peritoneal  cavity  has,  after 
a  primary  rex>ellent  action  upon  the  phagocytes,  attracted  them  in 
large  numbers  to  the  site  of  the  foreign  substance.  Such  repelling  or 
attracting  influences  upon  the  leucocytes  are  spoken  of  as  negative  or 
positive  chemotaxis.  The  reasons  for  chemotaxis  are  not  well  under- 
stood. In  the  case  of  bacteria,  which  chiefly  interest  us  in  the  present 
connection,  chemotactic  attraction  or  repubion  is  intimately  dependent 
upon  the  nature  of  the  microorganism,  and  very  probably  has  a 
definite  relationship  to  its  virulence.  Whether  or  not  the  principles 
of  chemotaxis  may  serve  to  explain  the  hypo-  and  hyper-leucocytoses, 
observed  and  diagnostically  utilized  in  clinical  medicine,  is  by  no 
means  positive.  It  is  likely,  however,  that  the  two  phenomena  are 
closely  associated.  Levaditi  *  believed  that  he  obtained  some  evidence 
that  negative  chemotaxis  may  take  place  within  the  blood-vessels  when 
he  noticed  that  the  intravenous  injection  of  cholera  spirilla  into 
immunized  guinea-pigs  resulted  in  an  immediate  disappearance  of 
leucoc3rtes  from  the  circulating  blood,  and  their  accumulation  in  the 
internal  organs.  On  the  other  hand,  this  may  possibly  be  more 
logically  explained  by  a  concentration  of  both  bacteria  and  leucocytes 
in  the  capillary  system  of  such  an  organ  as  the  liver,  as  it  is  known 
that  injected  bacteria  rapidly  disappear  from  the  general  circulation, 
but  may  be  demonstrated  in  the  various  organs  for  some  time  after 
injection. 

We  have  seen,  therefore,  that  the  invasion  of  the  animal  body  by 
foreign  material,  living  or  dead,  is  followed  by  a  prompt  response  on 
the  part  of  the  phagocytic  cells.  In  the  case  of  bacteria,  when  these 
are  deposited  in  the  subcutaneous  areolar  tissues,  the  inflammatory 
reaction  which  follows  brings  with  it  an  emigration  of  microphages 
(polynuclear  leucocytes)  from  the  blood*vessels — and  these  are  the 
so-called  pus  cells.  When  the  injection  of  bacteria  is  intraperitoneal, 
after  a  primary  diminution,  there  is  an  increase  of  leucocytes  in  the 
peritoneal  cavity  which  soon  results  in  the  formation  of  a  copious 
turbid  exudate.  If  the  pus  of  an  abscess  or  the  exudate  from  an 
infected  peritoneum  is  examined  microscopically,  it  will  be  seen  that 
any  of  the  microphages  have  taken  bacteria  into  their  cytoplasm. 

Levaditi,  Pre»se  infid.,  1900. 


pHAGOcrroeis 


Tliat  fully  vimlent  living?  hacTeriA  can  be  so  tnkon  up  has  bo<»n  vari- 
ously proven.  The  phagocytosis  is,  therefore,  not  simply  a  n*moval  of 
the  dead  bodies  of  bacteria  previously  killed  by  the  boily-fluid«,  H\it 
represents  an  aetnal  attacic  upon  living  and  fully  vinitent  iiiiero* 
organisms.  That  the  ingesti*d  bacteria  are  often  alive  after  ingestion 
is  proved  by  the  fact  that  the  injeetion  of  exudate  containing,  so  far 
as  can  be  determined,  only  intracellular  bacteria,  haa.  in  Mverft) 
instances,  been  found  to  give  rise  to  infection. 

After  the  bacteria  hare  remained  for  some  time  within  the  cyto- 
plasm of  the  leucocyte,  vacuoles  may  be  seen  to  form  about  them, 
similar  to  those  mentioned  in  discnssing  the  dijfestive  processes  of 
amebfle.  If  the  preparations  are.  at  this  stage  or  later,  stained  with  a 
onc-per-eent  solution  of  neutral  red,  it  will  be  found  that  the  bacteria, 
colorless  under  normal  conditions,  will  be  stained  pink,  an  evidence  of 
their  beginning  disintegration.  At  a  later  stage  in  the  process  of  intra- 
cellular digestion,  the  bacteria  will  lose  their  form,  and  appear  swollen, 
granular,  and  vacuolated,  and  finally  will  be  no  longer  distinguishable. 
If,  on  the  other  hand,  the  ingestion  of  bacteria  brings  about  the  death 
of  a  leucocyte,  the  neutral  red  will  not  stain  the  bacteria,  the  digestive 
vacuoles  will  not  fonn,  and  the  leucocyte  itself  will  disintegrate. 

It  must  not  be  forgotten,  however,  that  not  all  microorganisms  are 
equally  susceptible  to  phagocytosis.  Some  may  resist  ingi*stion  more 
energetically  than  others  hy  agencies  not  fully  understood.  Others 
again,  like  the  tubercle  bacillus  and  the  anthrax  bacillus  for  instance, 
may,  after  ingestion,  oppose  great  difficulties  to  intracellular  digestion. 

To  a  certain  extent,  moreover,  the  variety  of  the  bacterium  deter- 
mines the  variety  of  phagocyte  attracted  to  the  point  of  invasion.  In 
the  cases  of  most  of  the  bacteria  of  acute  diseases,  the  mierophages  or 
I>olymorphonuclear  leucocN'tes  are  the  ones  uiK>n  which  the  brunt  of 
the  battle  devolves.  Other  invaders,  like  the  Bacillus  tuberculosis, 
blastomyces,  and  others,  find  themselves  opposed  chiefly  by  the  macro- 
phages. Cells  of  animal  origin,  such  as  the  dead  or  injured  cells  of  the 
auimars  own  body  or  the  cells  of  other  animals  artiflcioUy  introduced, 
are  ingested  by  macrophages.  This  is  ti-ue  also  of  many  parasites  of 
animal  nature. 

It  is  clear,  thus,  that  the  process  of  phagocytosis  is  a  universal 
response  on  the  part  of  the  body  to  the  invasion  of  foreign  particles  of 
dead  material,  of  alien  cells,  and  of  living  microorganisms.  It  remains 
to  be  shown  upon  what  basis  this  process  may  be  regarded  as  an 
csaential  fentnre  in  protecting  the  body  against  infection. 
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The  numerous  researches  of  Metf^hiiikoff  have  bronght  out  th«? 
important  faot  tliat  phagorytasis  is  rt'gularlv  moiv  aetivo  in  east's  in 
which  the  infected  animal  or  liuman  being  pventually  romvera.  In 
animals,  furthermore,  which  show  a  high  natural  resistance  against 
any  givou  n!icrcw)rgHniBm,  phagiM'yto«is  is  do<*id»Hlly  more  energetic 
than  it  is  in  animals  mure  auseeptible  to  the  Rauie  incitant.  Thus, 
experimenting  with  anthrax  jnfwtion  in  rat.s,  Metchnikoff  was  able  to 
show  that,  in  these  animals,  a  decidedly  more  rapid  and  extensive 
phagocytosis  of  anthrax  bacilli  takes  place  than  in  rahhits  and  guinea- 
pigs  and  other  animals  which  are  delicately  susceptible  to  this  infec- 
tion. While  different  interpretations  have  been  attached  to  this 
phenomenon,  its  actual  occurrence  may  he  accepted  as  a  proven  fact. 

In  his  later  investigations,  furthermore.  Metehnikoff  was  able  to 
show  tiial  a  liirect  parallelism  existed  between  the  development  of 
immunity  iu  an  artificially  immunized  animal  and  the  phagocytic 
powei*s  of  its  white  cells.  lie  showed  that  rabbits  artifi(!ial!y  im- 
munized to  anthrax,  responded  to  anthrax  infoctifm  by  a  far  more 
active  phagocytasis  than  did  normal,  fully  susceptible  animals  of  the 
same  species. 

It  is  quite  ijnpossible,  in  the  space  allotted,  to  recount  the  many 
similar  experiments  by  which  the  accuracy  of  these  observations  has 
been  confirmed.  While  few  bacteriologists  at  the  present  day  harbor 
any  doubt  as  to  the  tnith  of  these  contentions,  the  fundanxental  dif- 
ferences l>etween  the  conclusions  drawn  from  these  A'anous  pheiu)mena 
by  the  sehtu>l  of  Metehnikoff  and  by  that  of  the  Gernan  workers  may 
l>e  clearly  stated  as  follows:  AU'tehnikoff  believes  that  fihasnicytosis  is 
the  cardinal  factor  which  determines  immunity,  whi'e  F'fi»iffer  and 
others  maintain  that  the  <letermtiiing  faetors  upon  which  rer'nvery  or 
lethal  outcome  depends,  lie  in  the  fluids  of  the  body,  the  serous  exudate 
and  its  contents  of  inunune  body  and  complement,  while  the  phagi^ 
oytosis  occurring  coineidcntly,  ik  merely  a  means  of  removal  of  the 
l>aeteria  after  the  outrome  has  already  Iteen  decided. 

In  the  further  developments  of  his  theory,  Metehnikoff  has  claimed 
that  the  immune  Inidy  and  complement — the  presence  of  which  in 
blood  senin»  and  exudates  he  by  no  means  overhniks — are  derivatives 
of  the  leucocytes. 

The  immune  body  or  **fix8tor,"  as  Metehnikoff  has  named  it,  has 
beon  Hhown  by  Wa.HHerniann  and  Takaki  '^  to  b«  most  plentiful  in  the 


>  H'asttcrmann  unO  Taknki,  Berl.  klin.  Woeh,.  189S. 
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Spleen,  lymph  nodes.  Snd  bone  marrow  of  animals — all  of  them  orKaiis 
in  wliieh  larxe  colliH-lions  of  k'ucoi'ytit'  elements  are  found.  Metrh- 
nikoff^s  opinions  us  to  the  kucocytic  origin  of  the  complement,  or 
"cytaso,**  have  found  support  in  the  experiments  of  Levaditi."  who 
was  able  to  demoiLstratti  the  nhsenre  of  i-omplenicnt  in  hlotKl  j)iasnia. — 
i,e.,  where  no  destruction  of  leucocytes  had  taken  place — and  in  th<»8i* 
of  Canlaeuzene/  who  showed  that  chnlera-inimune  pfninea-piKS  would 
succumb  to  intraperitoneal  injection  of  thfse  bacteria  when  the 
diapodesis  of  Ieucoo>'tes  had  been  prevented  by  the  administration  of 
^pium. 

The  chapter  of  phaKocytosis  in  its  relation  to  liacterial  iiunkuuity  m 
by  no  meatia  closed.  Th*?  problems  involvetl  in  it  are  intricate  and 
will  require  much  further  -study.  The  subHequent  Heetions  upun 
4)p»onin>).  aggressinB,  and  upon  leucocyte  extract,  incorporate  the  more 
recent  studies  which  may  be  said  to  have  followed  logically  in  the 
f(K)tateps  of  Mtttchnikoff  8  wurk.,,'r4  i*     t.i 


*l,tv4UUti,  Prc88C  muil.^  luun. 

^  C'antacuscne,  Aod.  dv  I'inst.  i'uatt'ur,  IHHT, 
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The  numerous  rt?se«rclics  of  Metohnikoff  havr  brouglit  out  the 
important  fart  tlmt  plingocytoHiM  is  n*gularl.v  more  netivo  in  eases  in 
which  the  infected  animal  or  human  Iwinir  eventually  re*v>vers.  In 
animals,  furthermore,  which  show  u  high  nulural  rc-sistHnee  ;tgHin.st 
any  given  miiTODrganisni,  phagoeyti>sis  is  tlecidetlly  moiv  energetic 
than  it  i«  in  animals  more  suseeptihle  to  the  same  ineitant.  Thus, 
Mperimenting  with  anthrax  infection  in  rats.  MetehnikofF  was  ahlr  to 
sh(»\v  that,  in  these  animal»,  a  decide«lly  more  rapid  and  extensive 
phagocytosis  of  anthrax  bacilli  takes  place  than  in  rahbits  and  guinea- 
pigs  and  other  animals  which  are  delicately  suseeptihU-  to  this  infec- 
tion. While  different  interpretations  have  been  attached  to  this 
phenomenon,  its  actual  oeeuri'ence  may  be  accepted  as  a  proven  fact. 

In  his  later  invest igatioits,  fnrthennore.  Metchnikoft*  was  able  to 
show  that  a  diret.'t  parallelism  existed  l>etween  the  development  of 
immunity  in  an  artificially  immunized  animal  and  the  phagocytic; 
powers  of  its  white  cells.  He  showed  that  rabbits  artificially  itn- 
munized  1o  anthrax,  responded  to  anthrax  infection  by  a  far  more 
active  phagocytasis  than  did  normal,  fully  su&^eptible  animals  of  the 
.<»ame  species. 

It  is  quite  impofwible,  in  the  space  allotted,  to  recount  the  nmny 
similar  experiments  by  which  the  accuracy  of  these  observations  has 
been  confirmed.  While  few  hacteriolofrists  at  tlie  present  day  harbor 
any  doul»t  as  to  the  truth  of  these  eontentious.  The  fundamental  dif- 
ferences iK'tween  the  conclusions  drawn  frotn  tliese  various  phenomena 
by  the  school  of  Metchnikoff  and  by  that  of  the  German  workers  may 
he  clearly  stated  as  follows:  Metchnikoff  believes  that  phaeoeytosis  is 
the  cardinal  factor  which  deterinini*s  immunity,  whi'c  PtViffnr  and 
others  maintain  that  the  determining  factors  upon  which  recovery  or 
lethal  outeume  depends,  lie  in  the  fluids  of  the  body,  the  serous  exudate 
and  its  contents  of  immune  bmly  and  complement,  while  the  phago- 
cytosis occurring  coiticidentlyt  is  merely  a  means  of  removal  of  the 
bacteria  after  the  outcome  has  already  !>een  decided. 

In  the  further  developments  of  his  theory,  Metchnikoff  has  claimed 
that  the  immune  l»ody  and  eoniplement — the  presence  of  which  in 
blood  serum  and  exudates  he  by  no  means  overlooks — are  derivatives 
of  the  leucocytes. 

The  immune  liody  or  ''fixator,"  as  Metchnikoff  him  named  it.  bait 
born  shown  by  Wassermann  and  Takaki'^  to  be  most  plentiful  in  the 
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spleen,  lymph  nodes,  and  bone  marrow  of  animals — all  of  rhem  orirans 
in  which  large  collections  of  lewcocytic  elements  are  found.  Melch- 
nikoff's  opinions  as  to  thu  leucocytic  origin  of  the  complement,  or 
'*cyUse/*  have  found  support  ia  iho  experiments  of  Levaditi."  who 
wag  abl«  to  Uemonsirate  the  absence  of  Ciiniplcment  in  blood  plasiuu, — 
«.«.»  where  no  dt^tniction  of  leaeoi^ytes  had  taken  place — and  in  those 
of  Cantacuzene/  who  showed  that  cliolera-immune  ^linea-pi^  wouhl 
saceumh  to  intraperitoneal  injection  of  these  bacteria  when  the 
diapedesiit  of  leucocytes  had  l>een  prevented  by  the  administration  of 
opium. 

The  chapter  of  phaxoeytoKLs  in  its  relation  to  Imcterial  immunity  in 
by  no  means  closed.  The  problems  involve<l  in  it  are  intricate  and 
will  require  much  fuiiher  study.  The  suhscquent  sections  uiM>ti 
opsiunins,  aggressins,  and  upon  leueoeyte  extract,  incorporate  the  niore 
recent  studies  which  may  he  said  to  have  followed  logically  in  the 
footsteps  of  Meteiinikoff  's  work. 


•<,'u/i(«tiw<Kr,  Anu.  dv  rinsl.  Pustvur,  1897, 


CHAPTER  XVIII 

OPSONINS  AND  VACCINE  THERAPY.     LEUCOCYTIC  SUBSTANCES. 
NON-SPECTPIC  PROTEIN  THERAPY.     VIRULENCE 

OPSOKINS 

Although  the  theories  of  inununity  art*,  us  we  have  stated,  gen- 
erally ela>«siHoil  as  thi^  humoral  and  the  cellular  or  phat^ocytic  theories, 
the  separation  has  never,  even  in  the  minds  of  the  wannest  parti.sans, 
heen  an  aljsolute  one.  Thus,  Buchner  and  his  sueeessors  looked  for 
the  origin,  first,  of  alexin,  then  of  antibody,  in  the  leucoeytes,  and 
Metehniknff  attributed  to  immune  serum  the  quality  of  stimulating 
the  leucocytes  (stiniulins)  to  increased  phiigocytoais.  The  serum, 
according  to  MetchnikoflF,  acted,  not  directly  upon  the  bacteria,  in  the 
nature  of  bactericidal  or  lytic  substances,  but  rather  upon  the  leuco- 
cytes, preparing?  or  arming  these  for  the  fray.  Denys  and  Leclef* 
were  the  first  definitely  to  oppose  this  view.  These  authors,  on  the 
basis  uf  exj>eriiaents  done  upon  streptococcus  immunity  in  rabbits, 
came  to  the  conclusion  that  the  serum  aided  phagocytosis  rather  by  its 
action  upon  the  bacteria  than  by  its  influence  upon  the  leucocytes. 

Wright'  in  1903  and  19<)4  undertook  a  systematic  study  of  the 
relation  of  the  blocnl  serum  to  ]>hjigocytosis,  in  n  series  of  careful 
experiments.  Using  his  own  niodifications  of  the  technique  of  Leish- 
man,'  he  first  determined  the  direct  deiKfndenee  of  phagocytosis  upon 
some  substance  contained  in  the  blood  serum.  He  further  proved 
conclusively  that  this  serum  component  acts  upon  the  bacteria  directly 
and  not  upon  the  leucocytes,  Is  bound  by  the  bacteria,  and  renders  them 
subject  to  phagoc>^asis.  The  presence  of  these  sulwtanoes  in  sera, 
furthermore,  which  appear  entirely  free  from  bactericidal  or  lytic 
bodies,  and  the  thermolabile  character  of  the  sulmtanees  (60**  for  ten 
or  fifteen  minutes  destroys  them)  seemed  to  exclude  their  identity  with 
the  immuMf  Ixidics  of  other  authors. 

•  Denf/M  el  Lrrirf,  I*  rcllulo,  xi,  1895. 

'  ^rif/ht  un<l  Vougla»,  Proc.  Royal  Sue  LondoDf  bmii,  1(K)4. 

*LeMAm(iR,  Brit.  M«d.  Jour.,  i,  1902. 
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Because  of  their  action  in  preparing  the  bacteria  for  ingestion  by  the 
socjrtes,  he  uamed  those  botlies  "opH^miiis"  {6*lfwytiv^    lu  prepare 

i). 

Neufeld  and  Rimpau*  soon  after,  and  independently  of  Wright, 
described  similar  substuuees  in  the  blood  serum  of  streptoeoeeus  and 
pnenmococeus  immune  animals,  which  they  called  baetcriotropius. 
Because  of  their  greater  thermostability  it  is  not  yet  possible  to 
identify  these  bacteriotropins  absolutely  with  the  ojHWjnins. 

The  importance  of  these  opsonic  substances  in  immunity  wax 
shown  by  Wright*''  in  a  series  of  experiments  in  which  hr  determined 
that  in  persons  ill  with  slaphyloeoccns  or  tubercle-bacilluB  infections, 
the  phagocytic  powera  were  relatively  diminished  toward  these 
mierotirganisms,  but  could  1)e  specifically  increased  upon  active  im- 
munization with  dead  bacteria  or  bacterial  products. 

The  results  of  Wright  have  been  confirmed  and  elaborated  by 
numerous  workers. 

Tlie  diminished  power  of  leucocytes  to  take  up  bacteria  without 
the  cooperation  of  scrum  was  demonstrated,  after  Wright»  by  Hek- 
loen  and  Huediger,*  who  worked  with  gradually  increasing  dilutions 
of  serum.  The  contention  of  the  Wright  school,  however,  that 
leucocytes  are  entirely  impotent  for  phagocytosis  without  the  aid 
of  serum,  can  not  be  regarded  as  proven,  in  face  of  the  work  of 
Lohlein'  and  others  who  have  observed  phagocytosis  on  the  part 
of  washed  Icueoeytea. 

The  specificity  of  opsonins  and  their  multiplicity  in  a  given 
scrum  were  shown  mainly  by  the  work  of  Hullock  and  Atkin,* 
Hektoen  and  Ruediger,"  and  Bullock  and  Western.'**  These  authors 
showed  that  the  opsonic  substances  in  sera  could  be  absorb<»d  out 
of  the  sera,  one  by  one,  by  treatment  with  various  specie's  of  bacteria, 
a  procedure  analogous  to  the  method  of  absorption  used  in  the 
study  of  agglutinins. 

The  increase  of  phagocytic  power  demonstrated  by  Wright  in 
immune  sera  naturally  led  to  the  question  whether  this  depended 


•Ntvffld  und  Simpou,  Deut.  mod.  Woch.,  il,  1904. 

•  Wright  and  Douglas,  Proc.  Roy.  Soc.,  Liondon,  Ixxiv,  1906, 
*Hcktocn  and  Kuediger,  Jour.  Inf.  Dls.,  ii.  1905. 
^Lohlein,  Ann.  dc  I'uist.  Paatour,   1905  and  1906. 
^Bullock  anil  Atkin,  Proc.  Roy.  8oc.,  London,  lixiv,  1905* 

*  Hektoen  and  Buediger,  !oc.  cit. 

^  BuUoih  and  Western,  Prcw.  Hoy,  Soc.|  toe.  cit. 
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morely  tipon  an  increase  of  the  normal  opBonina  oi*  whether  the 
newly  formed  imnnine  ops(»»in.s  were  t-ntiroly  different  substauee& 
Thi»  greater  thermostability  of  thi-  opsonins  in  immune  sera  seemed, 
at  first,  to  supi>ort  tho  latt<*r  view.  Dean,'*  however,  showed  tliat 
not  all  of  llir  normal  opsonins  are  ihernmlabile  and  that,  by  absorp- 
tion experiments,  baeteria  treated  with  normal  sera  could  be  pre- 
vented from  taking  up  opsonins  from  immune  sera.  These  facts 
seem  to  point  strongly  toward  the  identity  of  normal  and  immune 
opsonic  substances. 

f'Hirther  study  of  the  opsonins  has  led  to  auniLTOUs  other  ques- 
tions regarding  their  structure,  their  relation  to  other  immune 
bodies,  etc.,  which  arc*  largely  still  in  the  stage  of  controversy,  and 
for  which  the  onginal  monographs  mast  bo  consulted. 

The  controversial  questions  may  be  brietiy  reviewed  as  follows: 

As  stated  above,  Wright  believed  originally  that  the  bodies  dis- 
covered by*  him  in  normal  sera,  the  **normal  opsonins,*'  in  other 
words,  were  distinct  bodies  that  could  not  be  identified  with  either 
the  complement  or  antibodies  present  in  serum.  Ncufeld  and  Hiine,*" 
Levaditi  and  Inmann,*'  and  others^  on  the  other  hand,  maintain 
that  the  opsonir  action  of  normal  serum,  at  least,  is  intimately 
related  to  the  complement  contents  of  such  serum. 

They  base  tbis  contention  not  only  upon  the  thermolability  of 
normal  opsonins,  hut  also  upon  the  fact  that  opsonir)  may  hv  removed 
from  normal  s^'rum  at  th<'  same  time  as  complenu^nt  by  the  method 
of  complement  fixation,  detailed  in  another  section  (see  pp.  295 
and  315)." 

The  contention  of  Wright  that  the  thermostable  opsonic  sub- 
stances of  immune  serum  arc  distinct  bodies,  not  identical  with  the 
amboceptors,  is  supported  by  the  work  of  llektoen,"  Neufeld  and 
Topfer,'"  and  others.  Th«*  probleni,  however,  can  by  no  means  be 
regarded  as  finally  settled,  since  other  workers,  notably  Ijevaditi, 
are  inclined  to  identify  the  immune  cipsonina  with  lytic  amljoceptora. 

As  to  the  structure  of  the  opsonic  substances,  moreover,  differ- 


''Dean,  Proc  Boy.  ^c,  London,  Ixxvi,  190S. 

*' NrufeUI  ami  lliinf,  Arli.  a.  il.  kuia.  Oe8undhpi(«amt,  xxv. 

"LevadiU  ajul  inrrumn,  Compt.  r*nd.  6v  la  jk>o.  de  biol.,  62,  1907. 

"  Levaditi,  Presae  m^licalc,  70,  KM)?. 

■//HMrw,  Juur.  of  Inf.  Din.,  iii,  \906. 

^}ieufrld  iiml  Tdpfer,  Cent.  f.  Bakt.,  xxxTiii,  1M5. 
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ittneea  of  opinion  still  oxist.  Hoktocti  and  UuiHlip-r"  who  have 
investigated  the  qiu*8tion  attiibute  to  opMuiuiiH  a  comph'x  couHtitu- 
tion.  They  believe  thorn  to  pousoss  a  lIuTmostablc  haplophore  group 
and  a  thcniiolabilc  **(>|mnriophoro"  ^vtuip  ntuj  that  hcatinj?  Innond 
a  defmitt,'  Itrnpcraturc  uuiivcrts  thr  opsonins  into  ojmonoids  by 
destruction  or  alteration  of  the  '*opaonophore'*  {^roup.  This  virw 
is  not  shared  by  all  workers  and  has  been  disputed  by  Hullock 
and  Atkin.*** 

The  Technique  of  Wright.— The  three  factoids  necessary  for  the 
performauoe  of  an  opsonic  test  are  (1)  the  blood  serum  to  be  tested; 
(2)  an  even  emulsion  of  bacteria,  and  (3)  leucocytes. 


Fio.  40, — Wrioht's  Capsxjix  fob  Collecteno  Blood. 

(1)  Blood  serum  is  obtained  by  bleeding  from  the  finger  and 
receiving  the  blood  into  glass  capsules  (Kig.  40).  Tliese  are  sealed 
at  Iwth  ends;  the  l)loo<l  is  allowed  to  clot;  and  the  separation  of 
serum  is  hasteni'd  by  a  feiv  revolutions  of  a  centrifuge. 

(2)  The  bacterial  emulsion  is  obtained  by  rubbing  up  a  few 
loopfuls  of  a  twenty-four-hour  slant  agar  culture  \nth  a  little 
physiological  salt  solution  (0.85  per  cent)  in  a  watch  glass.    A  very 


PlO.  41. — PlPBTTB  FOR  OpSONTC  WOHK. 


flmall  araoimt  of  salt  solution  is  used  at  first  and  more  is  gradually 
added,  drop  by  drop»  as  the  emulsion  becomes  more  even.  The  final 
breaking  up  of  the  smaller  clumps  is  best  accomplished  by  cutting 
off  very  squarely  the  end  of  a  capillary  pipette,  placing  it  perpen- 
dicularly against  the  bottom  of  the  watch  glass,  and  sncking  the 
emulsion  in  and  out  through  the  narrow  chink  thus  formed. 
(Fig.  41.) 


*' Hel^oen  and  Sufdiper,  Jonr.  of  Inf.  Dia.,  il,  1P05. 
** Bullock  and  AtKin,  Prot.  Koyul  Soc,  Uxiv,  1005. 
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Emulsions  of  iub<*rcle  bacilli  arc  more  clifReult  to  make.  The 
bacilli  tillered  off  in  tlie  manufacture  of  old  tuberculin  are  com- 
monly used.  These  are  washed  in  salt  solution  on  the  filter,  and 
arc  th<'M  scrapi'd  olT  and  sterilized.  They  are  lhen»  in  a  moist 
eondition,  placed  in  a  mortar  and  thoroufflily  ground  into  a  paste. 
While  grinding,  salt  solution  1.5  cent)  is  gradually  added  until  a 
thick  emvdsiou  appeai-s.  This  emulsion  may  be  diluted  and  larger 
clumps  separated  by  centrifugalization. 

(3)  The  leucocytes  arc  obtained  by  bleeding  from  the  ear  or 
finger  directly  into  a  solution  containing  eighty-five  hundredths  per 
rent  to  one  per  cent  of  sodium  chlorid  and  five-tenths  to  one  and 
five-tenths  per  cent  of  sodium  citrate.  Ten  or  fifteen  drops  of  blood 
to  5  or  6  c.R.  of  the  solution  will  furnish  sufficient  lencocyfcs  for  a 
dozen  tests.  This  mixture  is  then  centrifugalized  at  moderate  speed 
for  five  to  six  minutes.  At  the  end  of  this  time,  the  corpuscles  at 
the  bottom  of  the  tube  will  be  covered  by  a  tliin  grayish  pellicle, 


Flo.  42. — PlFBTTK  WITH  TllRBB  StTltSTANCTBB,   CORPTTHCLES,   nACTERIA  AKD  SbRUU, 

A8  Pia«T  Tajuen  Up. 

the  buffy  coat,  consisting  chiefly  of  leucocytes.  These  are  pipetted 
off  with  a  capillary  pipette  (by  careful  superficial  scratching  move- 
mentH  over  the  surface  of  the  buffy  coat). 

There  being,  of  course,  no  absolute  scale  for  phagocytosis,  when- 
ever an  opsonin  determination  i.s  made  upon  an  unknown  serum, 
a  parallel  eontrol  test  must  be  made  upon  a  normal  serum.  This 
normal  is  best  obtained  by  a  "pool''  or  mixture  of  the  sera  of  five 
or  six  sui)posedly  normal  individuals. 

The  three  ingredients — serum,  bacterial  emulsion,  and  leucocytes 
—having  thus  biH^n  prepared,  the  actual  test  is  carried  out  as  follows: 
(Capillary  pipettes  of  about  sis  or  seven  inches  in  length  and  of 
nearly  even  diameter  throughout,  are  made.  These  arc  fitted  with 
a  nipple  and  a  mark  is  made  upon  them  with  a  grease-pencil  about 
2  to  3  cm.  from  I  he  end  (Fig.  42).  Corpuscles,  bacteria,  and  serum 
are  then  successively,  in  the  order  named,  sucked  into  the  pipette 
up  to  the  mark,  being  separated  from  each  other  by  small  air- 
bubbles.  Kc)ual  quantities  of  each  having  tixus  been  secured,  they 
are  mixed  thoroughly  by  rejieatedly  drawing  them  in  and  out  of 
the  pipette  upon  a  slide.    The  mixture  is  then  drawn  into  the  pipette ; 
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the  end  is  sealed;  and  incubation  at  37.5*  is  earned  on  for  an 
arbitrary  lime,  luually  fifteen  to  thirty  minutes.'*  The  control  with 
normal  serum  is  treated  in  exactly  the  same  way.  After  ineuhation 
the  end  of  the  pipette  is  broken  off,  the  contents  are  again  mixed, 
and  smears  are  made  upon  glass  slides  in  the  ordinary  manner  of 
blood  smearing.  Staining  may  be  done  by  Wright's  modification 
of  Leishman*s  stain^  by  Jenner'a,  or  by  any  other  of  the  usual  blood 
rirtains.  In  these  smears,  then,  the  number  of  bacteria  contained  in 
each  leucocyte  is  counted.  The  contents  of  about  eighty  to  onu 
hundred  cells  are  usually  counted  and  au  average  is  taken.  This 
average  number  of  bacteria  in  such  leucoc>*tes  is  spoken  of  as  the 
''phagocytic  index.'*  The  phagocytic  index  of  the  tested  serum, 
divided  by  that  of  the  "normal  pool"  (control)  serum,  gives  the 
**opsonie  index.*'  'T^ 

Another  method  of  estimating  the  opsonic  content  of  a  given 
blood  serimi  has  been  contributed  by  Simon,  Lamar,  and  Bispham." 
These  authors  employed  dilutions  both  of  the  patient's  serum  and 
of  noi-mal  aerum  ranging  from  one  in  ten  to  one  in  one  hundred. 
With  these  dilutions,  they  carry  out  opsonic  experiments  with  bac- 
terial emulsions  and  wa.shed  leucocytt*s  in  the  same  way  as  this  is 
done  in  the  Wright  method,  except  that  they  recommend  the  employ- 
ment of  thinner  bacterial  emulsions  than  are  usually  employed  in 
the  former  method.  In  examining  their  slides,  they  do  not  estimate 
the  number  of  bacteria  found  within  the  leucocytes,  but  rather  the 
percentage  of  leuco<'>'tea  which  actually  take  part  in  the  phagocytic 
process,'*  i.e.,  which  contain  bacteria. 

By  the  same  method  of  dilution,  they  determine  what  tl»ey  have 
called  **the  opsonic  coefficient  of  extinction,"  a  phra.se  which  is  used 
to  express  the  degree  of  dilution  of  the  serum  at  which  no  further 
phagocytosis  takes  place.  They  claim  for  their  methods  the  more 
delicate  determination  of  variations  in  opsonic  power.  The  method 
has  not  been  sufficiently  used  to  permit  the  expression  of  an  opinion 
as  to  its  value. 

The  Vaccine  Therapy  of  Wright.— In  connection  with  his  more 
theoretical  work  upon  opsonins,  Wright  has  laid  much  stress  upon 


"For  lh«  purpose  of  incnhatioD,  specially  conatruct«d  wat«T  batbA,  mtukete^l 
under  tbo  namo  of  "opftonizors, "  mav  be  used. 

Simon,  Lamar,  and  Bi^iih<im,  Jour.  Exp.  Me«l.,  viii,  1906. 
fiiflion  ami  fMrnar^  Johns  Hopkins  Ho»p.  Bull.,  xrii,  J9M, 
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the  value  of  active  immuuizatiou  in  the  Ireatment  of  infectious  dis- 
oase.s.  Heifiuiiing  Ins  work  witli  staphylococeus  and  lubercle-baeillua 
infections,  lie  huK  extended  liis  methods,  with  the  aid  of  many  col- 
lalKiraloi's.  to  gonoeoecus,  streptococcus,  pneumocoeeua.  and  a 
nuniixT  of  other  bacterial  infections.  In  all  these  easea.  when  pos- 
sible, he  uses  fur  therapeutic  purposes  a  so-culled  "uutoKcnous 
vaccine*'  which  is  made  with  the  l)acteria  isolated  from  the  patient 
himself,  lu  the  case  of  tulK'ivlc-l)acillus  inf<'clions,  he  uses  for 
treatment  the  new-tul>erculin-bacillary-oraulsion  of  Kocli.  The  pro- 
duction of  vaccine  is.  according  to  Wri(jclit,  as  follows: 

Production  of  Vaccines. — After  isolation  of  the  orgauisms  from  the 
patient,  cultures  are  made  unth  a  view  of  obtuinini;  considerable 
amounts  of  bacterial  growth.  In  making  vaccines  with  poorly  grow- 
ing organisms,  large  surfaces  must  be  inoculated.  Organisms  are 
best  grown  for  this  purpose  upon  the  surface  of  agar  or  glucose 
agar  (the  enrichment  of  the  agar  with  sugar  or  acetic  fluid,  etc., 
depending  upon  the  cultural  requirements  of  the  organism  in  (|ues- 
tion),  in  square  eight-ounce  medicine  bottles  laid  upon  their  sides- 
This  furnishes  a  large  area  for  inoculation.  After  sufficient  growth 
has  taken  ]>lacc  upon  the  agar,  two  or  three  cubic  centiraetei's  of 
sterile  i.ornml  salt  solution  are  introduced  into  the  bottles  with  a 
sterile  pipette.  Witli  this  the  gi*owth  is  gently  washed  off  the 
8iu*faee  of  the  agar,  more  salt  sohition  gradually  being  added  as 
necessary.  The  emulsitieatiun  may  be  facilitated  by  gcjilly  scraping 
the  growt!i  off  the  medium  by  means  of  a  flexible  platinum  loop. 
This  thick  bacterial  emulsion  is  then  i)ipelted  out  of  the  Iwttlcs. 
during  which  process  an  equalization  of  the  emulsion  can  be  attained 
by  repeated  sucking  in  and  out  with  the  pipette.  The  emulsion  is 
then  placed  in  a  sterile  test  tube  which  may  then  !>*•  drawn  out 
at  its  open  end  into  a  capillary  opening.  It  is  a  point  of  practical 
importance  that,  in  preparing  such  capsules  out  of  a  test  tube,  a 
few  inches  of  air  space  .should  hi*  left  aUivc  the  surface  of  the 
emulsion,  so  that  expansion  during  heating  may  not  blow  out  the 
top  of  the  glass  tube.  A  dozen,  or  ao  of  sterile  glass  beads  may  be 
put  into  these  tulx^s  in  order  to  aid  in  emulsifieation.  Shaking  the 
heads  in  such  a  tube  will  help  in  breaking  up  small  rlumps  of 
bacteria. 

The  f-niulsion  is  then  standardized;  that  is.  a  numerical  es*ima- 
lion  of  ba<'tct'ia  per  eiil.ic  centimeter  must  In*  made.  TIiIh  .standard- 
ization is  best  done  before  stcrilizaliou,  because  during  the  latter 
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process  a  number  of  bacteria  nwiy  be  broken  up,  and.  while  un- 
recognizable morphologically,  arc,  nevertheless,  ivpn'stuttHl  in  the 
emulsion  by  their  products.  The  Mandardixation  may  bi»  accom- 
plished by  highly  dihiling  a  <U*fiuitf  vohwne  of  the  emulsion,  planting 
plates  with  definite  quantities  of  tlu'  dilution,  and  I'ouutirig  colonies. 
Wright  prefera,  aa  more  exact,  an  enumeration  of  tfie  bacteria 
against  led  blood  eella.    This  is  done  in  the  folh>winK  way: 

A  little  o£  the  emulsion  is  placed  in  a  watch  glass  and  from  it, 
with  a  pipette  as  used  in  the  '^Btimation  of  the  opsonie  index,  one 
volume  is  taken  and  is  mixed  with  an  equal  volume  of  blood  from 
tlie  finger  and  two  or  three  volumes  of  salt  solution.  The  salt 
solution  is  added  in  order  to  dilute  the  red  cells  so  that  they  can 
be  conveniently  eotinted  and  to  prevent  clotting.  These  substances 
are  thoroughly  mixed  in  a  pipette  and  spread  ujjon  a  slide  as  in 
making  a  blood  smear,  and  as  even  and  uniform  a  smear  as  possible 
should  be  made.  Tliey  are  then  stained  either  by  Jenner*s  or 
Wright's  blood  stain. 

The  preparations  are  examined  with  an  oil-immersion  lens.  In 
order  to  limit  a  definite  microscopic  field,  it  is  convenient  to  use  an 
Ehrlieh  diaphragm,  or  else,  in  lieu  of  this,  to  mark  a  circle  with 
a  blue  pencil  upon  the  lens  of  the  eye-piece.  The  red  blood  cells 
and  bacteria,  in  a  number  of  these  fields,  are  counted  and  the  ratio 
between  them  is  estimated.  Knowing  the  number  of  red  blood  cells 
to  the  cubic  millimeter  in  the  particular  blood  employed,  by  previous 
blood  count,  and  knowing  that  equal  volumes  of  blood  and  of  bac- 
tenal  emulsion  have  Ihhmi  used  in  the  mixture,  it  is  easy  from  this 
ratio  to  ascertain  the  numlKM"  of  baeteiia  contained  in  a  cubic  milli- 
meter of  the  original  emulsion.  Thus,  for  instance,  if  in  an  average 
of  twenty  fields  bacteria  are  to  red  blood  eellK  a.s  two  is  to  one. 
and  the  blood  employed  contains  ^vv  million  red  blood  cells  to  each 
cubic  millimeter,  then  a  cubic  millimeter  of  our  emulsion  contained 
ten  million  bacteria,  and  a  cubic  centimeter  one  thousand  times 
as  many. 

Special  centrifuge  tubes  with  graduated  narrow  tips  at  the  bot- 
tom have  Ijeen  suggested  by  Hopkins  for  vaecine  standardization. 
Bacteria  centrit'ugalizcd  up  to  a  certain  mark  represent  a  definite 
number  per  cu.  mm.  when  taken  up  in  a  given  volume  of  salt  solution. 

The  vaccine,  thus  .standardized,  is  sterilized  at  60*  C,  for  one 
hour  for  several  days.  TIs  sterility  is  then  controlled  by  culture 
and  animal  inoculation. 
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From  tliib  stock  emulidou  Rmnll  {iiiantitio.8  may  be  drawn  oiT  and 
diluted  for  therapeutic  use. 

Tho  initial  dose  given  by  Wright  in  slaphyloeoeeiia  infoetioiiH, 
ill  whicli  the  method  has  been  most  frequently  employed,  varies 
from  fifty  to  one  hundred  millions  of  bacteria.  In  working  with 
the  tul)erelr  baeilhis^  the  ordinary  tubereulin  dosage  is  adhered  to. 

Wright,  in  hi«  work,  makes  use  of  the  opsonic  index  in  order  to 
estimate  ehanges  in  the  reaistanco  of  the  patient  against  the  given  , 
iufeetion.  In  other  words,  he  bases  his  judgment  as  to  wliether  the 
patient  is  improving  or  not,  upon  llic  opsonic  power  of  the  patient's 
M4*rum.  In  foUowing  tlie  opsonic  index  of  a  patient  diu'ing  systematic, 
treatment  with  vaeeinc,  Wright  has  found  definite  changes  upon 
the  basiH  of  wliich  lie  constructs  a  curve  of  opsonic  power.  Imme- 
diately after  the  injection  of  vaccine,  he  finds  that  there  is  a  brief 
jM-rioil  during  whieh  the  opsonic  power  of  the  patient  is  depressed 
below  its  original  state.  This  he  calls  the  negative  phase.  The 
b'Ugth  of  lime  oreupied  by  this  negative  phase  depends  both  upon 
the  condition  of  the  patient  and  upon  the  size  of  the  dose  given. 
It  is  uKtmlly  eompleti'd  within  twenty-four  hours.  After  this,  there 
is  ft  gradunl  rise  in  the  opsonic  power,  at  first  rapid,  later  more 
Hinw.  until  a  maximum  is  reached  after  a  varying  number  of  daya. 
This  period  of  rise  represents  the  positive  phase.  The  second  inocula- 
tiiin  with  vaeeine  should,  according  to  Wright,  be  made  when  the 
opsonic  power  is  again  beginning  to  sink  after  the  highest  point  of 
the  positive  phaNc. 

The  flirts  of  Wriglit'a  investigations  have  been  given  in  the 
preceding  without  much  critical  conaideration.  Those  features  which 
iMMir<'rn  thenm<'lv('s  with  the  proof  of  tlie  opsonic  properties  of 
norriuil    and    immune   serum   liave   been   of   t))e   greatest   scientific 

»tinp(u>tance  and  a  grrat  deal  of  benefit  \uxn  accrued  from  the  renewed 
llttriitloii  turned  hy  him  toward  methods  of  active  immuni/ation  in 
human  Ix'ings.  Vaeeine  therapy  in  nmny  conditions  has  come  to 
»tay.  altiiough  some  of  the  very  extravagant  earlier  claims  have  had 
i,  to  fail  dowti.  It  is  also  pretty  certain  at  present  that  the  op.sonie 
^^in<lex  measurements  as  a  gui<le  to  treatment  arc  of  very  little  value 
^Hand  may  even  mislead.  Prophylactic  vaccination  in  varioas  diseases 
■        is  dealt  with  in  the  chapters  on  the  individual  infections. 

Leuooc3rtic  Substances. — In  the  sections  upon  Phagocytosis  and 
Opsonins,  wo  have  diseussed  the  protective  action  exerted  by  the 
living  leucocytes  agiiin.st  bacterial  infection  and  the  relation  of  these 
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cells  to  the  blood  Hcrum;  furthermore,  that,  wliilc  our  knowledge 
of  the  blood  serum,  as  developed  at  present,  shows  that  phagocytes 
may  be  aided  by  this  in  the  inKestion  of  bacteria^  the  subsequent 
digestion  of  the  germs,  and  possibly  the  neutralization  or  destruetion 
of  their  inlracellular  poisons,  is,  as  far  as  we  know,  largely  accom- 
plished by  the  unaided  phagocytic  cell.  It  is  an  obvious  thouglit, 
therefore,  that,  in  tile  struggle  with  bacterial  invaders,  the  Icueocytic 
defenders  might  lx»  considerably  re-cnt'orced  if  lliey  were  furnished, 
as  directly  us  possible,  with  a  further  supply  of  the  very  weapons 
wliieh  they  were  using  in  the  tight  with  the  microurganisms.  With 
this  thought  as  a  point  of  departure  Hiss--  conceived  the  plan 
of  injecting  into  infectetl  subjects  the  sulwtances  composing  the  chief 
ceils  or  all  the  cells  usually  found  in  exudates,  in  the  most  dilTusiblu 
form  and  as  little  changed  by  manipulation  as  possible;  and  he  also 
assumed  that  extracts  would  be  more  efficacious  than  living  leuco- 
cytes themselves,  since  if  dilTusiblc  they  would  be  distributed  im- 
partially to  all  parts  of  the   body  by  the  circulatory  nieehanism. 

The  method  of  obtaining  these  substances  as  used  l)0th  in  animal 
experiments  and  in  the  treatment  of  human  subjects  is  at  present 
as  follows: 

Hahbits,  preferably  of  1,500  grams  weight  or  heavier,  receive 
intrapleural  injections  of  aleuronat.  This  is  prepared  by  making  a 
three  per  cent  solution  of  starch  in  meat-extract  broth,  without  heat- 
ing, and  adding  to  this,  after  the  starch  has  gone  into  thorough 
emulsion,  ^vc  per  cent  of  powdered  aleuronat.  This  is  thorougldy 
mixed,  boiled  for  five  minutes,  and  tilled  into  sterile  potato  tubes, 
20  c.c.  into  each  tube.  Final  sterilization  is  done  preferably  in  an 
autoclave.  The  rabbit  injections  are  carried  out  by  injecting  10  ex. 
into  each  pleural  cavity  in  the  intercostal  spaces  at  the  level  of  the 
end  of  the  sternum,  in  the  anterior  axillary  line,  great  care  Ix'ing 
exerted  to  avoid  puncturing  of  the  lungs.  The  rabbits  are  left 
for  twenty-four  hours,  at  the  end  of  which  lime  a  copious  and  very 
cellular  exudate  will  have  aeeuuiulated  in  the  plcuj'al  cavities.  This 
is  removed,  after  killing  thi'  animals  with  chloroform,  by  opening 
the  anterior  chest  wall  under  rigid  precautions  of  sterility,  and 
pipetting  the  exudate  into  sterile  centrifuge  tubes.  Immediate  ecu- 
trifugalization  before  clotting  can  take  place  then  permits  the 
decanting  of  the  supernatant  exntlate  fluid.  To  the  leueocytic  sedi- 
ment is  then  added  about  2  c.e.  u£  sterik  distilled  water,  and  the 
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emulsion  is  thoroughly  beaten  up  with  a  stiff  bent  plaliiuim  spantla. 
Smears  are  now  made  on  slides,  stained  by  Jenner's  blood  stain, 
and  examined  for  po8sih!o  bacterial  contamination.  It  iii  well  also 
to  take  cultures.  Sterile  distilled  water  is  then  added  to  each  tube» 
about  twenty  volumes  to  one  volume  of  sediment,  and  the  tubes  are 
set  away  in  the  incubator  lor  eight  hours.  At  the  end  of  this  tijie 
the  sterility  is  again  controlled  as  above,  and  further  extraction  in 
the  irfrigerator  continued  until  the  cxtrHCt  is  used. 

Experiments  by  Hiss  and  by  Hiss  ami  Zinsser  showed  that  leu- 
cucytic  extracts  injected  into  animals  infected  witb  various  or- 
ganisms exerted  a  distinct  though  ntit  very  powerful  therapeutic 
effect.  They  have  also  had  a  certain  degree  of  l)eneficial  effect  in 
human  beings  suffering  from  various  infections.  Tlowever.  it  is  our 
present  opinion,  based  chiefly  upon  the  researches  of  one  of  us  with 
Tsen/*  that  the  Icucoeytie  substances  act  in  more  or  less  the  same 
way  as  do  other  non-specific  proteins,  in  that  they  produce  an 
incivased  leucocytosis  and  perhaps,  as  pointed  out  by  Jobling  and 
Petersen  in  another  connect  ion,  may  lead  to  an  increased  presence  in 
the  blood  of  various  proteol>'tic  and  other  enzymes. 

That  bactericidal  substances  can  l>e  extracted  from  leucocytes 
by  various  methods  has  been  repeatedly  sliow^n  by  .Schaltenfroh, 
Pettersen,  Korseliun,  and  otliers.'^  The  researches  of  Pettersen  aa 
well  as,  more  recently,  the  work  of  ZiiuHser,  have  shown  that  these 
**endolysina,*'  as  Pettenson  has  called  them,  have  a  structure  quite 
different  from  that  of  the  serum  baeteriolysins  in  that  they  ari'  not 
rendered  inactive  by  temperatures  under  80°  C,  but,  when  once 
destroyed  by  higher  temperature*,  can  not  be  reactivated  either  by 
the  ad<lition  of  fresh  serum  or  of  unlieated  Icueoej-te  extracts.  The 
last-nanird  authors,  moreover,  have  shown  that  these  endoeellular 
baetoricidal  substances  are  not  increased  by  immunization,  the  quan- 
tity  present  in  <»aeh  leueoeyt<'  being  probably  at  all  times  simply 
sufficient  for  the  digestion  of  the  limited  number  of  bacteria  which 
can  be  taken  up  by  the  individual  leucocyte. 


"  Bin,  Jour.  Med.  Rc»..  N.  B.,  xiv,  3,  1906. 
■^'^^mwfr  brU  Tmch,  Jour.  oX  Immun.,  2,  1917. 
—  •Srfcftfirn/rofc.  Aroh.  f.  ll.vg.,   IS97;  PeUer*un,  <Vn(.  f.  H«kt.,  I,  xxxix,  1905, 
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KoN-SrKCiPic  Protein  Theimcy 

A  very  Burpri8iii(^  development  of  tlip  last  ten  years  lias  been 
ho  obsprvatioii  tliat  profound  physioloirif"!  reactions  accnnipniiird 
•by  oi'casionnl  thi'rapi'iilir  lu-ni'lit  in  infrt'tious  diseases  has  followed 
the  intravenoiLs  injection  of  l)arterial  and  other  proteins  which  ap^ 
parently  had  no  sneeitie  relationship  to  the  nature  of  the  ii^fectiotiji 
procuas.  The  tirat  ubHervalions  were  more  or  less  accidental,  in- 
cident to  attempts  by  various  writers  to  treat  diseasea  like  typhoid 
fever  by  the  intravenous  injection  of  typhoid  bacilli.  Ichiwaka, 
Kraus,  Oay  and  others  injected  sensitized  and  unsensitized  typhoid 

Lcilli  intravenously  into  patients  suffering  from  tjTplioid  fever,  ob- 
se^^•ia(5  a  sudden  drop  of  temperature  with  ehill.  and  frequent 
benficial  effects  on  the  course  of  the  disease.     It  was  soon  found 

lat  similar  results  could  be  obtained  in  these  diseases  vnih  colon 
bacilli,  paratyphoid  bacilli,  etc.  HolU-r"  obtained  striking  results 
in  typhoid  fever  by  injecting  deutero-albumose.  Other  proteins  and 
iroteose  substances  were  subsccpu  ntly  used  by  many  observers,  and 
important  studies  on  the  theoretical  effects  of  the  injection  of  such 
substances  have  been  mailc  hv  JoltHn^  and  Ft't(»rsen.^'  It  can  be 
r^>gn.rdcfl  as.  qiiitp  ilrfinitr  ihnt  these  rcaclioiis  are  entirely  non- 
specific. Thf  tinhstaiKrs  i^sed  have  been  typhoid  vaccine,  primary 
and  seconilary  albumoses.  gonoeoeeus  and  other  bacterial  vaccines, 
normal  serum,  leucocyte  extracts,  etc.,  etc.  The  method  has  been 
applied  to  a  threat  many  detinitt*  infectiong.  such  as  tyjjhoid  fever, 
"general  seusis.  pne\ur.oiiia.  K'HTorrnfal  in  ted  it  mis,  and  to  arthritis 
and  dcrmatological  lesions,  etc.  MilUM--"  )\u<  iw.-tl  typliffiil  \-ti/^<-iiii'tt 
ill  typiioid  fever  and  other  ei^uiditioiis.  and,  in  g^'^'cral,  conehidcs 
that  there  can  be  little  tloubt  that  in  a  limited  numlter  ol  ca,ses^ 
rapid  and  sometimes  pepmaiunt  benL-ticial  results,  are  obtained  after 
a  preliminary  Kliglit  i'ise  ot'  temperature  and  subse([uent  drop,  often 
with  a  chill.  He  also  emifdudi^s  that  if'an  i-niumnt  iiist  s]iffieirn{ 
to  incite  a  chill  ir  used,  ihnt  i^^  U'  the  dosagr  is  carefully  controllivl, 
the  treatment  is  without  danjjyr,  Mr  hTiti  ^ir-JX}  3/"X^  intrnvononf 
Jnieetinns  of  tvnhoid  vaccine  iii  Llie  Conk  Cuuntv  llosnital.  without; 
serious  consequences,  cxcent  for  the  development  of  delirium  tremens 

^HolUr,  lleit.  z.  Frank,  ii.  lukeft,  6,  mj,  cited  froju  Miller.  Jour.  A.  M.  A., 
78.  Jan.,  192]. 

^Jobling  and  PeirDtcn,  Jour.  Exper.  Mod.,  20,  2914. 
•a/im-r.  loc.  cit. 
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in  some  alcoholica.  He,  however,  carefully  selected  his  cases.  As 
Teteraen"  concludes^  non-specific  therapy  has  produced  definite  re- 
sults, though  the  eventual  determination  of  its  definite  value  cannot 
yet  be  made.  It  is  in  the  experimental  stage,  and  according  to 
Petersen"  concludes,  non-specific  therapy  has  produced  definite  re- 
sults, though  the  eventual  determination  of  its  definite  value  cannot 
yet  be  made.  It  is  in  the  experimental  stage,  and  according  to 
Petersen,  "its  usefulness  and  ultimate  range"  cannot  yet  be  fully 
judged. 

The  effects  of  the  injection,  as  analyzed  by  Petersen  from  his 
own  studies  and  a  study  of  the  literature,  are  as  follows:  After 
injftptiftn  nf  thfi  more  powerful  and  active  substances,  there  is  at, 
3xBt  a  chill,  sweating,  and  a  definite  rise  of  temperature ;  there  is  a_ 
leucoptenia  followed  by  leucoeytosis,  iowering  of  the  blood  pressura. 
and  changes  in  the  blood,  such  as  increase  in  fibrino|;^en,  a  ri8e^_of 
enzyme  curve  and  an  increase  in  blood  sugar  and  antibodies.  The 
less  active  substances  produce  some  temperature,  a  slight  chill  and 
other  symptoms  mentioned,  to  a  lesser  degree.  The  beneficial  effects 
may  perhaps  be  to  some  extent  explained  by  the  increase  of  leu- 
cocytes and  of  enzymes,  and  Petersen  makes  a  point  of  the  fact 
that  if  the  method  is  to  exert  beneficial  effects,  it  is  probably  neces- 
sary to  use  it  early  in  the  disease.  We  are  not  in  any  position  at 
present  either  to  recommend  or  further  comment  upon  the  method, 
but  it  is  an  important  problem  for  laboratory  experimentation  and 
for  careful  clinical  application  in  the  hands  of  men  trained  in  ex- 
perimental studies. 

The  Problem  of  Virulenoe. — ^An  extremely  obscure  chapter  in  our 
knowledge  of  the  reaction  of  animals  and  man  against  infection  is 
the  one  dealing  with  the  questions  of  varjdng  pathogenicity  between 
diflPerent  bacterial  species  and  between  different  races  of  the  same 
microorganism.  We  know  that  certain  bacteria  may  be  injected  into 
an  animal  or  human  being  in  considerable  quantities,  without  pro- 
ducing anything  more  than  the  temporary  local  disturbance  follow- 
ing the  subcutaneous  administration  of  any  innocuous  material. 
Other  bacteria,  on  the  other  hand,  such  as  the  bacillus  of  anthrax 
or  the  bacillus  of  chicken  cholera,  injected  in  the  most  minute 
dosage,  may  give  rise  to  a  rapidly  fatal  septicemia.  Within  the 
same  species,  furthermore,  fluctuations  in  virulence  may  take  place 
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which  may  dcp^'nd  upon  a  variety  of  influences  vhich  haTc  been 
discU2isi'd  ill  another  section  and  need  not  be  reeapitulated.  Suffice 
it  to  aay  that  variations  in  the  susceptibility  of  inoculated  subjects 
do  not,  in  any  way,  furnish  a  sufficient  explanation  for  these 
phenomena. 

In  an  effort  to  cast  light  upon  this  subject.  Bail,  following  in  the 
footsteps  of  his  predecessors.  Kruse,**  Dcutsch  and  Peistmantel," 
has  formulated  his  so-called  **ajigressin-theory." 

Hail"  was  first  led  to  the  formulation  of  liis  theory  by  extensive 
researches  which  he  had  made  in  conjunction  with  Petterson"  into 
anthrax  immunity.  He  had  not<*d.  us  others  In'fore  him  had.  that 
animals,  highly  susceptible  to  anthrax,  often  possessed  marked  bac- 
tericidal powers  against  this  bacillus.  "When  such  animals,  whoso 
serum  should  surily  be  capable  of  bringing  about  the  death  of,  at 
least,  a  few  hundred  anthrax  bacilli,  were  injected  with  doses  far 
less  than  this  number  they  nevertheless  succumbed  rapidly  and  the 
bacilli  multiplied  enormously  in  their  bodies.  He  argued  from  this 
that  the  injected  microorganisms  must  possess  some  weapon  whereby 
they  were  enabled  to  counteract  the  protective  forces  of  the  animal 
organism.  In  an  anthrax-immune  animal,  as  a  matter  of  fact,  no 
proliferation  of  baeteria  took  place  and  the  injected  germs  were 
rapidly  disposed  of  by  the  protective  forces,  foremost  of  which  was 
phagocytosis. 

The  theory  of  Bail'*  contains  the  following  basic  principles:'* 

Pathogenic  bacteria  differ  fundamentally  from  non-pathogenic 
baeteria  in  tlicir  power  to  overcome  the  pmtective  mechanism  of 
the  animal  body,  and  to  proliferate  within  it.  They  accomplish  this 
by  virtue  of  definite  substances  given  off  by  them,  probably  in  the 
natxire  of  a  secretion,  which  acts  primarily  by  protecting  them 
against  phagocytosis.  Those  substances  (referred  to  by  Kruse  as 
'*Lysins")  were  named  by  Bail,  **Aggres8in8."  The  production  of 
aggressins  by  pathogenic  germs  is  prol>ably  alisent  in  test-tulM»  cul- 
tures, or,  at  any  rate,  is  greatly  depressed  under  such  conditions, 


^  Kntse,  ZJegler'8  Beitrage,  xii,  1893. 

'^ Deutsch  iind  F^int mantel,  '*Die  Impfntoffe  in  Sera/*  Leipzig,  1903. 
■  Bail,  Cent.  f.  Bakt.,  I,  xxvii,  1900,  and  xxiiii,  1902. 

"Bail  uDtl  PetteraoH,  Cent.  f.  Bakl.,  1,  xxxiv.  1903;  xxxv,  1904;  xxxvi,  ld04. 
-Bail,  Arrh.  f.  Hyg.,  lii.  IflOo;  liii,  1905;  Wien.  klin.  Woch.,  xvii.  1905. 
"BflW  und  WeU,  Wien.  klin.  "Woch.,  ix,  1906;  Cent.  f.  Bakt.,  I,  xl,  1906;  xlii, 
1906, 
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but  is  called  forth  in  the  animal  body  by  the  iniluenocs  <'Ucountored 
after  inoculation. 

These  aggressing  can  be  found,  according  to  Bail,  in  the  exudates 
about  the  site  of  inoculation  in  fatal  infocliona,  lie  obtained  thcni, 
separate  from  tin*  haderia,  by  tlir  contrifugation  and  subsequent 
decanting  of  edema  fluid,  and  pleural  and  peritoneal  exudates. 

Two  experinK-ntal  oKscrvations  arc  brouglit  by  Rail  in  support 
of  tlie  trutli  of  his  contentions.  Li  the  tirst  place,  he  was  abh;  to 
show  that  fatal  infection  could  be  produced  in  animals  by  the 
injct'tiou  Lif  subk'tlial  doses  of  bacteria,  when  these  were  administered 
wilii  a  small  quantity  of  **aggressin."  He  inf**rred  from  ihis  that 
the  injected  aggressin  had  paralyzed  the  onslaught  of  phugoeylic 
and  other  protective  agencies,  and  had  thus  made  it  possible  for 
the  bacteria  to  proliferate. 

The  second  experimental  support  of  Bail 's  theory  consists  in  the 
successful  immunization  of  animals  with  aggrcssin.  Animals  were 
treated  with  aggressive  exudates,  from  which  all  bacteria  had  been 
removed  by  centrifugalixulion  and  wliieh  had  been  rendered  sterile 
by  three  hours*  beating  to  60"*  C.  and  additioii  of  0.5  per  cent  phenol. 
Animals  so  treated  were  not  only  immune  themsclveH,  but  contained 
a  substance  in  ttieir  serum  which  permitted  the  passive  immunization 
of  other  untreated  animals.  Bail  explained  this  by  assuming  the 
production  of  anti-agpressins  in  the  treated  subjeets.  His  experi- 
ments and  those  of  his  pupils  wei-e  conducted  with  the  typhoid  and 
dysentery  bacilli,  the  bacilli  of  chicken  cholera  and  of  plague,  the 
cholera  spirillum,  and  various  raicrococei.  Aeeording  to  whether  a 
microorganism  is  capable  of  producing  an  aggressin  and  conse- 
quently of  invading  the  animal  body,  he  divides  liacteria  into  *'pure 
purasites,'-  "half  parasites,"  and  "'saprophytes.*' 

The  theory  of  liail  has  lu^en  attacked  chiefly  by  "Wassermann 
and  Citron."  WolfT.*'  and  Sauerbeck."  The  criticiRm  whieh  these 
investigators  mnkr  of  Itnils  views  has  succeeded  in  placing  the 
"aggressin"  theory  in  doulit.  It  is  claimed  by  them  that  much  of 
the  "aggressive"  character  of  Bail's  exudates  is  due  to  their  con- 
taining liberated  haeterini  poisons  (endotoxins).  This  they  have 
maintained  both  beeause  the  pfcrile  "aggressin"  exudates  could  be 
shown  to  possess  a  considerable  degree  of  toxicSty  and  because  the 

"  M'awrrmaftH  and  Ciirwtt  Deut.  nrd.  Wofh.*  xxviU,  1805. 
•^  IFotiT,  iUint.  t  Bakt.,  I,  XJirvUi,  1900. 
"5d«frfcfoJl.  Zoit.  f.  Hyg.,  Ivi,  1907. 


OPS<')NINS  AND  VACClNK  THKRAPY 


U\ 


aggressive  action  could  U'  duplicated  by  aqeous  extracts  of  bacteria. 
Citron,"  was  able  to  show,  by  the  Bordet-Gengou  method  of  com- 
plement fixation,  that  the  exudates  of  Bail  contained  quantities  of 
free  bacterial  receptors,  which,  in  taking  up  imnuine  ImkIv,  would 
Deutrali/.e  auy  dc&truetive  power  on  the  part  of  the  infected  aninial. 

The  writer  in  conjunction  with  Dwyer"  has  done  certain  expcri- 
jnents  whicli  »eem  to  indicate  that  Bail's  aggreasin  may  be  in  the 
nature  of  anaphylatoxiu.  The  addition  of  such  anapliylaloxin  to 
bacteria  will  convert  a  sublethal  i]ito  a  lethal  dose,  aa  will  Bait's 
^grefisin,  and  in  principle  the  manner  of  production  is  tlie  same. 
^Thc  nature  of  the  immiuiity  produced  in  animals  by  T^aiTH  method 
of  treatment  is  leas  easily  explained  and  less  exposed  to  adverse 
eritlcism.  Whatever  may  be  the  truth  about  the  possession  of  oiten- 
Bivc  weapons  on  the  part  of  bacteria,  it  is  certainly  a  fact  that 
microorgamsms  i^lifTrr  much  in  their  powx'rs  of  defense  against  de- 
struction by  the  cells  in  sera  of  the  animal  body.  Vinilent  bacteria 
are  not  destroyed  by  serum  or  agglutinated  or  taken  up  by  leucocytes 
as  easily  as  are  the  non-virulent.  In  some  cases  there  seems  to  be 
no  morphological  clue  to  the  reason  for  this.  In  other  cases,  like 
pneximoeoeci,  Friedliinder  bacilli  and  others,  there  is  a  bacterial 
capsule  wliieli  seems  to  insulate  these  organisms  against  attack. 
>}fany  bacteria  lose  their  capsules  in  the  non-virulent  stage  on 
culture  media,  but  form  them  within  the  animal  body  in  the  process 
pf  infection.  Again^  bacteria  rendered  non-virulent  by  cultivation 
on  artifieial  media  may  become  virulent,  iimgglulinable,  and  more 
resistant  to  phagocytosis  when  cultivated  on  immune  sera  or  passed 
through  the  animal  lx>dy. 

Thus  the  power  to  invade  depends  possibly  upon  a  combination 
of  offensive  properties  and  defen.sive  qiialities  on  the  part  of  the 
bacteria.  Added  1o  this,  some  of  us  believe  that  the  reacti<in  between 
lytic  antibodies  and  the  Iwcterial  protein  may  produce  toxic  sub- 
stances which  poison  the  animal  body,  prevent  positive  chemotaxis, 
and  thereby  aid  the  invader. 

Again,  there  are  microorganisms  like  the  treponcma  pallidum  in 
!;^3T)hili8  where.'  adaptation  between  invader  and  host  seems  to  Iwi  of 
auch  a  natui'c  that  an  indifferent  reaction  against  the  invading 
organism  only  is  act  up. 


•Citron,  Cent.  f.  Bait.,  I.  xl,  1906;  xli,  190€;  and  Zeit.  f.  Hyg.  lU,  1905. 
*  ZinMrr  and  Dwjf^,  Proccedin|^  of  the  Sof .  for  Expw.  Biol,  and  Med.,  1914, 
Xi,  74-76. 


CHAPTER  XTX 

HYPKKSI^SOKPTrBrMTY 

The  phenomena  now  grouped  together  under  the  heading  of 
anaphylaxis  and  hypersusceptibility  have  but  recently  become  th€ 
subject  of  systematic  experimentation.  Nevertheless,  manifestations 
now  recognized  as  belonging  1o  Uiis  category  had  not  escaped  the 
attention  of  a  number  of  the  earlier  workers  in  immunity. 

Although  the  development  of  scientific  knowledge  of  hypersus- 
ceptibility has  concerned  itself  paHieularly  during  the  last  fifteen 
years  vnth  hypersusceptibility  plu-nomena  as  they  apply  to  antigenic 
substances,  we  must  deal  with  the  subject  a  little  more  compre- 
hensively than  this  at  the  present  day,  and  call  attention  to  the 
fact  that  clinicians  had  for  many  years  noticed  so-called  idiosyn- 
crasies against  drugs  of  various  kinds,  morphin.  strychnin,  arsenic, 
etc.,  etc.,  and  against  many  things  which  cannot  be  regarded  at  the 
present  time  as  antigens  in  the  sense  in  which  this  term  is  used  in 
immiuiological  literature. 

By  hypcrsuseoptibility  in  general,  then,  we  mean  that  a  certain 
individual,  human  being  or  animal.  KufTrrs  injury  from  the  admin- 
istration of  a  substance  which,  in  similar  amounts  and  methods  of 
administration,  docs  not  exert  any  injurious  action  upon  normal 
member's  of  the  same  species. 

In  some  casfS.  such  as  pollen  hypersensitiveness  and  some  other 
food  idiosyncrasies,  the  hyperaitsceptibility  may  he  congenital,  that 
is,  inherited  by  the  individual  without  traceable  previous  contact 
with  the  substance  to  which  he  is  sensitive. 

In  most  instances,  however,  some  form  of  previous  physiological 
contact  with  the  particular  substance  seems  to  be  necessary  for  the 
development  of  the  hypersensitive  state. 

Owing  to  the  varied  manifestations  of  specific  hypers\isceptibility, 
it  has  been  necessary  to  classify  the  phenomena  of  this  nature  into 
two  main  subgroups.  In  doing  this  we  follow  the  classification  of 
Doerr.*     Docrr  has  grouped  together  all  phenomena  of  hypeiwiB- 

^Doerr,  KoUe  and  Waxscrmann  Handb.,  2,  1913,  947. 
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crptibility  nndcr  the  general  term  of  allergy,  which  means  altered 
reaction.  Under  this  heading  he  classifies,  A,  those  forms  of  hyper- 
susceptibility  in  which  the  inciting  substance  is,  as  far  as  we  know 
at  the  present  time,  n on- antigenic,  and,  B,  that  form  of  allergy  in 
which  the  inciting  substance  is  a  known  antigen. 

We  ourselves  would  rather  define  these  subdivisions  as,  A,  those 
forms  of  allergy  in  which  the  mechanism  of  the  hypersusceptibility 
cannot  be  shown  to  be  due  to  an  antigen-antibody  union,  and,  B,  those 
forms  in  which  an  antigen-antibody  union  within  the  body  can  be 
proved  to  be  res])onsible. 

The  diflfcrence  is  a  alight  one.  but  may,  in  the  future,  perhaps 
become  a  fundamental  one,  for  our  recent  studies  on  the  tuberculin 
reaction  make  xis  believe  that  the  conception  of  the  word  "antigen" 
will  necessarily  change  in  the  course  of  the  next  few  years  of  in- 
vestigation. 

"We  do  not  see  any  particular  purpose  in  altering  the  Doerr 
classification  to  one  suggested  by  Coea'  in  which  the  gennral  term 
**hypersensitiveness"  is  subdivided  into  true  anaphylaxis  and  allergy, 
the  term  "allergy"  here  being  confined  to  the  reactions  in  which 
no  true  antigen-antibody  reaction  can  be  determined.  In  fact,  we 
believe  that  this  would  be  harmful,  in  that  Coca  thereby  implies 
that  there  is  a  general  identity  of  mechanism  underlying  the  mani- 
festations which  he  classifies  together  as  ''allerg}',"  some  of  which 
are  certainly  open  to  ju.stifipd  differences  of  opinion. 

We  will  first  deal  with  those  forms  of  hypei-susceptibility  in 
which  truly  antigenic  substances  are  involved,  and,  for  this  form, 
we  may  reserve  the  term  of  True  Anaphylaxis, 

Anaphtjlaxis. — As  early  as  1893,  Behring^  and  his  pupils*  had  noticed 
that  animals,  highly  immunized  against  diphtheria  toxin,  with  high  antitoicin 
content  of  the  blood,  would  occasionally  show  marked  susceptibility  to  injec- 
tions of  small  doses  of  the  toxin. 

The  phenomena  observed  by  them  was  interpreted  as  an  increased  tissue 
susceptibility  to  the  toxin,  and  Wassemiann,  reasoning  on  the  basis  of 
£hrlicb's  side-chain  theory,  formulated  the  conception  that  the  inercased 
susceptibility  was  due  to  toxin  receptors,  increased  in  number  by  immuniza- 


*Cocn,  Tice's  System  of  Medicine,  Vol.  3,  1920. 
■BeAriiiff,  Deut.  med.  Wocb.,  1893. 

*Knoir,  Dissert.,  Marburg,   1895;  Behrinp  uu<l   Kiioshina,  Berl.  klin.  Woch., 
190J. 
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tion,  but  not  yet  separated  from  the  cells  that  liad  produced  them;  the  oells 
thereby  becoming  more  vulnerable  to  the  poiaon.  In  the  same  category 
belongs  the  observation  of  Kretz,  who  noticed  that  normal  guinea-pigs  did 
not  show  any  reaction  after  injections  of  innocuous  toxin-antitoxin  mixtures, 
but  that  marked  symptoms  of  illness  often  followed  such  injections  when 
made  into  immunized  guinea-pigs.  Other  phenomena  which  are  now  re- 
garded, a  posteriori,  as  probably  depending  upon  the  principles  involved  in 
anaphylaxis,  are  the  tuberculin  and  mallein  reactions,  fully  described  in 
another  place,  and  the  adverse  effects  often  following  the  injections  of  anti- 
toxins in  human  beings,  conditions  spoken  of  under  the  heading  of  "serum 
sickness."  The  last-named  condition  has  been  made  the  subject  of  an  exhaus- 
tive study  by  v.  Pirquet  and  Schick.^ 

That  the  injection  of  diphtheria  antitoxin  in  human  beings  is  often 
followed,  after  an  incubation  time  of  from  three  to  t«n  days,  by  exanthematous 
eruptions,  urticaria,  swelling  of  the  lymph  glands,  and  often  albuminuria 
and  mild  pulmonary  inflammations,  has  been  noticed  by  many  clinicians, 
who  have  made  extensive  therapeutic  use  of  antitoxin.  It  was  recognized 
early  that  such  symptoms  were  entirely  independent  of  the  antitoxic  nature 
of  the  serum,  but  Otspended  upon  other  constituents  or  properties  peculiar 
to  the  antitoxic  serum.  Moreover,  symptoms  of  this  description  were  by 
no  means  regular  in  patients  injected  for  the  first  time,  but  seemed  to 
depend  upon  an  individual  predisposition,  or  idiosyncrasy,  v.  Pirquet  and 
Schick,  however,  noticed  that  in  those  injected  a  second  time,  after  intervals 
of  weeks  or  months,  tho  consequent  evil  effects  were  rapid  in  development, 
severe,  and  occurred  with  greater  regularity. 

The  fundamental  observations  from  which  our  present  knowledge  of 
anaphylaxis  takes  its  origin  are  those  made  in  1898  by  Hericourt  and 
Ricbet,"  who  observed  that  repeated  injections  of  eel  serum  into  dogs  gave 
rise  to  an  increased  susceptibility  toward  this  substance  instead  of  im- 
munizing the  dogs  against  it.  Following  up  the  lines  of  thought  suggested 
by  this  phenomenon,  Portier  and  Richet^  later  made  an  interesting  observa- 
tion while  working  with  actino-congestin — a  toxic  substance  which  they  ex- 
tracted from  the  tentacles  of  Actinia.  This  substance  in  doses  of  0.042  gram 
per  kilogram  produced  vomiting,  diarrhea,  collafise,  and  death  in  dogs.  If 
doses  considerably  smaller  than  this  were  given  in  quantities  sufficient  to 
cause  only  temporary  illness,  and  several  days  allowed  to  elapse,  a  second 
injection  of  a  quantity  less  than  one-quarter  or  one-flfth  of  the  ordinary 
lethal  dose  would  cause  rapid  and  severe  symptoms  and  often  death.    Similar 

^Pirquet  and  Schick,  ''Die  Serum  Krankheit,''  monograph,  Leipzig  and  Wien, 
1905. 

*  Ilcruourt  and  HUhet,  Compt.  rend,   de  la  uoc.  do  biol.,  53,  3898. 

sportier  and  HU'het,  Oompt.  rend,  de  la  hoc.  de  bid.,  1902;  Bichct,  Ann.  de 
I'inat.  I'astenr,  1907  and  3908. 


HYPERfiUSCEPTIBIUTY 


355 


obten'Ations  werc^  made  aoon  after  this  by  Rtrhet  with  mrtilo-eongestin,  a 
toxic  substance  i8olat<^  fruiu  muaselK.  Ln  these  experiments  there  remained 
little  doubt  as  to  tlie  fact  that  the  ftri»t  injection  hud  given  rise  to  a  well- 
marked  inc'ieuM'd  ^itbceptibility  of  the  dogs  lor  tiie  poison  used. 

it  was.Kicbet  who  Hriit  applied  to  this  phenomenon  the  term  '^anaphylaxis" 
((b^  agnint>t,  ^vAo^iv  protection),  to  distinguifh  it  i'roui  immunization  or 
pTDphylaxia. 

Soon  after  Riehet'a  earlier  experimenta,  and  slmultaneoualy  with  hia  latex 
work,  Arlhiifi'*  made  an  observation  which  plainly  eontlrmed  Kicbet  fl  observa- 
tionSf  though  in  a  somewhat  different  Held.  The  obsenatiou  of  Arthub  is 
universally  Hpokeii  of  as  the  "phenomenon  of  Arthua." 

He  noticed  that  the  injection  of  rabbits  with  horse  serum  ^a  substance 
in  itaelf  without  toxic  properties  for  nonnal  rabbits)  rendered  the  rabbits 
delicately  susceptible  to  a  second  injection  made  after  an  interval  of  aa 
or  seven  daya.  The  *iccond  injection — even  of  small  doses — regularly  produced 
severe  ssrmptoms  and  often  death  in  these  animals. 

An  observation  I'ery  similar  to  that  of  Arthus  was  made  by  Theobald 
Smith^  in  1904.  Smith  ohservcii  that  guinea-pigs  injected  with  diphtheria 
toxin-antitoxin  mixtures  in  the  course  of  antitoxin  ijtnudardization,  would  be 
killed  if  after  a  short  interval  they  were  given  a  subcutaneous  injection  of 
normal  horse  scrum. 

The  fundamental  facts  of  bypersusceptibihty  had  thus  been  observed, 
and  Otto,'**  working  directly  upon  the  baios  of  Smith's  observation,  carried 
on  an  elaborate  inquiry  into  the  phenomenon.  Almost  simultaneously  with 
Olto's  pnhlicotion  there  appeared  a  thorough  study  of  the  condition  by 
Rosenau  and  Anderson.'* 

The  researches  of  Otto,  and  tiosenau  and  Anderson,  besides  confirming 
the  observations  of  previous  workers,  brought  out  a  large  number  of  tiew 
facto.  They  showed  conclusively  that  t lie  action  of  the  horse  semm  had 
no  relationship  to  its  toxin  or  to  its  antitoxin  constituents,  that  the  ^'sensitiza- 
tion''  of  the  guinea-pigs  by  the  tirst  injection  became  most  marked  after  n 
definite  incubation  time  of  about  ten  daya.  Sensitization  was  accomplished 
by  extremely  small  doses  (one  oue-millionth  in  one  case,  usual  doses  '/,„, 
to  1  c.c).  Uoseuau  and  Andei'son,  furthermoi*e,  excluded  hemolysin  or 
precipitin  action  as  exfilanatiuns  of  the  phenomena^  and  proved  that  hyper- 
susceptibility  was  trunsmissiblc  from  mother  to  offspring,  and  that  it  was 
speeifie — animals  sensitized  with  horse  serum  not  being  sensitive  to  subsequent 


*  ArthuM,  Compt.  rend,  ile  la  soc.  dc  biol.,  55,  1908. 
•Tft.  Smith,  Jour.  .Med.  Kcs.,  1904. 
^'Otlo,  "Lculhold  Oedenkschrif t, "   1905. 

*^ Eosenau  and  Anderson,  Hyg.  Lab.  V.  S.  Pub,  Healt'i  and  Marine  lloep.  Serv, 
Bull.,  29,  86,  1006,  1907. 
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with  a  few  commentaries  and  sli^t  modifications,  ba  follows:  '*The 
observed  toxicity  of  the  injected  material  must  depend  upon  sen- 
sititation  of  the  animal,  that  is,  the  substance  must  not  produce 
similar  symptoms  in  the  non-sensitized  animal*'  (of  the  same 
species).  '*It  should  be  possible  to  demonstrate  passive  sensitization 
with  the  serum  of  a  sensitized  animal."  This  we  would  modify  aome- 
what  since,  of  course,  in  the  early  stages  of  developing  hypcrsua- 
ceptibility,  aJi  animal,  though  sensitive,  may  have  but  slight  or  even 
no  demonstrable  antibodies  in  his  scrum.  It  would  perhaps  be  more 
accurate  to  say  that  it  must  be  possible  to  produce  passive  scnmtiza- 
tion  to  un  antigen  by  the  administration  of  serum  which  contains 
antibodies  to  this  antigen.  If  dealing  with  guinea  pigs,  it  siiould  be 
possible  by  the  Dale  Method,  to  demonstrate  typical  reactions  as 
described  below  with  the  uterus  of  the  sensitized  guinea  pig.  After 
recovery  fi'om  anaphylactic  shock,  a  condition  of  dcsenaitization 
should  be  apparent  if  quantitative  conditions  arc  taken  into  account. 
This  is  uol  all  that  Weils  says  about  it,  and  we  have  somewliat 
moditied  it  for  our  own  purposes,  but^  in  general,  these  criteria  are 
the  chief  ones  which  must  be  met,  and  they  all  boil  down  to  the 
statement  that,  in  order  to  be  considered  true  anaphylaxis,  it  must 
be  shown  that  the  mechanism  of  whatever  reaction  that  may  occur 
is  one  that  is  fundamentally  based  upon  the  meeting  f)f  an  antigen 
with  its  homologous  antibody.  Further  limitations  of  this,  as  to  the 
site  and  manner  of  such  meeting  will  be  described  below. 

The  Anaphylactic  Antigen. — We  may  save  much  discussion  for 
the  purposes  of  this  particular  book  by  saying  that  substances  with 
which  true  anaphylaxis  can  be  produced  are  all,  as  far  as  we  know, 
protein  in  nature.  No  conclusive  proof  has  ever  been  brought  that 
lypoids  or  carbohydrates  can  act  as  antigens,  and  work  with  protein- 
split  products  has  not  been  sufficiently  satisfactory.  Racemized 
proteins  have  been  shown  by  Ten  lirocck-*  not  to  exert  antigenic 
action  for  anaphylaxis.  Wells,  himself,  states  that  he  has  always 
obtained  negative  results  with  protein  cleavage  products,  but  says 
that  Fink'''  in  his  own  laboratory  has  occasionally  obtained  slight 
anaphylactic  reactions  >vith  proteose  fractions  obtained  from 
coagulated  egg-white  by  hydrolysis  with  steam  under  pressure,  for 
those  parts  of  the  proteose  solution  which  were  precipitated  by 


Ten  Brveck,  Jour.  Biol.  Chcm.,  17,  1914,  369. 
Fiuk,  Jour.  Inf.  Dis.,  25,  iei»,  97. 
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nnder  unusual  or  patholo^cal  conditions  (abnormal  permeability  of 
the  iulestiuai  mucosa). 

When  aeusitizing  guinea  pigs  with  bacterial  proteins  or  pollen 
and  some  other  vegetable  proteins,  it  is  necessary  to  inject  anywhere 
from  six  to  ten  times  on  consecutive  days,  and  testing  about  three 
weeks  after  the  last  injection. 

In  dugs  active  gi'nsitizution  i.s  hard  to  obtain  by  one  injection. 
Single  doses  of  2  to  3  c.c.  of  normal  horse  serum  arc  usually  followed 
by  sensitization  in  three  weeks,  at  least  such  results  seem  to  have 
been  obtained  with  some  regularity  by  Siinonda"  and  otliers,  Such 
Si^nsiti^ation,  however,  is  not  as  acute  and  severL'  as  that  generally 
observed  in  guinea  pigs  under  similar  conditions.  \Veil,-''  however, 
obtained  acute  shock  in  dogs  by  giving  two  sensitizing  injections 
within  a  few  daj's,  and  testing  witli  large  quantities  of  serum  after 
two  and  three  weeks. 

Babbits  are  difficult  to  sensitize  with  a  single  dose  uuder  any 
circumstances,  but  may  easily  be  sensitized  by  repeated  injection. 

The  lower  monkeys  are  extremely  difficult  to  sensitize  under  any 
circumstances.*"' 

Onr  knowledge  of  sensitization  in  man  is  of  course  based  entirely 
upon  clinical  observation.  And  it  is  held,  cspeeiaily  by  one  inves- 
tigator of  anaphylaxis,  that  man  cannot  be  sensitized.  Tliis,  how- 
ever, does  not  seem  to  us  to  l)e  ti-nable,  and  anaphylaxis  in  man  is 
not  an  uncommon  observation  as  manifested  by  serum  siekjiess.  im- 
mediate skin  reaction  and  accidents  observed  especially  among 
asthmatics  treated  with  foreign  protein  for  one  or  another  clinical 
reason.    Fatal  acute  shock  in  man,  however,  is  fortunately  rare. 

Passive  Sen8iti7*atiox. — It  is  this  phenomenon  of  passive  sensi- 
tization which  has  thrown  the  most  important  light  upon  the  proeess. 
It  was  hrst  demonstratr'd  by  Nieolle,^'  by  Otlo.^*  and  by  Gay  and 
Southard,"  all  of  whom  sliowed  that  the  hypersusi'cptible  state 
could  be  passively  transferred  to  normal  animals  by  injecting  them 
with  the  serum  of  anaphylaetie  animals.  In  such  experiments  the 
serum  of  the  anaphylaetie  animal  is  first  injected  in  quantities  of 


••  SimoftdM,  Jour.  Jpafcc.  Dib^  19,  1916. 

"Weil,  Jour,  immuu.,^^  19U^  439.  . 

^Zimecr,  Vrw.  Soc.  Exper.  Biol,  and  Med.,  18,  1920,  07, 

■t^VoJIc,  Ann.  deJ'Io^t.  Pjist.,  S,  1D03. 

"OUorsfunc'h.  meil.  ■Wocli.,'l907. 
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0.5  C.C.  or  preferably  more,  and  twenty-four  hours  later  an  injection 
of  the  specific  antigeii—thal  ib,  the  proteiu  used  for  se  nail  ixa  I  ion- 
is  given.  The  animals  so  treated  show  typical  symptoms  of  hyper- 
susceptibility  and  often  die. 

Simultaneous  inoculation  of  the  two  substances,  either  mixed  or 
injected  separately,  does  not  produce  the  same  effect.  A  fact, 
oteerved  by  Otto,  is  that  the  serum  of  guinea-pigs  who  have  been 
given  the  sensitizing  or  first  injection  will  confer  passive  anaphylaxis 
on  the  eighth  or  tentli  day  after  ijijection,  before  the  animals  them- 
selves show  e\'idences  of  being  actively  hyperseiisitized.  It  is  also 
true  that  occasionally  the  serum  of  antianaphylaetic  animals  will 
possess  the  power  of  confemng  passive  anaphylaxis. 

It  IB  by  means  of  the  passive  method  of  sensitization  that  the 
relations  between  anaphylaxb  and  antibodies  have  been  moat  suc- 
cessfully studied.  Doerr  and  Rims^'*  showed  that  the  power  of  a 
semm  to  convey  anaphylaxis  passively  depended  directly  upon  its 
contents  of  specific  antibody.  It  was  then  slinwii  by  Nieolle," 
Otto.*'  and  others,  that  a  sharp  reaction  can  be  produced  by  this 
method  only  when  a  distinct  interval  not  less  than  four  to  six  hours, 
was  allowed  to  lapse  between  the  injection  of  the  anlJlnKlies  and 
the  injection  of  the  antigen.  This  may  be  taken  as  an  axiom  for 
all  cases  in  which  the  antigen  is  an  unformed  protein  in  snlution. 

It  was  also  shown  by  Weil'"  that  pas.sive  sensitization  could  be 
conferred  by  the  injection  of  precipitates  formed  in  the  test  tube 
between  an  antiserum  and  its  antigen,  a  thing  which  we  can  now 
well  understand  in  view  of  the  knowledge  we  have  of  the  dissociation 
of  antibody  from  such  precipitates. 

Anaphylaxis  may  be  transmitted  passively  by  inheritance.  Tliu.s 
the  young  of  anaphylactic  guinea-pigs  show  hyperausceptibility, 
irrespective  of  whether  the  mother  became  h>T)ersusceptiblc  before 
or  after  the  beginning  of  pregnancy.  Such  anaphyhixis  has  no 
reference  to  the  condition  of  the  father^  and  is  not  transmitted  by 
the  milk. 

The  nature  of  these  anaphylactic  antibodies  has  aroused  much 
discussion.      By    many   observers    they    are    regarded   as    special 


*  Doerr  Rod  Bust,  Ztsehr.  f.  ImmuDitfitsf  orsch.,  1009,  iii. 
''NicoUe,  Bull,  de  Tlnst.  Past.,  1907,  v. 

^Oito,   Daa  Theobald   Bmithitcfac   PhaoaomGDOQ^  etc.,  tod  Lenthold  Qodenk- 
•ehrirt,  1905.  i. 

■  WeU,  Jour,  of  Immunol.,  2,  19W,  19. 
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anaphylactic  antibodies,  separate  from  precipitins,  opsonins,  etc, 
etc. ;  Friedbergcr,^*  himself,  from  the  beginning,  identitit'd  them  with 
'precipitins.  The  direct  qaantitative  relationship  between  pre- 
|<tipitating  antibodies  and  the  power  to  convoy  passive  sensitization, 
desoriljcd  by  Doerr  and  Rnss**  would  point  in  the  same  direction 
as  would  the  above  mentioned  experiments  of  Weil.  Since  we  have 
variously  expressed  in  the  preceding  pages  our  own  opinion  that 
all  antibodies  developed  against  a  single  antigen  arc  one  and  the 
[same  subetance.  we  have  no  hesitation  in  stating  that  we  think  that 
the  so-called  sensitizing  antibody  is  identical  with  the  sensitizing 
antibody  which  is  formed  to  the  antigen,  rendering  it  amenable  to 
agglutination  or  precipitation  or  complement-nation. 

Where  Does  ihc  Reaclion  Occur. — As  we  have  seen,  when  the 
antigen  and  antibody  are  injected  simultaneously  or  within  a  very 
short  period  of  one  another,  no  anaphylactic  symptoms  occur.  The 
study  of  this  interval  has  gradually  led  to  the  recognition  that 
the  anaphylactic  reaction,  whatever  it  may  be,  takes  place  upon  the 
body  cells  and  that  the  interval  in  passive  sensitization  is  neoea- 
eitated  by  the  time  required  for  the  anclioring  of  the  antibodies 
to  the  cells  of  the  tissues.  Experiments  by  Pearee  and  Eisenbrey'* 
(1910)  showed  definitely  that  a  hypersuseeplible  dog  remained  sen- 
Bitized  even  when  his  entire  blood  volume  was  substituted  with  th&t 
of  a  normal  dog.  The  principle  has  been  made  especially  clear  by 
the  introduction  of  direct  methods  of  observation  of  the  smooth 
muscle  cells  of  animals,  by  Schultz"'  and  by  Dale,"  a  method  which 
has  been  particularly  developed  by  Weil."  It  seems  fairly  clear 
from  this  work  and  a  volume  of  other  researches  which  cannot  be 
reviewed  here,  that  acute  protein  anaphylaxis  as  we  see  it  in  guinea- 
pigs  and  other  laboratory  animals  is  due  to  the  direct  reaction 
between  antigen  and  a  specific  antibody  when  this  reaction  takes 
place  upon  the  body  cells  and  not  in  the  blood  stream.  Just  how 
much  influence  the  reaction  within  the  blood  stream  can  exert  or 


••  Friedberger,  with  Bartoch,  Zeit.  f,  Inunaoit.,  S,  1909. 
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whether  it  takes  any  important  part  in  the  phenomena  is  at  present 
a  matter  of  considerable  doubt. 

We  can  feel  safe,  therefore,  in  stating  very  definitely  that  the 
site  of  the  anaphylactic  reaction,  that  is,  the  place  at  which  the 
union  between  antigen  and  antibody  occurs  in  the  production  of 
the  various  symptoms  of  anaphylactic  injury  is  upon  the  cells.  That, 
in  other  words,  the  important  reaction  which  determines  the  train 
of  83^mptom8  which  we  call  anaphylaxis  occurs  when  the  antigen 
goes  into  relationship  with  antibodies  which  are  still  in  some  way 
united  to  tissue  cells,  or  are,  in  the  jargon  of  immunology,  ''sessile" 
upon  the  cells. 

Whether  or  not  any  injury  may  occur  when  antigen  meets  anti- 
body in  the  circulation  is  still  an  open  question.  There  are  experi- 
ments on  record  by  Friedemann"  in  which  he  obtained  reactions 
in  rabbits  by  the  simultaneous  intravenous  injection  of  antigen  and 
antibody,  and  similar  occasional  occurrences  have  been  observed 
by  Brion,  Scott  and  ourselves.  But  these  reactions  are  neither 
Tegular  in  occurrence,  nor  are  they  ever  very  severe.  As  a  matter 
of  fact,  as  we  have  shown,  the  union  of  antigen  and  antibody  in 
the  circulation  is  inhibited  probably  by  colloidal  protection,  and 
this  hiay  be  regarded  as  being  very  likely  a  protective  mechanism. 
An  a  matter  of  fact,  Weil  and  others  have  shown  that  a  sufficient 
amount  of  antibody  in  the  circulation  may  even  protect  the  cells 
to  some  extent  against  anaphylactic  shock,  and  it  is  interesting 
to' note  in  this  connection  that  very  large  doses  of  protective  anti- 
aerum  are  necessary  to  bring  about  this  result,  a  circumstance  which 
is  again  easily  explained  by  the  inhibition  of  union  between  cir- 
culating antigen  and  antibody. 

Concerning  the  possibility  of  the  formation  of  poisonous  sub- 
stances in  the  circulation,  produced  by  the  union  of  antigen-anti- 
body, a  question  which  is  involved  in  Friedberger's  theory  of 
anaphylaxis,  we  will  have  more  to  say  in  a  subsequent  paragraph. 

Symptoms  op  Anaphylaxis. — Anaphylaxis  differs  in  its  symp- 
tomatology and  pathology  according  to  the  species  of  animal  in 
which  shock  is  produced.  There  are  certain  fundamental  systemic 
reactions  which  are  common  to  all  species,  but  in  eacli  species  that 
has  been  observed,  there  are  particular  localization  of  the  immediate 
and  severe  changes  which  lead  to  acute  death.    As  general  symptoms 

^Friedemann,  Zeit.  f.  Immunit.,  2,  1909. 
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wc  may  enamcrate  drop  in  blood  pressure,  fall  of  temperature, 
diminutioit  of  leucocytes,  increased  flow  of  chyle,  and  certain  meta- 
bolic disturbances,  the  identity  of  which  in  different  animal  species 
have  not  been  worked  out. 

In  guinea  pigs,  as  tirst  demonstrated  by  Auer  and  Lewis^  the 
typical  lung  inflation  which  loads  to  respiratory  death  is  due  to 
spasms  of  the  muscles  of  the  bronchioles. 

In  rahljilH,  acute  death  is  not  respiratory,  but  is  a  circulatory 
one,  and  has  been  shown  by  Coca*^  to  be  due  to  spasms  of  the 
muscular  coats  of  the  arterioles  of  the  pulmonary  circulation,  the 
rabbit's  lung  during  shuek  development  remarkably  increased  pres- 
sure against  the  passage  of  perfusion  fliud. 

In  dogs,  acute  anaphylactic  symptoms  have  been  localized  in 
the  liver  by  Manwaring"  and  others.  This  peculiar  physiological 
difference  in  various  animals  in  reaction  to  the  same  general 
ou'chunism  of  injury  has  been  difficult  to  understand,  hut  recent 
observations  of  Coca,  8imonds,  llubcr  and  Koessler*"  and  others 
have  been  correlated  by  Wells  into  what  seems  to  us  a  very  rational 
and  likely  explanation.  Wells  calls  attention  to  the  fact  that  acute 
death  in  guinea  pigs  is  due  to  spasm  of  the  bronchial  muscles,  and 
that  anatomically  the  guinea  pig  has  a  very  high  development  of 
museulatun'  in  the  bronchii,  the  smaller  bronchioles  being  "prac- 
tically nothing  but  muscular  tubes."  Similarly.  Coca's  findings  in 
relation  to  the  pulmonary  circulation  of  rabbits  coincides  with  the 
histological  demonstration  that  the  pulmonary  arteries  of  the  rabbit 
show  a  marked  ouiscular  development.  Simonds  has  shown  thnt  the 
hepatic  veins  of  dogs  differ  from  those  of  all  other  animals  in  having 
a  highly  devehjped  mu-sciilature,  and  it  would  seem,  as  Wells  points 
out,  as  though  the  localization  of  acute  changes  in  different  orgims 
in  the  various  animals  were  dependent  upon  foi-tuilous  differences 
in  the  anatomical  distribution  of  the  smooth  muscle.  He  also  points 
out.  as  further  evidence*,  that  fatal  reactions  in  man  have  occurred 
only  or  most  frequently  in  persons  suffering  from  chronic  pulmonary 
conditions,  chiefly  asthma;  and  Huber  and  Koessler  have  shown 
that  asthmatic  people  develop  a  hj'pertrophy  of  the  bronchial  mus- 
culature wiiicl)  in  its  final  histology-  is  closely  analogous  to  that  of 
guinea  pigs. 

*^Coca,  Jmir,  Imniuuol..  4,  IIM^,  2197 

*^  Manwaiifiji,  Jour,  of  Iniriiiinwi.,  2,  1917,  S17. 

^Huhcr  mic!  Kocuhr,  Asvh.  liit.  Me-I.,   1921. 
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This  explanation  of  Wells  seems  to  ns  eminently  logical.  We 
would  add  to  it  only  the  following  consideration.  Acute  death  may 
well  be  caused  directly  by  the  acute  spasm  of  smooth  muscle  tissue, 
and  the  acute  pathological  manifestations  may  be  dependent  upon 
the  distribution  of  such  muscle.  This  does  not,  however,  exclude 
the  likelihood  that  severe  anaphylactic  injury  may  be  caused  in 
other  cells  in  the  body  as  well,  but  these,  not  being  able  to  react 
by  acute  contraction,  or  by  any  other  pathological  alteration  that 
can  caiise  acute  and  sudden  death,  may  still  be  injured  severely 
without  there  being  an  immediately  noticeable  eflPect. 

ANTi-ANAPHTiiAXiB. — When  sensitized  animals  recover  from^ 
anaphylactic  shock,  they*^  not  react  to  a  subsequent  injeetion  of 
the  same  substance  made  within  a  reasonable  interval. 

This  desensitization  or  "antianaphylaxia"  as  Besredka  and 
Steinhardt  have  called  it,  appears  immediately  after  reftovery  from 
Jhe  second  injection.  Antianaphylaxis  may  also  be  produced  if 
animals  which  have  received  the  first  or  sensitizing  dose  are  injected 
with  comparatively  large  quantities  of  the  same  substance  during 
the  preanaphylactic  period — or,  as  it  is  sometimes  spoken  of,  during 
the  anaphylactic  incubation  time.  This  injection  should  not  be  done 
too  soon  after  the  first  dose,  but  rather  toward  the  middle  or  end 
of  the  preanaphylactic  period. 

If  given  within  one  or  two  days  after  the  sensitizing  injection, 
anaphylaxis  will  develop,  nevertheless.  The  desensitized  condition 
is  a  purely  transitory  state.  Besredka  and  Steinhardt  believe  that 
it  lasts  a  long  time,  while  Otto  found  guinea-pigs  immunized  in  the 
above  manner  to  lose  their  antianaphylaxis  within  three  weeks. 

It  is  not  at  all  necessary  to  actually  shock  an  animal  to  desen- 
sitize it.  The  doses  may  be  given  gradually,  either  in  small  frac- 
tions or  slowly  by  means  of  high  dilution,  as  by  the  method  of 
Priedberger,  and  gradual  desensitization  thereby  accomplished 
without  noticeable  harm.    This  is  of  great  practical  importance. 

Desensitization  in  the  ordinary  sense  probably  means  a  gradual 
saturation  of  the  sessile  antibodies  with  antigen.  It  can  be  demon- 
strated not  only  in  the  living  animal  but  upon  the  sensitive  uterus 
in  the  Dale  apparatus. 

Another  form  of  partial  protection  against  anaphylaxis,  by  the 
injection  of  large  amounts  of  specific  antiserum  has  been  mentioned 
above.    The  mechanism  of  this  is  obvious. 

Desensitization  by  injection  into  the  rectum  or  by  feeding  has 
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been  Aecomplished  but  since  the  absorption  of  unchanged  antigen  by 
these  routes  is  ordinarily  slight,  little  hope  can  be  expected  in  this 
direction  for  practical  purposes. 

There  are  certain  forms  of  protection  against  anaphylactic  shock 
produced  by  the  injection  of  foreign  sera,  and  other  proteins  and 
processes  non-specific  as  far  as  the  particular  anaphylactic  mechan- 
ism is  concerned,  but  there  is  too  little  positive  knowledge  about 
these  to  permit  us  to  discuss  them  here. 

Anaphtlatoxin  Theories,  kto. — ^Vaughan  and  Wheeler**  early 
suggested  that  anaphylaxis  might  be  a  poisoning  produced  as  fol- 
lows. Antibodies  are  formed  by  the  first  injection,  which  on  subse- 
quent reaction  with  the  antigen  administered  in  the  second  injection, 
lead  to  poisonous  protein-split  products.  A  similar  idea  was  ad- 
vanced by  Wolf-Eisner.*'  Proceeding  from  this  general  concept, 
Friedberger,  whose  extensive  experimental  work  may  be  found  in 
many  articles  in  the  Zeitschrift  f.  Immunitatsforschung,  elaborated 
a  theory  of  anaphylaxis  which  may  be  siunmarized  in  the  following 
way:  When  the  antigen  and  antibody  meet  in  the  circulation,  the 
union  of  the  two  renders  the  antigen  amenable  to  complement  action, 
and  the  action  of  the  alexin  or  complement  upon  this  complex  splits 
off  from  it  a  poison  which  he  calls  "anaphylatoxin."  He  succeeded 
in  producing  i>oisonous  substances  in  vitro  by  treating  specific  pre- 
cipitates as  well  as  sensitized  and  imsensitized  bacteria  with  alexin. 
Injection  of  these  substances  into  guinea  pigs  caused  acute  death, 
analogous  in  symptoms  to  anaphylaxis.  Friedberger  and  Hartoch** 
showed  that  there  was  a  diminution  of  alexin  in  the  serum  of  animals 
suffering  from  acute  shock  in  the  course  both  of  active  and  of 
passively  transmitted  anaphylaxis.  He  showed  that  the  intravenous 
injection  of  substances  which  inhibited  complement  action  in  vitro, 
such  as,  for  instance  concentrated  salt  solution,  would  diminish  and 
sometimes  prevent  shock  in  sensitized  animals,  a  phenomenon,  how- 
ever, which  the  writer  with  Lieb  and  Dwyer*'  showed  to  be  due 
to  diminution  of  the  irritability  of  smooth  muscle  caused  by  hyper- 
tonic salt.  It  was  subsequently  shown,  however,  that  similar  poisons 
could  be  produced  from  boiled  as  well  as  from  normal  bacteria,  that 
they  could  be  produced  by  the  treatment  of  fresh  guinea  pig  serum 

•*  Vaughan  and  Wheeler,  Jour.  Infec.  Dis.,  4,  1917. 

•  Wolf  Eisner,  Beri.  klin.  Woch.,  1904. 

**  Friedberger  and  Bartoch,  Zeit.  f.  Immnnit&t.,  1909,  3. 

"  Zint»er,  Lieb  and  Dwyer,  Jour.  Sxper.  Biol,  and  Med.,  12,  No.  8,  1915. 
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with  kaolin,  barium  sulphate.  The  literature  of  tliis  subject  is  extcn- 
Rivc.  The  most  impfirtaut  coiilrilmtjoiis  recent  liave  bevn  made  by 
Bordel.  Moldovan  and  Doerr.**  and  Ntn'y  and  DeKruiff.*"  AD  of 
these  invpsti(j:«tions  tend  to  show  that  guinea  pig  sorinn  can  aeqnire 
strongly  toxic  properties  when  treated  with  any  form  of  sul)stAn«c 
in  tine  suspension,  whether  this  bo  living  or  dead  bactrria,  or  pro- 
tozoa, or  indifferent  materials  siieh  as  agar,  kaolin,  ete.  Fnrtlier- 
more,  the  direct  injection  of  very  dilute  solutions  of  agar,  ete.,  into 
guinea  pigs  and  rabbits  may  cause  fatal  symptoms  closoly  resembling 
anaphylaxis,  iloreover,  it  has  been  shown  by  a  number  of  workers 
that  blood  taken  from  guinea  pigs  and  rabbits,  either  defibrinated 
or  centrifugcd  and  reinjected  before  the  elotting  was  eomplete.  could 
exert  similar  toxic  action.  We  believe  that  these  anaphylatoxir 
phenomena  are  of  ver>'  great  importance,  tliat  I  hoy  represent  a 
phenomenon  dependent  upon  very  delicate  adjustment  of  the  col- 
loidal conditions  prevailing  in  the  eireulatiiig  blood,  and  demon- 
strate the  possible  dangers  accruing  from  the  disturbance  of  such 
conditions,  a  matter  which  has  been  particularly  emphasized  by 
Jobling  and  I'etersen/"  Hut.  we  do  not  believe  that  the  ana- 
phylatoxin  i)henomena  bear  a  direct  relationship  to  the  processes 
ithat  we  may  classify  under  true  anaphylaxis.  The  demonstration 
of  the  cellular  localization  of  the  uieebunism  which  causes  true 
anaphylactic  shock  has,  we  believe,  amply  demonstrated  this. 

Serum  Sickness. — The  injection  of  foreign  proteins  into  human 
beings,  especially  in  the  form  of  horse  serum  as  in  antitoxin  treat- 
ment, causes  a  train  of  symptoms  which  are  classified  together  as 
serum  sickness.  We  will  not  go  into  the  history  of  sennn  sickness, 
however  interesting,  and  refer  the  reader  to  larger  works  on  the 
subject,  the  summaries  of  anaphylaxis  mentioned  alK)vo,  as  well  us 
the  book  of  Von  Pirquet  and  Schick,  **I>ie  Serum  Kraakheit," 
Vienna,  11105.  A  peculiarity  of  this  condition  is  that  it  may  follow 
the  first  injection  of  horse  serum  or  any  other  foreign  protein,  as 
well  as  subsequent  ones. 

After  first  injection,  the  incubation  period  may  last  as  long  as 
twelve  dayn,  or  longer,  although  it  may  be  considerably  shorter  than 
this.    Coca  states  that  in  24  to  4H  per  cent  of  all  cases  the  incubation 


Aioldovan  nnd  Docrr,  Zeit.  t.  TmmunitKt.,  7,  1910. 
Xovif  and  DtKruiff,  Jyiir.  A.  M.  A.,  68,  1917.  1524. 
Jobling  and  Peterten,  Jour.  Exper.  Med.,  19,  1»I4,  No.  5, 


HYPERSUSCEPTIBILITY  367 

period  after  first  injection  is  less  than  eight  days,  while  in  about 
14  per  cent  it  is  longer  than  twelve  days. 

The  symptoms  of  serum  sickness  usually  consist  of  an  eruption 
at  the  site  of  injection,  which  ordinarily  comes  on  quite  early,  some 
time  before  any  general  eruption  is  noticed.  It  often  takes  an 
urticarial  form,  and  becomes  general  after  several  days.  There  is 
usually  some  fever,  occasionally  albuminuria,  and  there  may  be 
joint  manifestations.  The  joint  manifestations  are  often  of  a 
peculiar  nature,  with  slight  tenderness,  but  considerable  stiffness, 
and  very  little,  if  any,  objective  symptoms  of  the  joints,  and  we 
remember  distinctly  a  case  in  which  it  was  difficult  to  tell  whether 
or  not  the  patient,  who  had  received  tetanus  antitoxin  ten  days 
before,  was  developing  tetanus  or  not.  The  case  turned  out  to  be 
one  of  serum  sickness.  Seiiun  sickness  may  also  be  accompanied  by 
leucopaenia,  and,  according  to  Weil,^^  by  drops  in  blood  pressure 
and  decreased  coagulability  of  the  blood.  The  latter  manifestations, 
as  Wells  points  out,  bring  it  still  closer  to  true  anaphylaxis. 

When  a  human  being  is  being  treated  for  the  second  time  with 
horse  serum  at  intervals  longer  than  two  or  three  weeks,  the  re- 
scmblanco  to  true  anaphylaxis  is  still  greater,  and  as  Doerr  points 
out,  the  proccdiu'c  is  more  dangerous  and  will  vary  in  its  mani- 
festations, according  to  the  length  of  time  elapsing  between  the  two 
injections.  If  the  injections  are  not  very  much  more  than  a  month 
apart,  there  may  be,  according  to  Von  Pirquet  and  Schick,  an 
immediate  reaction,  which  takes  the  character  of  severe  serum  dis- 
ease. At  the  point  of  injection  there  may  be  swelling  and  edema, 
witliin  twenty-four  hours,  with  general  symptoms  such  as  those 
described  above  but  rather  more  severe,  within  one  or  two  days. 
If  the  injections  are  months  and  years  apart,  the  onset,  while  usxially 
more  rapid  than  at  the  first  injection,  is  still  likely  to  occur  more 
rapidly  than  when  the  antigen  is  given  the  first  time. 

Van  Pirquet  and  Schick,  from  the  beginning,  believed  that  serum 
sickness  was  due  to  the  reaction  of  antigen  which  had  not  yet  dis- 
appeared from  the  cii'culation  of  the  patient  at  a  time  when  anti- 
bodies were  already  being  actively  formed. 

Opinions  as  to  whether  serum  sickness  is  to  be  regarded  as  true 
anaphylaxis  or  not,  seem  to  differ  at  the  present  time.  Coca  par- 
ticularly seems  to  hesitate  about  incorporating  these  phenomena  into 

"Tf'cif,  Jour.  Immunol.,  2,  1917,  399. 
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those  of  true  anaphylaxis.  We  cannot  go  into  the  controversial 
literature  in  this  place,  but  may  set  down  our  own  opinion  that 
we  think  that  the  time  interval  between  observation  of  symptoms 
and  injection,  on  first  administration,  the  speeding  up  of  symptoms 
in  cases  of  second  and  third  injections,  the  nature  of  the  symptoms, 
and  the  relationship  between  serum  sickness  and  antibody  formation 
in  the  patient,  as  pointed  out  by  C.  W.  Wells,"*  as  well  as  more 
recently  by  MacKensie  and  Longcope,"  together  with  the  phenomena 
of  desensitization  of  patients,  leave  little  room  for  doubt  that  this 
peculiar  condition  is  fundamentally  of  an  anaphylactic  nature. 

It  is  not  so  easy  to  include  in  true  anaphylaxis  the  apparently 
inherited  sensitiveness  to  foreign  proteins  most  frequently  observed 
as  food  idiosyncrasies.  Whether  or  not  these  belong  into  the  cate- 
gory of  anaphylaxis,  the  future  must  reveal. 

Skin  REAC?noN8. — There  are  two  kinds  of  skin  reaction,  one  which 
can  be  obtained,  for  instance,  in  horse  serum  sensitive  people  by  the 
injection  of  minute  quantities,  0.1  to  0.01  c.c.  of  horse  serum  intra- 
cutaneously  injected.  In  these  cases,  within  a  few  minutes  to  one- 
half  hour,  a  growing  urticarial  wheal  begins  to  appear  which  fades 
again  within  an  hour  or  longer.  This  reaction  has  been  variously 
used  to  determine  whether  or  not  patients  possessed  a  high  degree 
of  sensitiveness  just  before  the  administration  of  therapeutic  sera. 
We  have  recently  experimentally  studied  the  relationship  of  such 
immediate  skin  reactions  with  generalized  anaphylaxis  in  guinea 
pigs,  and  have  found  that  the  two  phenomena  correspond  with  con- 
siderable accuracy,  namely,  that  guinea  pigs  give  definite  immediate 
skin  reactions  during  the  periods  at  which  they  are  highly  sensitive 
to  intravenous  injections,  and  that  recovery  from  severe  anaphylactic 
shock  desensitized  them  not  only  to  general  anaphylaxis  but  to  the 
skin  reaction  as  well. 

There  is  another  form  of  skin  reaction  typified  by  the  tuberculin 
reaction  and  the  typhoidin  reaction  in  which  very  little  manifest 
change  occurs  during  the  first  two  hours,  but  in  which  after  twelve 
to  twenty-four  hours,  definite  inflammatory  swellings  occur  at  the 
point  of  injection  with  the  occasional  development  of  a  little  central 
neucrosis  and  hemorrhage,  and  true  cell  injury.  Such  reactions 
fade  only  after  three  or  four  days  or  longer,  and  are  similar  in 

"  WelU,  C.  TT.,  Jour.  Infec.  Dis.,  16,  1915. 

■*  MacKenHe  and  LongcopCy  Med.  See.  N.  Y.  Academy  Med.  April,  1921. 
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many  ways  to  the  toxin  skin  reactions  as  observed  in  the  Scliick 
\fnX  with  diphtheria  tuxiii.  The  rt'lationships  of  these  latter  reac- 
tions to  anaphylaxiff  lias  been  much  questioned  and  with  justice. 
A  n-cent  analysis  by  ourselves  in  the  case  of  the  tuberculin  reaction 
has  shown  that  these  reactions  are  not  anaphylactic  in  the  ordinary 
stMiae,  but  are  brought  about  by  substances  probably  proteose  in 
nature  which  among  other  things,  differ  from  the  true  anaphylactic 
antigens  in  lK*ing  more  permeable  than  these,  and  penetrating  into 
cellfl.  We  refer  the  reader  to  our  article  in  the  J.  of  Exp.  Med., 
unpublislied.  probably  1921. 

xMetiiods  of  Testing  and  Desknsitization  in  In0ivu)uals  about 
TO  BE  Injected  with  Antitoxic  ob  Antibactebux.  Seba. — A  consider- 
able dcgnc  of  pructieal  importance  attaches  to  the  anaphylactic 
phenomena  in  connection  with  the  administration  of  sera.  When 
small  doses  of  tetanus  or  diphtheria  antitoxin  are  to  be  administered 
for  the  first  time,  it  is  generally  unnecessary  to  precede  this  with 
a  skin  test.  Although  we  should  always  advise  that  this  is  done 
in  asthmatics  or  in  people  who  have  suffered  from  chronic  coughs 
or  the  prolonged  pulmonary  intiammations  that  are  apt  to  occur  in 
children  following  measles,  iniiucuza  or  whooping  cough.  This  is 
necessary  for  the  reasons  stated  above  and  pointed  out  by  Hulx'r 
and  Koessler,  which  demonstrated  the  hypertrophy  of  smooth 
muscles  in  the  bronchioles  of  such  people. 

When  intravenous  serum  injections  are  to  be  made,  as  in  the 
treatment  of  pneumonia  and  meningitis,  it  is  best  to  precede  the 
injection  with  a  skin  test.     Such  tests  have  been  done  more  fre 
quently  than  anywhere  else,  we  believe,  at  the  Rockefeller  Hospital 
where  0.02  c.c.  of  a  1 :10  dilution  of  horae  scrum  is  injected  intra 
cutaneously  with  a  similar  injetcion  of  sterile  salt  solution  as  control 
In  nnscnsitive  people  the  wheal  of  the  injection  disappears  rapidly 
But  in  sensitive  ones  it  will  begin  to  increase  after  hve  or  ten 
minutes,  and  within  four  hours  may  show  a  large  red  erythematous, 
urticaria- like  area. 

In  sucli  cases,  careful  desensitization  should  be  practiced.  The 
precautions  to  be  taken  arc  twofold.  One  consists  of  a  preliminary 
attempt  at  desensitization,  the  other  in  slow  administration  by  dilu- 
tion of  the  serum  during  the  jnjcction  of  the  therapeutic  dose. 

The  desensitization  is  best  accomplished  by  the  method  of 
Bcsrcdka'*  which  consists  in  the  gradual  injection  of  progressively 


Bttredka,  BtiU.  lie  rinst.  Paat.^  6,  1908,  820 
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increasiag  doses  of  the  antigen,  in  this  case  horse  scrum,  over  an 
intcrA^al  of  a  number  of  hours.  Cole"  slates  that  il  is  safe  to  begin 
with  a  Hubcutaiieous  injeetion  of  0.025  r.i-.  of  sorniii.  and  at  ono-ltaU' 
hour  intervals  thLTeaft<'r,  giviiiir  further  doses,  douhliri^  the  nninunt 
each  time.  Advei*se  symptoms  should  of  (bourse  U'ad  to  still  grrcater 
care  and  a  lenprtheninp  of  the  interval.  If  by  this  eareful  method 
finally  1  c.e..  has  been  given  at  a  dose  without  advei-se  symptoms, 
0.1  c.c.  may  be  given  iutravenouslyj  and  continued  ever>*  one-lialf  hour 
with  double  the  dose.  Cole  recommends  continuing  this  careful 
procedure  until  about  25  c.c.  total  of  the  serum  has  been  given.  He 
then  waits  about  four  days,  and  gives  the  remainder  of  the  dose. 

It  stands  to  reason  that  no  absolute  rides  for  such  a  procedure 
can  be  given  and  that  after  the  general  principle  has  been  under- 
stnoil,  the  individual  pliysiciaa  must  \w  guided  by  close  oliservation 
of  the  patient  and  familiarity  with  the  symptoms  to  be  expected. 

The  adverse  sjTnptoms  to  be  expected  are  immediate  respiratory 
distress,  rapidity  of  the  pulse,  and  there  may  be  coughing. 

In  finally  giving  the  serum,  in  such  cases^  in  the  larger  quantities, 
it  should  be  diluted  with  sterile  salt  solution  by  at  least  one-half, 
and  may  be  so  given  by  gravity  that  tlio  tii-st  10  c.e.  should  occupy 
about  ten  minnt(*8. 

Hay  Fever.  Urticaria,  etc. — The  clinical  condition  spoken  of  as 
hay  fever,  asthmatic  attacks  called  forth  by  apparent  hypersns- 
ceptibility  to  certain  kinds  of  dust,  the  emanation  of  animals,  etc., 
etc.,  cannot  at  present  bt-  classified  clearly  wixU  true  anaiihylaxis 
because  of  certain  apparent  diiTercnccs  from  ordinary  anaphylactic 
phenomena  which  cannot  be  ignored,  Dunbar^"  at  first  regarded 
the  susceptibility  to  pollen  or  hay  fever  as  due  to  a  toxin.  This, 
however,  is  not  tenable  ou  present  experimental  evidence.  The  toxin 
idea  is  not  tenable  because  of  the  fact  that  normal  insusceptible 
individuals  do  not  react  to  many  times  the  amounts  to  wliieh  the 
hay  fever  patients  respond.  Numerous  studies  upon  the  inheiitability 
of  the  hay  fever  tendency  seemed  to  show  that  a  tendency  to  h}T>er- 
sensitiveuess  of  thivS  kind  may  be  hereditary,  an  observation  wldch 
in  the  train  of  a  number  of  other  investigators  has  recently  been 
corroborated  by  Cooke  and  Vandcr  Veer.*'     They  seem  to  believe 


'*Cotr.  Moiif>t(r«ph  of  ihi'  Kfick  Iimt.,  l!»i:.  N».  7. 

**  Dunbar,  citoil  from  Dorrr,  Knllr  nnd  Wrixju^rm/infi  irnn'thurh.  K«IIt.  2. 

f^  Cooke  and  randtr  Vht^  J.  of  Immitn.  I,  191B,  201. 
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"that  the  tendency  Is  inherited  as  a  dominant  characteristic.- '  The 
question  of  whether  or  not  liuy  fever  i«  a  phusc  of  protein  sensitiza- 
tion, then,  cannot  he  answered  either  affirmatively  or  negatively  at 
the  present  tiini-.  It  is  aceompanied  by  cutaneous  sensitivenesH  to 
pollen  extracts  and,  according  to  Cooke  and  Vander  Veer,  subcu- 
taneous injections  of  snch  extracts  into  sensitiye  individuals  may 
produce  a  general  eruption.  On  the  basis  of  its  heredity.  Cooke  and 
Vander  Veer  and  Coca"  remove  the  hay  fover  complex  from  the 
elass  of  protein  anaphylaxis.  Coca  claiina  in  addition  that  pollen 
extracts  are  not  antigenic  in  the  ordinary  sense  of  the  word,  but 
in  this  he  is  mistaken,  since  Airs.  Parker  in  our  laboratory  reeently 
proved  that  extracts  made  by  us,  as  well  as  the  ones  used  by  Cooke 
and  Vander  Veer,  could  be  used  as  anaphylactic  antigens  if  the 
mcthod.s  of  sonsiti/ation  and  of  test  were  sufficiently  delicate. 

Druo  Idiosvncrasiks. — Abnormal  sensitiveness  to  many  drugs  be- 
longing to  almost  all  ehemieal  classes  nf  substances,  inorganic  and 
organic,  has  been  noted  for  yeara  by  clinicians.  Among  them  are 
murphin,  stryehnin,  atropin,  salicylates,  lialogciLs,  and  their  com- 
pounds, salvarsan,  etc.  These  substances  arc  obviously  not  antigeruc 
in  the  ordinary  sense.  The  hypersuserptihility  is  generally  speeific 
at  least  for  the  chemical  group,  and  it  seems  to  be  a  fact  that  the 
reaction  elicited  in  the  individual  does  not  represent  exaggerated 
symptoms  of  the  physiological  effeets  of  the  drugs,  but  ar»\  in  a 
general  way,  alike,  whatever  the  drug  used.  The  symptoms  usually 
come  on  rapidly,  within  a  few  hours  or  days,  and  consist  in  various 
kinds  of  skin  rashes,  and  fever.  In  such  cases,  where  salvarsan, 
iotlin,  ete.,  preparations. have  Ix^en  used,  there  may  be  marked  and 
rapidly  developing  local  inltammatory  effects  at  the  point  of  inocula- 
tion. Drug  idiosyncrasies  cannot  be  transmitted  passively,  and,  so 
far,  no  conclusively  successful  experiments  on  artifieial  hypemen- 
sitization  of  animals  mth  these  substances  have  been  made.  There 
is  only  one  oxeeption  to  this,  namely  the  experiments  of  Swiff* 
with  sulvarsan  in  which  aetive  sensitization  of  guinea  pigs  with 
salvarsan-guinea  pig  serum  mixtures  resulted  in  apparently  success- 
ful, though  inconclusive,  results. 

There  is  no  adequate  explanation  at  the  present  time  for  drug 
idiosyncrasies.  The  most  reasonable  suggestion  whieh  has  been 
made,  however,  is  the  one  that  drugs  enter  into  some  form  o£  corn- 


Coca.  Tiro's  Practice  of  Meclicine,  VoL  2,  1920, 
Stcift,  J.  Exp.  Me.i.  24,   l'.)16,  37.^. 
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bination  with  the  scrum  proteins  of  the  liosl,  \yliich  are  then  ao 
altered  in  their  antigeuic  properties  that  they  can  act  as  antibody 
inciting  or,  iu  other  words,  antigenic  substances.  When  hoi-se  serum 
or  other  animal  sera  for  instance  are  treated  with  iodin,  an  iodin- 
protcin  combination  is  formed,  which  represents  an  antigenic  altera- 
tion of  the  original  scrum  protein.  Animals  injected  with  such  au 
iodized  horse  scruni  w\\[  produce  antibodies  which  are,  to  some 
cxtcutf  specific  for  this  iodin-protein  combination.  It  is  not  impos- 
sible that  this  is  the  fundamental  basis  for  drug  allergy,  hut  there  are 
very  atrong  arguments  against  this  assumption,  particularly  the 
failure  up  to  date  to  produce  such  conditions  uniformly  in  animals 
by  active  or  passive  sensitization.  It  would  seem  to  us  futile  at  the 
pNMDt  time  to  make  either  positive  or  negative  statements  in  this 
reipect. 

Anaphylaxis  in  Infectious  Disease. — There  can  be  little  doubt 
about  The  fact  that  both  general  and  localized  hj-persrnsitiveneaa 
play  an  important  role  in  infectious  di.scase.  Whenever  an  infection 
becomes  subacute  or  chronic,  the  body  may  become  sensitized  to  the 
cougulnbh;  protein  in  the  bacterial  body.  This  we  have  ourselves 
shown  with  typhoid  protein,  and  with  tuberculous  guinea  pigs  and 
tuberculo-protein ;  and,  in  the  case  of  tuberculosis,  our  experimenta 
done  with  Ihc  Dale  method  corroborated  tlie  previous  experiments 
of  Baldwin,"  Krausc"*  and  others  who  worked  by  the  intravenous 
method.  Thus,  in  all  infectious  diseases  which  last  any  length  of 
lime,  wc  can  count  upon  anaphylactic  phenomena  to  participate  in 
the  general  symptomatologieal  and  pathological  picture.  This  sub- 
ject is  still  very  much  a  matter  of  experiraental  investigation,  and 
a  discussion  of  it  would  carry  us  too  far  afield  in  the  present 
coruicction. 

Delayed  skin  reactions,  like  the  typhoidin.  tuberculin,  «tc.,  reac- 
tion, are,  wc  believe,  phenomena  of  specific  sypersmsitivcness  to 
substances  of  a  somewhat  less  complex  molecular  structure  than  the 
proteins,  substances  which  do  not  produce  antibodies  in  the  usual 
sense;  these  substances  are  mnrr  difTusihle  than  are  the  true  pro- 
teins, can  get  inside  the  cells,  and  their  reaction  with  the  cells, 
then,  is  an  intracellular  one  in  which  the  intervention  of  sessile 
antibodies  is  not  necessary.  For  a  further  analysis  of  this  relation- 
ship and  the  experimental  basis  for  the  statements  we  make,  we  refer 

the  reader  to  our  unpublished  article  mentioned  above. 
^\ — 

•  Baldwin,  J.  Med.  KW  119,  1910. 

«  Kravtf,  Amer.  Bev.  Nibcr.,  1,  1917,  flf 
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CHAPTER   XX 

AS  INTRODUCTION    TO   THE    STUDY    OF   INFECTIOUS   DISEASES 

THE  RELATIONSHIP  OF  BACTERIOLOGY  TO  THE  CLINIC 
AND  TO  PUBLIC  HEALTH 

The  problem  of  infectious  diseases  is  peculiar  in  that,  more  than 
any  other  branch  of  medicine,  it  calls  for  the  intimate  cooperation 
of  the  laboratory  worker,  the  clinician  and  the  sanitarian.  It  is  a 
subject  in  many  phases  of  which  problems  of  cn^neering  are  im- 
portant, in  which  food  production  plays  a  part,  and  to  whicli  the 
educational  and  sociolojncal  nffencies  of  the  community  as  a  whole 
can  contribute  very  nialerially.  The  eventual  suppression  of  in- 
fectious diseases  cannot  be  accomplished  by  any  one  of  the  agencies 
mentioned,  or  by  all  of  them  together  witliout  the  cooperation  of 
the  public  in  general. 

In  many  respects  the  study  of  infectious  diseases  is  the  most 
logical  branch  of  medicine  at  the  present  time.  In  many  of  these 
conditions  we  are  familiar  with  the  causative  agents,  we  know  the 
manner  in  which  Ihey  gain  entrance  to  the  body,  where  they  lodge 
and  multiply,  where  and  how  they  form  their  secondary  foci,  what 
manner  of  poisons  they  produce,  and  what  reactions  they  call  forth 
in  the  living  animal  tissues.  We  can  often  isolate  the  bacteiia  from 
the  bodies  of  the  sick  and  lhc  dead;  we  can  recognize  them  when 
we  isolate  them  in  locationn  outside  the  body;  we  can  study  their 
biological  activities^  and  their  poisons  both  apart  from  the  animal 
body  and  in  animal  experimentation.  Moreover,  both  in  animals 
and  man  we  can  study  directly  the  reactions  of  the  body  to  invasion, 
and  the  agencies  by  which  the  invaders  are  destroyed. 

For  these  reasons,  the  first  requirement  for  a  thorough  clinical 
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comprehension  of  infectiouK  disease  as  it  occurs  in  man,  is  a  funda- 
mental biolo^cal  knowledge  of  the  bacteria  themselves,  their  actions 
upon  artilieial  media,  the  characteristics  by  which  they  can  be  dif- 
ferentiated, the  conditions  under  which  they  grow  and  produce 
poisons,  and  the  reactions  which  they  or  their  poisons  elicit  in 
animals.  Of  course  there  are  many  points  in  such  a  chain  of  reason- 
ing which  investigation  has  not  yet  cleared  up,  and  there  is, 
especially,  much  uncertainty  and  half-knowledge  in  regard  to  some 
of  the  most  important  phases  of  the  chemical  and  immunological 
reactions  which  take  place  between  the  invaders  and  the  animal 
body.  Moreover,  it  is  quite  likely  that  many  of  our  theories  con- 
cerning the  fundamental  principles  wliich  govern  such  reactions  are 
defective.  Hut  without,  at  least,  a  knowledge  of  the  biologieiil  facts 
available,  the  physician  who  is  confronted  by  a  human  infection  is 
working  very  largely  in  the  dark.  It  is  the  task  of  the  specialized 
laboratory  worker  to  prepare  this  material  and  submit  it  to  the 
clinician  so  that  we  may  use  it  in  the  premises  of  his  reasoning. 

Considered  in  this  way,  an  infection  in  an  animal  or  a  human 
being  resolves  itself  into  a  balance  between  the  forces  of  infection, 
on  the  one  Iiand,  and  the  injuHcR  ami  resisting  niiM'liJiiiisrns  (if  the 
infected  subject,  on  the  other. 

We  may  consider  the  entrance  of  n  foreign  living  being  into  the 
tissues  of  a  Iiighcr  animal  or  plant  as  a  process  in  which  a  struggle 
for  existence  is  initiated.  The  invading  microorganism  must  take 
its  nouri.shment  from  the  invaded  host,  alwitracting  thereby  materials 
needed  by  the  host,  and,  in  the  course  of  its  multiplication  and 
digestive  processes,  it  not  only  injures  the  host  mechanically  by 
local  accumulation,  hut  also  by  the  remote  action  of  the  sulMtances 
which  it  produces  in  the  coui*8c  of  its  metabolism,  many  of  wliich 
are  toxic.  The  host,  if  not  overwhelmed,  responds  by  reactions 
wliich  express  themsolvcs  both  in  local  morphological  changes  in 
places  where  direct  contact  with  the  bacteria  is  established,  and  by 
remote  systemic  reactions  incited  by  absorption  not  only  of  the  toxic 
derivatives  of  the  hacteria,  but  also  to  some  extent  of  the  products 
of  the  local  struggle  in  wliich  proteolytic  <lestruction.  necrosis,  etc., 
are  involved.  The  symptom  complex,  therefore,  which  we  recognize 
as  disease  results  in  part  from  injury,  but  to  a  larger  extent  repre- 
sents the  manifestations  of  the  defense  reactions  of  the  host.  When 
a  physician  makes  a  diagnosis  of  a  particular  infection  by  blstory 
and  physical  examination,  he  does  so  on  the  basis  of  his  own  olwerva- 
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tioiis  and  of  those  o£  his  clinical  predecessors,  wliich  have  taugljt 
him  that  a  certain  kind  of  bacterial  invader  elicits  characteristic 
reactions  on  the  paii  of  the  host.  In  many  cases,  however,  micro- 
organisms of  entirely  different  biological  classes  may  elicit  clinical 
pictures  of  great  sinularity,  because  of  analofrous  methods  of  inva- 
sion, like  degrees  of  virulence  and  similar  selective  distribution. 
Pneumonias  caused  by  pneumoeocci  and  Friodlandcr  bacilli  may 
show  very  little  clinical  difference  for  these  reasons,  and  septicemic 
invasions  of  the  blood  by  a  variety  of  microorganisms  may  not  be 
clinically  differentiable.  On  the  other  hand,  one  and  the  same 
species  of  microorganism  may  cause  widely  divergent  clinical  pic- 
tures under  conditions  of  varying  balance  between  the  virulence  of 
the  invader  and  the  resistance  of  the  host.  A  streptococcus  of  low 
virulence  in  a  vigorous  subject  may  for  instance  cause  only  a  local- 
ized at)scess,  whereas,  if  the  virulence  is  enhanced  and  tlic  subject 
Very  susceptible,  the  localized  symptoms  may  be  negligible  and  a 
septicemia  with  secondary  localizations  and  fatal  in  outcome  may 
result. 

The  accurate  diagnosis  of  an  infectious  disease,  therefore, 
depends  first  of  all  upon  a  clinienl  undt-rstanding  of  tlie  reactions 
*of  the  human  body  with  the  different  microorganisms  that  can 
invade  it,  a  knowledge  of  the  manner  in  which  the  different  forms 
can  enter  the  body,  how  they  progress  and  are  distributed,  where 
^'in  the  body  they  are  apt  to  accumiilate.  how  gieat  a  degree  of  fluctua- 
tion in  virulence  and  toxicity  can  be  expected  from  them,  what 
poisons  they  produce  and  what  the  pharmacological  action  of  these 
poisons  is.  While  such  information  may  often,  and  must  frequently 
'JBuffice  to  make  the  diagnosis,  yet  a  knowledge  of  the  manner  in 
'which  blood  cultures,  urine  cultures,  stool  cultiires.  throat  cultures, 
etc.,  can  be  made,  is  necessary  to  affirm  the  diagnosis  in  relatively 
clear  cases  and  to  determine  it  in  doubtful  cases;  and  this  implies 
not  only  a  knowledge  of  the  preceding  fuets.  but  also  botii  the 
knowledge  and  the  technical  ability  aupplifd  by  the  trained  bac- 
teriologist. 

Moreover,  the  dependence  of  clinical  understanding  of  infectious 
diseases  upon  bacteriological  knowledge  is  not  a  bit  less  intimate 
than  is  that  of  preventive  measures  or  sanitation. 

For  purposes  of  prevention,  every  infected  individual  or  every 
carrier  of  a  pathogenic  organism  may  l>e  regarded  as  the  potential 
source  for  infection  of  other  human  beings. 
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Some  diseases  will  of  necessity  remain  sporadic  because  the  infec- 
tion of  a  new  individual  can  be  brought  about  only  by  unusually 
depressed  resistance  or  by  accidentally  enhanced  virulence  on  the 
part  of  the  causative  agent.  ^Vnd  in  some  diseases  transmission 
requires  condiliona  of  contact  wliich  are  not  au  ordinary  ft-ature 
of  intercourse  between  the  members  of  communities.  Diseases,  thus, 
which  under  ordinary  conditions  of  civilized  life  may  occur  more 
or  less  frequently  as  sporadic  scattered  cases,  may  become  epidemic 
only  when  life  in  army  cantonments,  in  crowded  and  unsanitary 
city  quartere,  subject  to  poverty,  filth  and  neglect,  produces  com- 
munity susceptibility  and  facilitates  transmission.  Such,  as  we  shall 
see,  is  the  case  with  many  respiratory  infections,  especially  the 
pneumonias. 

Other  diseases,  on  the  other  hand,  arc  characteristically  epidemic 
because  the  ordinary  virulence  of  the  microorganisms  is  such  that 
practically  all  normal  human  beings  may  bo  regarded  as  susceptible 
and  because  the  most  important  avenues  of  invasion  are  open  in  the 
course  of  normal  community  association.  Such  diseases  are  plague, 
smallpox,  cholera,  influenza  and,  to  a  less  extreme  degree,  the  enteric 
fevers. 

For  this  reason,  the  ultimate  basis  of  sanitation  in  infeetioua 
diseases  depends  upon  close  observation  of  the  possible  sources  of 
infection  so  that  they  may  be  circumscribed  before  broadcast  dis- 
semination has  taken  place;  it  involves  the  routine  safeguarding 
of  ordinary  community  life  in  such  a  way  that  the  avenues  of  trans- 
mission for  the  various  posHible  invaders  may  be  controlled,  and 
finally  it  necessitates  attention  to  the  maintenance  of  the  resbitance 
of  tlie  community  as  a  whole,  both  by  the  hygiene  of  every  day  life, 
the  prevention  of  undue  lowering  of  resistance  of  large  groups  by 
economic  or  other  hardships,  or.  as  in  smallpox  and  typhoid  fever, 
by  the  artificial  reenforcement  of  community  resistance  by  methods 
of  immunization. 

The  source  of  infection  lies  invariably  in  direct  or  indirect  trans- 
mission of  microorganisms  from  a  human  or  animal  source.  Every 
case  of  infection  represents  the  possible  origin  of  many  others,  and 
necessitati'H  surrounding  the  patient  with  all  the  safeguards  appro- 
priate to  the  t>'pe  of  infection  from  which  he  is  suffering,  based 
on  knowledge  of  the  manner  in  which  the  particular  disease  is 
transmitted.  If  the  diseased  individual  were  the  only  problem,  the 
task  would  be  relatively  easy.     As  we  shall  sec,  however,  in  the 
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sabBcquent  chapters,  a  great  many  infections  agents  may  live  sapro- 
phytic lives  in  and  upon  the  bodies  of  human  beings,  who  themselves 
are  not  suffering  from  the  disease.  Such  indi\iduals  are  known  as 
carriers,  and  the  carrier  problem  has  infused  difficulties  into  sanitary 
procedure  which,  in  some  eases,  it  is  almost  impossible  to  combat. 
Thus,  evory  community  has  in  it  a  definite  percentage  of  typhoid 
and  parat>'phoid  carriers;  many  individuals  carry  meningococci, 
diphtheria  bacilli  and  virulent  pneumococei  and  streptococci;  there 
arc  quite  surely  carriers  of  poliomyelitis  and  scarlet  fever,  and  it 
is  not  impossible  that  the  carrier  state  can  exist  for  a  number  of 
other  diseases  in  which  we  have  not  yet  been  able  to  prove  the 
condition  by  actual  experiment. 

In  addition  to  the  case  and  the  carrier,  a  source  of  great  danger 
are  unreeognized  mild  cases.  Typhoid  fever  may  take  a  very  mild 
form,  especially  in  vaccinated  people ;  the  atypical  cases  of 
poliomyelitis  which  occur  in  the  couree  of  every  epidemic  and  may 
occur  in  interepidemie  periods  may  not  be  recognized  until  secondary 
cases  occur;  and  in  many  adults  who  possess  a  relatively  high  im- 
munity, diphtheria  infection  of  the  throat  may  be  so  mild  that  no 
suspicion  of  the  disease  is  aroused.  It  is  in  connection  with  such 
occurrences  that  the  diagnostic  acumen  of  the  practicing  physician 
is  especially  important,  and  it  is  in  the  recognition  of  the  atypical 
cases  and  in  the  early  diagnosis  of  the  ordinary  cases,  that  the 
practitioner  represents  the  first  line  of  defense  against  epidemic 
outbreaks. 

It  is  for  this  part  of  the  protective  campaign  that  we  need 
reporting  systems,  so  that  early  cases  may  be  centrally  collected  and 
charted.  Organizations  for  epidemiological  survey  to  trace  the  early 
cases  to  their  sources,  and  laboratory  units  to  affirm  the  diagnosis, 
search  out  the  possible  carriers  and  trace  the  infection,  if  possible, 
to  contaminated  food  or  Avater.  Here,  too,  are  necessary  arrange- 
ments for  isolation  and  hospitalization  which  involve  the  bac- 
teriological control  by  which  may  be  determined  when  it  is  safe  to 
release  the  patient  for  free  association  with  his  fellows. 

The  transmission  of  infectious  disease  may  be  either  by  direct 
contact  from  person  to  pei-son,  by  indirect  contact  through  materials 
that  have  passed  from  the  sick  or  the  carrier  to  the  new  victim 
by  food  and  water  and  by  conveyance  through  the  agency  of  insects. 
These  factors  will  l>o  considered  in  detail  in  connection  with  every 
individual  disease,  and  it  is  quite  clear  that,  in  order  to  properly 
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safeguard  a  communily,  it  is  necessary  to  know  where  in  the  body 
of  the  sick  or  ihe  earritu*  the  orgaaiiiius  are  to  be  found;  how  they 
may  leave  the  body;  what  tlie  viability  of  the  infectious  agent  is  in 
nature;  how  long  it  can  live  under  different  conditions  of  environ- 
ment in  the  interval  belweeii  its  leaving  one  body  and  entcnng 
the  next,  and  by  which  cliannels  it  most  easily  iufeuU.  Also,  the 
babits  of  hisects  tliat  can  carry  disease  must  be  studied. 

To  interrui)t  the  cliain  of  transmission  from  source  to  victim, 
also,  there  must  be  a  routine  organization  for  the  safeguarding  of 
water,  food  and  other  agencies  which  in  ci-owded  commujiities  arc 
always  in  danger  of  contamination.  And  in  special  cases  it  may 
involve  emergency  measure's  of  personal  hygiene,  engineering  prolv 
lems  nud  insect  destruction. 

In  tliinking  of  infectious  diseases  from  tlic  point  of  \acw  of 
sanitation  it  is  well  to  carry  them  in  one's  mind  in  the  tentative 
classilieation  based  upon  means  of  IransDiission.  since  for  each  par- 
ticular Kuhdivision  iif  this  kind,  preventive  measures  Avill  fall  into 
a  definite  common  plan  of  procedure. 

Thought  nf  in  this  way,  all  the -infectious  diseases  fall  into  four 
groups : 

(1)  Tlie  fii*8t  of  these  consists  of  those  transmitted  by  the  respira- 
tory channels.  This  means  that  the  infectious  virus  leaves  tlic  ease, 
couvalcseent  or  carrier,  with  the  saliva  or  mucus  of  the  upper 
respiratory  pftssag'*s  and  enters  the  new  victim  by  the  same  chan- 
nels. On  this  basis,  the  respiratory  group  would  consist  in  fho 
common  cold,  the  pneumonias,  influenza,  scarlet  fever,  measles, 
smallpox,  chickenpox,  mumps,  whooping  cough,  tuberculosis,  diph- 
theria, meningitis,  poliomyletis  and  a  few  others. 

In  dealing  with  such  diseases,  the  task  is  to  suppress  conditions 
which  would  make  it  possible  for  a  wholesale  distrihutiou  of  sputum, 
for  close  contact  between  individuals  in  sleeping  quarters,  the 
avoidance  of  crowding  in  homes^  schools,  institutions,  etc..  ventila- 
tion, dust  prevention,  und,  in  short,  to  diminish  as  much  as  possible 
the  opporttuiitics  for  eloso  individual  contact  in  closed  spaces.  In 
this  group  <»f  diseases,  prevention  is  most  difficult  because  it  is  quite 
obviuua  that  contacts  need  not  be  of  long  duration,  and  that  close 
association  in  public  vehicles,  and  in  the  ordinary  course  of  business 
and  social  intercourse  may  suflRce  for  transmission.  In  thise  dis- 
eases, particularly,  when  there  is  universal  susceptibility,  as  in  the 
case  of  influenza  or  smallpox,  or  some  of  the  evanthcmata  in  the 
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case  of  children,  epidomic  spread  is  almost  Ttiriavoidftblo  if  nnnani- 
tary,  close  assoctatioik  exists.  Fortuiialely.  in  many  of  the  diseiiMea 
BO  transmitted,  namely,  pnenmonia,  meningitis,  diphtheria  and  a 
number  of  others,  the  normal  resistance  of  the  human  being  is 
relatively  high  and  epidemic  occurrence  takes  place  only  when 
unusual  conditions  prevail. 

(2)  The  intestinal  group  consistinj?  very  largely  of  typhoid  and 
the  paratyphoid  fevers,  the  dysenteries,  cholera,  the  food  poisonings, 
and  the  simple  diarrheas.  In  this  grroup  sanitation,  apart  from  laola-^ 
tion  of  the  recognized  case,  focuses  upon  a  constant  vigilance  in 
regard  to  the  distribution  of  dejecta  from  human  beings,  for  every 
infection  signifies  a  sanitary  defect  in  the  transmiasion  of  the  con- 
tents of  the  bowels  of  one  human  being  to  the  mouth  of  another  by 
any  one  of  a  variety  of  routes.  Sanitation  here  requires  proper 
jtewage  disposal,  the  care  of  privies  and  latrines,  and  careful  control 
of  water  and  food  supplies,  since  naturally  large  epidemics  can  be 
most  easily  brought  about  in  this  group  by  the  contamination  of 
the  daily  diet  of  the  community.  In  these  diseases,  wholesale  infec- 
tion with  water  and  milk  is  constantly  diminishing,  as  we  are  im- 
proving in  our  sanitary  organizations.  But  contact  epidemics  from 
person  to  person  bi'coming  relatively  more  prominent.  Recent 
studies  are  tending,  for  instance,  to  show  more  and  more  the  in- 
creasing importance  of  contact  infection  in  typhoid  fever.  Sehnle* 
studjang  the  reports  of  the  German  Laboratory  at  Trier  for  1918, 
states  that  of  the  typhoid  cases  occurring  in  the  district  controlled 
by  this  lal)oratory  during  that  year,  60  per  cent  were  due  to  contact 
with  cases,  5  per  cent  were  due  to  contact  with  earriei-s  and  only 
1  per  cent  were  due  to  water  and  milk  each.  Of  5,889  cases  analyzed 
at  this  laboratory,  71  per  cent  were  contact  cases. 

The  manner  of  contact  may  var\',  and  Gay=^  summarizes  in  the 
following  way,  the  manner  in  wliieh  this  may  take  place: 

1.  Fingers  or  utensils — mouth. 

2.  lingers — food — mouth. 

3.  Fomites — fingers — food — mouth. 

4.  Flies — food — moutli. 

5.  Fingers — flies — food — ^mouth. 

(^     In  the  case  of  the  first  route,  more  or  less  direct  contact  with 
a  case  is  implied.     In  each  of  the  five  routes  it  is  easy  to  draw 


*Schule,  Mil  Surgeon,  45.  1019,  208. 

*Ga}ff  Tj-phoid  Pc%-er,  Mai'millau  Company,  N.  Y.,  1918. 


380 


PATUOGEMC  MICR00Ra4N]Ba« 


vertieal  lines  actom  the  dashes  and  see  where  and  how  sanitary 
ioterfertnce  may  intermpt  the  progress  of  transmission.  Thus,  in 
the  prevention  of  the  intestinal  infectious,  the  municipal  and  state 
aathoritiea  must  care  for  the  water  BUpplies  and  sewage  disposal 
plants;  the  administrative  pahlic  health  authorities  must  bo  supplied 
with  a  reporting  system  for  th(*  early  recognition  and  demarkation 
of  foci,  and  most  epidemiologically  attempt  to  trace  existing  eases 
to  their  fiourccs,  following  tliis  with  carrier  examinations  of  sus- 
pected small  groups;  physicians  must  act  as  the  first  line  of  defense 
in  regard  to  early  diagnosis,  intelligent^  immediate  isolation  and  the 
collection  of  the  fii*st  significant  epidemiological  information  for  the 
use  of  the  health  authorities;  city  cleaning  departments  and  other 
agencies  must  aid  in  preventing  fly  breeding,  in  garbage  disposal, 
etc.,  and  last  but  not  least,  general  educational  campaigns  must 
elicit  the  intelligent  cooperation  of  the  public  by  supplying  the 
simple  information  which  is  necessary  for  individual  protection.  As 
a  matter  of  fact,  if  the  public  realiKed  that  most  cases  of  typhoid 
and  the  paratyphoid  fevers  could  be  suppressed  at  the  present  time 
by  a  regular  hand  washing  after  defecation  and  before  meals,  the 
problem  would  be  largely  solved. 

(3)  The  third  group  comprises  diseases  in  which  intimate  contact 
between  infectious  material  and  the  external  surface  of  the  body 
of  the  new  victim  is  necessary.  In  some  of  these  diseases  trans- 
mission can  take  place  without  a  visible  break  in  the  skin,  as  perhaps 
in  plague,  rabies,  syphiliH  and  some  others,  where  the  lesion  through 
which  tlie  virus  ciin  enter  may  l>e  so  microscopical  in  size  that  no 
visible  trauma  is  apparent.  In  others,  such  as  the  pyogenic  infec- 
tiona,  glanders,  anthrax  and  the  anaerobic  infections,  trauma  of 
some  kind  is  usually  necessary.  Few  of  these  diseases  can  ever 
become  epidemic  to  any  great  extent  in  the  ordinary  sense  of  the 
word.  Some  of  them,  however,  like  the  venereal  diseases  may  be 
regarded  as  so  plentifully  endemic,  owing  to  the  nature  of  their 
transmission,  that  we  may  look  upon  the  present  condition  of  com- 
munities as  subject  to  a  constant  subaeule  epidemic  state.  Venereal 
diseases  are  a  special  sanitary  group  which  requires  individual 
treatment  which  we  cannot  enlarge  upon  in  this  place. 

(4)  In  the  fourth  group  are  those  diseases  wlueh  are  transmitted 
by  insects.  Such  are  malaria,  yellow  fever  and  dengue  fever,  trans- 
mitted by  different  species  of  mosquitoes^  African  sleeping  sickness, 
pnppataci  fever,  transmitted  by  flics,  Rocky  Mountain  spotted  fever 
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and  African  relapsing  fever,  transmitted  by  a  species  of  tick, 
European  and  Balkan  relapsing  fever,  and  kala-azar  transmitted  by 
bed  bugs,  and  typhxia  fever,  trench  fever  and  some  varieties  of 
relapsing  fever  transmitted  by  lice,  and  plague  largely  transmitted 
by  fleas. 

In  the  sanitation  of  these  diseases  it  is  quite  obvious  that,  in 
addition  to  our  knowledge  of  the  pathogenic  microorganisriiH  which 
*«ause  the  disease,  we  must  study  carefully  the  habits  of  insects, 
their  seasonal  occorrence,  their  nocturnal  or  diurnal  habits,  their 
methods  and  places  of  breeding,  the  distances  which  they  can  travel, 
the  manner  in  which  they  acquire  the  parasites  and  the  manner  in 
which  they  can  be  suppressed. 

Based  upon  an  imderstanding  of  the  conditions  outlined  above, 
moreover,  is  the  science  of  epidemiology  which,  in  its  turn,  can  in- 
directly contnbute  a  great  deal,  both  to  the  solution  of  the  problems 
of  bacteriolog>'  and  to  those  of  transmission.  For,  by  epidemiological 
surveys,  by  a  careful  study  of  the  maimer  of  spread  of  disease 
from  group  to  group,  and  from  place  to  place,  the  explosiveness 
with  which  it  appears  and  relationship  of  cases  to  personal  contact, 
water  or  milk  supplies,  etc.,  many  deductions  can  be  made  which 
have  important  bearing  in  guiding  bacteriological  investigation  and 
preventive  measures.  As  to  preventive  measures,  notlung  is  so  im- 
portant in  the  suppression  of  an  epidemic  disease  as  the  rapid 
circumscription  of  the  initial  focus,  a  thing  which  can  be  accom- 
plished only  by  prompt  epidemiological  survey,  backed  up  by 
accurate  bacteriological  diagnosis.  Such  results  can  be  achieved 
only  when  communities  have  efl&eient  organizations  for  the  prompt 
reporting  of  communicable  diseases,  for  the  systematic  charting  of 
the  cases  and  for  intelligent  and  experienced  study  of  such  charts. 
Indeed,  studies  of  this  nature  alone  may  often  make  possible  a 
causal  classification  of  the  epidemic  before  its  bacteriological  nature 
is  accurately  known.  For  epidemics  will  vary  in  the  respects  men- 
tioned above,  very  largely  according  to  whether  they  are  water 
borne,  distiibuted  by  milk  or  other  food,  or  whether  they  are  spread 
by  contact  or  by  insects. 

It  is  probable  tliat  small  water  epidemics  from  individual  rural 
house  supplies  may  still  be  quite  frequent  and  simulate  contact 
epidemics.  Thn  larger  water  epidemics  of  typhoid,  cholera,  etc.,  will 
become,  as  we  have  stated,  more  and  more  infrequent  as  water 
supplies  are  more  carefully  supervised,  but  when  they  do  occur, 
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their  onsets  and  courses  will  be  characteristic  to  a  degree  which 
makes  it  possible  for  an  experienced  epidemiologist  to  suspect  the 
water  simply  by  a  study  of  the  incidence  of  cases  in  time  and  place. 
To  some  extent,  of  course,  this  depends  upon  whether  the  water 
is  polluted  by  a  single  introduction  of  large  quantities  of  sewage  or 
whether  contamination  is  continuous  over  a  longer  period.  In  both 
cases^  however,  a  large  number  of  the  people  living  in  the  area 
of  the  water  supply  will  be  infected  during  a  relatively  short  period 
of  time.  The  rise  of  the  curve  which  can  be  constructed  from  the 
cases,  therefore,  will  be  steep  and  rapidly  reach  a  peak.  Classical 
instances  of  this  are  the  cholera  epidemic  in  Hamburg  and  an 
epidemic  of  typhoid  fever  in  an  American  city  which  is  described 
in  the  section  on  typhoid  fever.  The  incidence  of  the  cases  in  places 
will  be  sharply  limited  by  the  distribution  of  the  water  supply  and 
examination  of  the  water  will  reveal  colon  bacilli. 

In  milk  epidemics,  a  still  more  explosive  rise  of  the  cases  will 
appear  and  in  such  cases  as  the  Stamford  epidemic  described  by 
Trask,  a  definite  connection  between  the  milk  route  and  the  dis* 
tribution  of  cases  may  be  traced.  On  the  basis  of  such  suspicion, 
the  bacteriologist  can  investigate  the  milk  and  attempt  a  determina- 
tion of  recent  intestinal  disease  or  the  carrier  state  in  milk  handlers. 
Also,  it  is  stated  by  many  who  have  studied  these  epidemics  that 
milk  epidemics  are  apt  to  claim  the  largest  numbers  of  victims 
among  women  and  children. 

Contact  epidemics  will  proceed  by  a  more  insidious  course.  In 
such  epidemics  it  is  extremely  important  to  gather  together  careful 
data  concerning  the  earliest  cases  obser\'ed  and  to  attempt  to  trace 
the  cases  to  some  association  at  a  common  meal,  a  restaurant  or  at 
some  other  common  source  of  food.  Sawyer  traced  a  contact 
epidemic  to  the  carrier  state  in  a  ship's  cook  by  a  simple 
epidemiological  study  of  the  individual  cases  which  all  led  by 
separate  trails  to  the  same  ship's  galley.  Wc  have,  ourselves,  traced 
cases  in  this  way  to  company  kitchens  in  military  units.  In  large 
communities  contact  epidemics  may  trail  along  for  long  periods  of 
time  and  when  association  is  indiscriminate  it  may  be  necessarily 
impossible  to  establish  accurate  relationships.  In  some  contact 
epidemics,  such  as  those  occurring  in  the  Allied  Armies  in  France 
when  intestinal  diseases  appeared  in  large  numbers,  the  rise  of  the 
curve  simulated  that  of  a  water  epidemic  very  largely  because  the 
indiscriminate  distribution  of  unprotected  dejecta  over  large  areas 
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of  recently  occupied  territory,  the  prevalence  of  flies,  and  the  crowd- 
ing of  large  masses  of  men  in  small  areas  made  frequent  contact 
unavoidable.  Such  conditions,  however,  are  not  likely  to  happen 
to  any  extent  at  ordinary  times,  and  contact  epidemics  are  usually 
limited  in  area  and  distribution,  and  careful  epidemiolo|^eal  study 
of  three  or  four  cases  may  lead  to  the  original  focus  which  can  then 
be  determined  by  prompt  laboratory  invcstigatioiu 
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THE  STAPHVLOCOOCI   (MICBOCOCCI) 


The  power  to  incite  purulent  and  sero-purulent  inilaniTnations  and 
localized  ubHcrHsc^  in  man  and  animals  is  (Kissessed  by  a  large  variety 
of  pathogenic  bacteria.  Most  infections^  in  fact,  in  which  the  rela- 
tive virulence  of  the  incitant  and  the  resistance  of  the  infected 
subject  are  so  balanced  that  tvuiporary  or  permanent  localization 
of  the  infectious  process  takes  place  are  apt  to  be  accompanied  by 
the  formation  of  pus.  The  large  majority  of  acute  and  subacute 
puruUnt  processes,  however,  arc  caused  by  the  members  of  a  well- 
deflncd  group  of  bacteria  spoken  of  as  the  pyogenic  cocci.  Among 
these,  pre-eminent  in  importance,  are  the  "staphylococci*'  or  "micro- 
cocci" 

Many  of  the  earlier  investigators  of  surgical  infections  had  seen 
small  round  bodies  in  the  pus  discharged  from  alwcesses  and  sinuses 
and  had  given  them  a  variety  of  names,  CJareful  bacteriological 
Studies,  however,  were  not  made  until  1879  and  the  years  imme- 
diately following,  when  Koch,  Pasteur.  Ogston,^  and  others  not  only 
described  morphologically,  but  cultivated  the  cocci  from  surgical 
lesions  of  animals  and  man.  Of  fundamental  importance  are  the 
studies  published  by  Roscnhach'  in  1884,  in  which  the  technical 
methods  of  modern  bacteriology  were  brought  to  bear  upon  this  sub- 
ject for  the  first  time.  The  group  of  staphylococci — so  named  from 
their  growth  in  irregular,  gi-apedike  clusters — is  made  up  of  several 
members,  by  far  the  most  important  of  which,  pathologically,  is  the 
Slaphyloeoceus  pyogenes  aureus. 

STAPHYLOCOCCUS  PYOGENES  AUREUS 

Morphology  and  Staining. — This  microorganism,  the  most  fre- 
quent cause  of  abscesses,  boils,  and  many  surgical  suppurations,  Is 
a  spherical  coccus  having  an  average  diameter  of  about  0.8  micra, 

*Og$t<m,  Brit.  Med.  Jour.,  1881. 

*M0t0nhofX,  "  Mirroorpmismen  bci  Wundinfektion,"   18S4. 
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mt  varying  within  llie  extreme  limits  of  0.4  to  1.2  micra.  Any 
considerable  vai-iation  from  the  average  size,  however,  is  rare.  The 
[perfectly  spherical  character  may  not  develop,  whenever,  as  is 
Usually  the  case,  two  or  more  are  grouped  together,  unseparated 
after  e«*II  clcavHge.  In  this  case,  adjacent  cocci  are  slightly  flattened 
along  their  contiguous  surfaces. 

Examined  in  smears  from  cultures  or  pus,  the  staphylococci  may 
appear  as  sinele  individuals,  in  pairs,  or.  most  frequently,  in  irregular 
grape-like  clusters.    Occasionally,  short  chains  of  three  or  four  may 
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be  seen.  In  very  young  cultures  in  fluid  media,  the  diplococcus  form 
may  predominate. 

The  staphylococci  stain  with  all  the  usual  basic  aqueous  anilin 
dyes,  and,  less  intensely,  with  some  of  the  acid  dyes.  Stained  by 
the  method  of  Gram,  they  retain  the  anilin-gentian-violet.  Gram's 
method  of  staining  is  excellently  adapted  for  demonstration  of  these 
cocci  in  tissue  sections. 

Although  exhibiting  marked  Rrownian  movements  in  the  hang- 
ing drop,  staphylococci  arc  non-motile  and  possess  no  flagella.  They 
are  non-sporogenous  and  form  no  capsules. 

Cultural  Characters. — Staphylococci  grow  readily  upon  the  usual 
laboratory  media.  The  simpler  media,  made  of  meat  extract,  are 
qtutc  as  efficient  for  their  cultivation  as  are  the  freshly  made  meat- 
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iniusioa  products.  The  optimum  lompcTuture  for  staphylo^^ocmis 
cultivatioji  lic?^  at  or  about  35"  ('.,  tl^ough  gnnvt^  v»>flrlily  fnkrH  i>!«n^ 
at  temperatures  as  low  as  15°_C.,  and  as  high  as  40^  C.  Slow  but 
dcnfiite  growth  ims  been  observed  at  a  temperature  as  low  as  10°  C- 

Wbile  development  is  most  eharactenstic  and  luxuriant  under 
aerobic  conditions,  staphylococci  are  facultatively  anaerobic  on  suit- 
able media.    They  gi'ow  readily  in  an  atmosphere  of  hydrogen. 

As  to  the  reaction  of  media,  staphylococcus  develops  most  favor- 
ably upon  those  having  a  slightly  alkalhi  titer.  Moderately  in- 
creased alkalinity  or  even  moderate  acidity  of  media  does  not  inhibit 
growth. 

On  gelatin  platiis,  growth  occurs  readily  at  room  temperature, 
forming  within  thirty-six  to  forty-eight  houi*8,  small,  shining,  pin-head 
shaped  colonies,  appearing,  at  first,  grayish-white,  and  later  assuming 
a  yellowish  hue,  which  intensifies  into  a  light  brown  and  often  a  bronze 
color  as  the  colony'  grows  older.  The  intensity  of  the  color  diffcre  con- 
sidtTably  in  different  races  of  staphylocoLvi.  Liuuel'artion  of  the 
gelatin  occui's,  and,  shallow,  saucer-sbapcd  depressions  are  formed^ 
nbout  the  <Mihiines  nUfr  forty  t'it^lit  hours  or  inore^  These  zones  of 
lluiditicaliun  grow  larger  as  the  colonii's  grow,  finally  becoming  con- 
fluent. Microscopically,  the  colonics  themselves,  before  liquefaction 
has  destroyed  their  outline,  are  round,  rather  finely  granular,  with 
smooth  edges.  They  are  not  Hat,  but  rise  from  the  surface  of  the 
medium  as  the  se^fmeut  of  a  sphere.  In  gelatin  stab  cuUnrcs  in  tubes. 
flui<lifieation  hiujs  to  the  formation  of  a  funiKl-shiii*ed  depression, 
with,  finally,  eoiniiieU'  liquefat^titm  of  the  medium  and  sedimentation 
of  the  ^yaeteria.  Liquefaction  of  gelatin  by  the  staphyloeoceus  is  duo 
to  a  ferment-like  body  elaborated  by  it,  which  is  spoken  of  as  "gela- 
tina.se.''  This  substan«*e  can  Ik*  obtained  apart  from  the.  cocci  by 
the  filtration  of  cultures.*    It  is  an  extremely  thermolabile  body. 

On  agar  plates  the  eharacteristics  nf  the  growth,  barring  liquefac^ 
tion,  are  much  like  those  on  gelatin,  (j^lonies  do  not  show  a  ten<lency 
toward  confluence,  remaining  discrete,  and  show  a  rather  remarkable 
differenee  in  the  size  of  the  colonies  (H'currinB;  upon  the  same  plate. 
Upon  slanted  agar  in  tubes,  rafJd  growth  occurs,  at  first  grayish-white, 
but  soon  covering  the  surface  of  the  slant  as  a  glistening,  golden-brown 
layer 

In  broik,  growth  Ls  rapiil,  leading  to  a  general,  even  clouding  of 


>£Mb. Ont  f.  Bakt..  sai'u  1»02. 


i» 


STAPUVUXXXXnJl* 


AUHKUH 


387 


the  medinm,  and  giving  rise,  after  forty-eight  or  more  honrs,  to  the 
formation  of  a  thin  surface  pellicle.  As  growth  increases,  the  bacteria 
sink  to  the  l)ottom,  forming  a  heavy,  mucoid  st^diiuenl.  The  odor  of 
old  cultures  IS  often  peculiarly  iuthI.  not  unlike  weak  butyric  acil 


Flo.  44. — 6TAPHTtUOOlXL'8  COLONICS. 


Iji  milk,  staphylococcus  caofies  coagulation  u^uallv  within  jl"'^*'  '^'' 
four  days,  witji  the  fdnnalion  of  lactic  and  butyric  adds. 

On  potato,  growth  is  abuudaut,  i-ather  dry  and  usually  deeply 
pigmented. 

UjKin  coagulated  animal  sera,  rapid  growth  take^i  place  aud  even- 
tually slight  liquefaction  of  the  medium  occurs. 

Inniiraie  solutions,  reduction  of  the  nitrates  to  nitrites  is  cjiUHcd. 

h\  l)unhtnn's  broth,  indol  is  not  formgd: — BayiR'-J*)liP«  and  Zm- 
ninger  nave  studied  llo  strains  of  various  staphyloi'o<»ci  in  all  kinds 
of  media  suitable  for  the  production  of  indolj  and  have  not  found  a 
single  indol  producer. 

In  media  containing  the  carbohydrates — dextrosM*,  lactose,  or  sac- 
charose— acidification  takes  place  with  the  formation  chiefly  of  lac- 
tie,  butyric,  and  formic  acids.    There  is  no  gft»  formation,  howcAxr, 
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In  protein  media  free  from  sugars,  the  staphylococcus  produces 
alkali. 

The  reducing  action  of  staphylococcus  is  shown  by  decolorization 
in  cultures  of  litmus,  mrthylene-hlue,  and  rosanilin.* 

Pigment  Formation. — Differentiation  between  the  various  mem- 
bers of  tlie  staphylococcus  group  is  based  largely  upon  the  formation 
of  pigments.  These  pigments,  so  far  as  we  know,  seem  to  be  species 
characteristics.  Thus,  Staphylococcus  pyogenes  aureus  is  recognized 
primarily  by  its  production  of  a  ycllo wish-brown  pigment,  varying 
in  different  strains  from  a  pale  brown  hue  to  a  deep  golden  yellow. 
Prolonged  cultivation  upon  artificial  media  may  lead  to  a  diminution 
in  the  depth  of  color  produced.*  It  appears  only  when  cultivation  is 
carried  on  under  freely  aerobic  conditions,  anaerobic  cultivation 
resulting  in  unpigmented  colonies.  The  coloring  matter  is  insoluble 
in  water  but  soluble  in  alcohol,  chloroform,  ether,  and  benzol." 
According  to  Schneider,'  the  pigment  belongs  to  the  class  of  *'lipo- 
chromes"  of  fatty  pigments,  and  is  probably  composed  of  carbon, 
oxygen,  and  hydrogen,  without  nitrogen.  Treatment  with  concen- 
trated sulphuric  acid  changes  it  to  a  gi-een  or  greenish-blue." 
Neisser"  states  that  the  pigment  of  .staphylococci  is  excreted  into  the 
media  by  the  organisms  but  does  not  diffuse  because  it  is  not  soluble 
in  water.  Ditferenccs  in  pigment  have  been  the  basis  of  differentia- 
tions within  the  micrococcus  group  as  we  shall  see  Ik'Iow. 

Resistance. — Although  not  spore  formers,  staphylococci  are  more 
resistant  to  heat  than  many  other  purely  vegetative  forms.  The 
thermal  death  point  given  for  Staphylococcus  pyogenes  aureus  by 
Sternbrrg***  lies  between  56**  and  58°  C,  the  time  of  exposure  being 
ten  minutes.  The  same  author  states  that,  when  in  a  completely 
dried  state,  the  coccus  is  still  more  resistant,  a  temperature  of  from 
90°  to  100°  C.  being  required  for  its  destruction.  Against  low  tem- 
peratures, staphylococci  are  extremely  resistant,  repeated  freezing 
often  failing  to  sterilize  cultures. 

Desiccation  is  usually  well  borne,  staphylococci  remaining  alive 


*Fr,  MQVer,  Cent.  f.  Bakt.,  rxv!,  1899. 

*Fli$ffffe,  "Die  Microorg.,"  etc. 

•MiffMla,  "Systpm  <1.  Bakt., "  Jena,  1897. 

^  Schneiderf  Arb.  a.  d.  bukt.  Inst.,  KorUruke,  1,  vol.  i,  1694. 

*Fi$eh^r,  '*Vori<?8.  Ubor  die  Bakt.,"  Jena,  190.^. 

*  S'etMjier,  KoUf  and   Wasacrmann,  2n(|  Ed.  vol.  4,  p.  369, 

^Sternberg,  "Textlxwk/*  etc.,  N.  T.,  1901,  p.  375. 
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ir  six  to  fourteen  weeks  when  dried  upon  paper  or  cloth.**  On 
'filaut  agar,  staphylococci  may  be  safely  left  for  three  or  four  monlha 
without  transplantation,  and  remain  alive.*^ 

The  resistance  of  staphylococci  to  cliemicals,  a  question  of  great 
surgical  importance,  has  been  made  the  subject  of  extensive  re- 
searches, notably  by  Liibbert,"  Abbott,'*  Franzott/*  and  many 
others.  According  to  Liibbort,  inhibition  of  staphylococcus  growth 
is  attained  by  the  use  of  boric  acid  1  in  327.  salicylic  acid  1  in  650, 
irrosive  sublimate  1  in  80,000,  carbolic  acid  1  in  800,  thymol  1  in 
11,000.  Staphylococci  are  killed  by  corrosive  sublimate  1  in  1,000 
in  ten  minutes,  by  carbolic  acid  1  per  cent  in  35  minutes,  3  per  cent 
in  2  minutes  (Franzott).  Ethyl  alcohol,"  even  when  absolute,  is 
not  very  efificient  as  a  disinfectant.  Nascent  iodin,  as  split  off  from 
iodoform  in  wounds,  is  extremely  powerful  in  destroying  staphy- 
lococci. 

Pathogenicity. — iSeparate  strains  of  Staphylococcus  pyogenes 
Aureus  show  wide  variations  in  relative  \'irulence.  The  most  highly 
'•tirulent  arc  usually  those  recently  isolated  from  human  suppurative 
lesions,  but  no  definite  rule  can  be  formulated  in  this  respect.  The 
virulence  of  a  given  strain,  funhermore,  may  be  occasionally  en- 
hanced by  repeated  passages  through  the  body  of  a  susceptible 
animal.  Prolonged  cultivation  upon  artificial  media  is  liable  to 
decrease  the  \nrulence  of  any  given  strain,  though  this  is  not 
regularly  the  case.  There  are,  moreover,  unquestionably,  mauy 
staphylococci  constantly  present  in  the  air,  dust,  and  water,  which 
although  morphologically  aud  culturally  not  unlike  the  pathogenic- 
ally  important  species,  may  be  regarded  as  harmless  saprophytes. 

The  susceptibility  of  animals  to  staphylococcus  infection  is,  like- 
wise, subject  to  extreme  variations,  depending  both  upon  differences 
between  species  and  upon  fortuitous  individual  differences  in  sus- 
ceptibility among  animals  within  the  same  species.  Animals  on  the 
whole  are  less  susceptible  to  staphylococcus  than  is  man.  Among 
the  ordinary'  laboratory  animals,  rablntH  are  most  susceptible  to  this 
microorganism.    Mice,  and  especially  the  white  Japanese  mice,  show 


**  Desionychiimi^a,  Paris,  1897. 
"PfMjtft,  Fort.  d.  Mea.,  2  and  3,  1885. 
^Luhhcrt,  '*BioK  Untcrauch.,"  WUrzburg,  1886. 
** Abbott,  Medical  News,  PhiJa.,  1886. 
'^Framott,  Zeit.  f.  Hjrg^  1893. 
^Banel,  Beit,  z,  klia.  Chir.,  xxvi. 
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considerable  siiscpptibility.    Guinoa-pigs  possess  a  relatively  higher 
reaistance." 

Subcutaneous  or  intramusrular  inoculation  of  a  susceptible 
animal  iiHiially  results  in  the  I'ormalion  ut*  a  localized  abscess  with 
much  pus  formation  and  evcnlual  recovery.  Intraperitoneal  inocula- 
tion is  more  often  fatal.  Intravenous  inoculation  of  dosei*  of  0.5 
c.c.  or  more,  of  fresh  broth  euUures  of  virulent  staphylococci  usually 
leads  to  pyemia  with  the  production  of  secondary  abscesses,  located 
chiefly  in  the  kidneys  and  the  heart  and  voluntary  mtiseles,  but  not 
infrequently  in  other  or^fans  as  well.  In  the  kidney  they  occur  as 
small  foci,  situated  most  often  in  the  cortex,  composed  of  a  central, 
necrotic  pus  ca\-ity,  surrounded  by  a  zone  of  acute  inflammatory 
exudation.  Staphylococeus  lesions  form  histologically  the  typical 
'* acute  abscess."  Not  infrequently  the  pyemic  condition  is  accom- 
panied by  suppurative  lesions  in  the  joints.  Intravenous  injections 
of  virulent  staphylococci  preceded  by  injury  to  a  bone  is  often 
followed  by  the  development  of  osteomyelitis.  Mechanical  or  chem- 
ical injury  of  the  licart  valves  preceding  intravaseular  htaplivlo- 
coccus  inoculation  mav  result  in  localization  of  the  infection  on  or 
about  the  heart  valves,  leading  to  "maligrimnt  endocarditis.' '  In 
producing-expcrimontal  lesions  in  rabbits  all  varieties  of  staphylo- 
coecua  infection  may  be  obtained  by  suitable  methods  of  injectiou. 
If,  for  instance,  a  rabbit  is  given  one-half  to  1  c.c.  of  a  young  broth 
culture,  fi'om  which  the  clumps  have  been  gently  centnfugcd  down, 
into  the  ear  vein,  a  rapid  fatal  septicemia  will  result  with  organisms 
in  the  heart's  blood,  but  no  secondary  loealization  or  a!»scess  forma- 
tion. If,  however,  staphylococcus  enltures  containing  dumps  are 
gently  ccntrifugcd,  the  supernatant  fluid  taken  oflt.  and  small  clumps 
injected  in  not  too  large  amounts  (and  the  amounts  must  be  adjusted 
to  the  virulence  of  the  eulture)  the  animal  will  pass  through  a 
protracted  illness,  with  secondary  abscess  formation  in  kidneys, 
Hvcr  and  other  organs,  in  which  emboli  have  been  formed,  a  condi- 
tion simulating  accurately  pyemia  in  hnman  beings.  Tlie  pyemic 
conditions  following  staphylococcua  inoculation  usually  lead  to 
chronic  emaciation  and  death  after  an  interval  dependent  upon  the 
relative  virulenec  of  the  mieroorganism,  the  amount  injected,  and  the 
resistance  of  the  infected  subject. 


"  Tcrin,    Rof.    .n    Lutiantrh    und    Oatortag.    Krf^obniBsc,    18fl6 ;    Lingolibcim, 
"Aetiol.  (I.  Staph.  Inf.,"  etc.,  Wien,  imo. 
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above  fitatod,  lUr  nuwrptiliility  of  man  to  spontaneous  staphy- 
lococcus iiifictioii  u  dceidcdl>'  more  marked  thau  is  tiial  ol'  animals. 
The  form  of  infection  most  frequently  ob8€rv<»d  is  the  common 
bml  or  furitncle.  As  Uarre.'^  BiidinRcr,"*  Schimmclbasch,^*'  and  others 
have  dcmoustrati-d  by  rxperimcnts  upon  their  own  budit's.  enorgotie 
rubbing  of  the  skin  with  virulont  staphylococcus  cultures  may  often 
be  followed  by  the  development  of  a  fiirunele.  Sulwmtaneoua  inocu- 
lation of  the  human  subject  invariably  gives  Hhc  to  an  abficeiss. 
The  organisms  are  apparently  present  on  the  skin  of  human  beings 
with  gn'at  frequency,  and  it  is  not  xuilikdy  that  in  the  course  of 
daily  life,  they  may  Ih»  inibbed  into  hair  follicles  and  sweat  glands, 
and  be  present  constantly  on  some  part  of  the  body,  pi*epared  for 
immediate  invasdon  of  an  abra.sion  or  other  accident  furnislies  the 
opportunity.  A  simple  and  frequent  disease,  funinculosis.  is,  never- 
theless, a  condition  about  the  pathogenesis  of  which  we  are  con- 
siderably in  the  dark.  Reductions  of  general  resistance,  especially 
those  accompanying  overwork,  indoor  occupations,  and  faulty  diet, 
seem  to  be  concerned  in  furnishing  the  proper  conditions  for  invasion 
by  the  ever  present  staphylococci.  General  metabolic  diseases,  snch 
}is  nephritis  and  especially  cbal>etes,  render  the  individual  abnormally 
Huseeptibie.  In  certain  instances  it  has  been  suggested,  especially 
by  Wriglit,  that  reduction  in  coagulation  time  of  the  blood  might 
influence  this  state  of  affairs. 

Staphylococcus  lesions  of  the  skin  are  eharaeteristic  in  that, 
after  an  induration,  there  occurs  a  central  softening  with  the  forma- 
tion of  liquid  pus.  Tt  is  an  important  (discrvation,  confirmed  by 
much  experie!»ce.  that  if  incision  is  practiced  in  the  indurated  and 
inflamed  tissue  Ixffore  the  proccRs  has  come  to  a  central  head, 
infection  is  usually  spread,  perha^w*  by  the  opening  of  adjacent 
lymphatics.  Therefore,  ther*e  is  much  judgment  required  in  treating 
even  these  simple  lesions.  Foulty  surgical  interference  may  easily 
convert  a  simple  furuncle  into  a  dangerous  carhnnele. 

Common  among  slwjdiyhM'CK'eiis  skin  infeetitins  is  jtaronyckw,  or 
infection  of  the  nail  hod  on  the  fingers.  This  may  often  lead  to 
troublesome  extension  up  the  fingers  and  into  the  hands. 


^Ganc,  Beit.  z.  klin.  Cliir..  x,  lS9a. 

^  Budiuj/CT,  Lubarwih  uui!  Ostcrtag,  KfRpbiiifise,  etc..   ISftfi. 

" SchimmclVvJtch,  Ref,  l»y  BUdinger. 
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Especially  dangerous  are  boils  about  the  nose  and  lips,  and  not 
infrequently  infections  in  these  locations  may  extend  rapidly,  and 
cause  fatal  septicemia. 

Impetigo  contagiosHm^  a  skin  disease  consisting  of  boil-like  in- 
flamed papules  and  occurring  particularly  in  young  children,  is 
caused  by  staphylococci. 

In  suppurative  lesiona  of  the  bones,  or  oftitomyeliiin,  staphylococci 
are  the  most  frequent  eau&ative  agents.  This  may  result,  after 
compound  fracture,  by  infection  from  without,  or  not  infrequently 
staphylococci  will  lodge  in  the  site  of  mechnniral  injuiy  of  bone 
or  fracture,  reaching  the  focus  through  the  circulation.  The  lesions 
produced  in  bone  may  consist  of  alow  localized  abseesses,  or  may 
extend  along  the  medullary  eanal  of  the  entire  bone. 

In  addition  to  these  most  common  lesions,  staphylococci  may 
eause  abscesses  in  almost  any  part  of  the  body.  In  cases  in  whieh 
resistance  if  low  and  the  staphylococci  particularly  virulent,  sep- 
ticemia may  follow  in  any  of  these.  Unlike  the  rapid,  acute  sep- 
ticemia death,  however,  which  is  likely  to  ensue  when  simitar  general 
infection  with  streptococci  takes  place,  staphylococcus  generalization 
is  apt  to  lead  to  secondary  foci  in  kidneys,  liver  and  other  organs. 
This  leads  to  the  condition  of  pyemia  in  which  an  irregidar  septic 
temperature  with  frequent  chills  are  eharacteristie.  Blood  culture 
in  such  cases  will  give  a  eluo  to  the  nature  of  the  infection. 

Ascending  infections  of  the  genito-urinary  tract,  cystitis  and 
pyelonephritis,  may  be  caused  by  staphylococci. 

Staphylococcus  empyema  and  peritonitis  are  not  particularly 
common,  but  may  occur. 

Puerperal  sepsis,  while  not  as  commonly  a  staphylococcus  infec- 
tion, as  it  is  a  streptoeoceus  lesion,  may  occur. 

By  some  writers  staphylococci  have  been  held  responsible  for 
rheumatism,  but  there  is  no  convincing  evidence  of  this. 

Staphylococci  may  also  appear  in  meningitis.  It  is  a  eurious 
fact  that  oeeasionally  a  very  low  grade  staphylococcus  may  get  into 
the  meningi>s,  and  cause  a  very  alow  and  apparently  mild  meningitis. 
We  have  seen  one  such  case  caused  by  a  staphylococcus  albus  recover, 
and  another  wiiieh  died  after  a  prolonged  illness  in  which  the 
organisms  were  repeatedly  isolated  from  the  spinal  fluid,  and,  at 
autopsy,  in  which  the  origin  was  a  cerebellar  abscess. 

Prolonged  chronic  infection  with  staphylococci  may  give  rise  to 
the  so-called  amyloid  changes  in  liver,  spleen  and  kidneys. 
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Toxic  Products. — Endotoxins. — The  liead  bodies  of  Btaphylococci 
injected  into  animals  may  occasionally  give  rise  to  abscess  formation, 
id,**  if  in  sufficient  quantity,  may  cause  death.  To  obtain  the  latter 
result,  howcvnr,  Inrgo  quantities  nro  necessary,  tht*  endotoxJc  sub- 
Ktanccs  within  the  dead  cell  body  ol"  these  microoi*ganisms  being  prob- 
ably neither  very  poisonous  nor  abundant," 

Thai  dea<l  cultures  of  Staphylococcus  aureus  exert  a  strong  posi- 
tive chemotaxis  for  leucocytes  was  shown  beyond  question  by  the 
experiments  of  Borissow." 

II €771  oly si nJi. — In  IIHIO  Kraus**  noticed  the  hemolytic  action  of 
staphyk>cocci  growing  upon  htond-agar  plate  cultures.  iNeisst^r  and 
Wechsbcrg**  then  showed  that  this  hemolytic  substance,  secreted  by 
the  staphylococcus,  could  be  demonstrated  in  filtrates  of  bouillon  cul- 
tures. Si^eh  hunoli^ffijis  arc  prod  need  by  8tm)bvlocoeeiLs  aiyeus.  ftn^^i. 
to  a  lesser  degree,  by  Staphylococcus  albus.  The  quantity  produced 
varies  enormousFy  with  different  strains  and  seems  to  l>e  roughly 
proportionate  to  the  virulence  of  the  particular  microorganism,  though 
exceptions  to  this  rule  are  not  uncommon.  Absolutely  avirulcnt  races 
do  not,  so  far  as  we  know^  produce  hemolysins.  Relationship  of 
hemolysin  formation  to  virulence,  however;  is  not  by  any  means  as 
regular  ajs  at  fii-st  supposed.  A  great  many  staphylococci  may  be 
isolated  from  human  lesions  which  produce  absolutely  «o  hemolysin. 
The  culture  mcdiiun  most  favorable  to  the  formation"  of  these  sub- 
stances is,  according  t'»  Neisser  and  "Wechsberg,  a  moderately  alkaiin 
beef  bouillon.  Cultivated  at  37.5**  C,  the  bouillon  contains  the  maxi- 
mum amount  of  hemolytic  substance  between  the  eighth  and  four- 
teenth day,  and  this  may  be  separated  from  the  bacteria  by  filtration 
through  Berkefeld  or  Chamberhmd  filtei-s.  We  have  not  ourselves 
attempted  to  confirm  these  investigations,  but  in  the  particular  respect 
of  lateness  of  concentration  in  the  cultures  the  staphylocoeeus  hemoly- 
sin seems  to  differ  distinctly  from  that  produced  by  streptococci,  in 
which  the  optimum  for  a  largo  yield  is  early,  within  the  first  twelve 
or  fourteen  hours  of  cultivation. 

The  hemolytin  action  may  be  observed  by  the  general  technique 
for  determining  hemolysia  (given  on  page  311).    It  is  important  to 


^  Schattcnfroh,  Arch.  f.  II yg..  xxxi,  J8S7. 

"v.  LingeUhcim,  "Aotiol.  u.  Therap.  d.  Staph.  Krank./'  Wien,  1900. 

'*Borini&w,  Zieglers  Beitr.,  xvi,  1894. 

••Krmw,  Wion.  klin.  AVoch.,  iii,  1900. 

*  .VcM»«-  und  WcchsherOf  Zeit.  f .  Hyg.,  xxivi,  1901. 
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wnsli  tho  I'od  Mood  corpuscles  uso<l  for  iho  experiments,  since  many 
antnuiis  nonnnlly  possess  small  quantities  of  aiitihemolysiu  in  their 
blood-sera  (man  and  liorse  especially  j.-"  The  red  blood  eorputseles  of 
rabbith,  dogs,  and  guinca-piisfs  are  extremely  snseeptible  to  the  action 
of  the  stapliylo-lu'Uiolysin.  Those  of  man  are  less  easily  injured  by  it. 
The  hemolytic  action  takes  place,  as  Todd^*'  and  others-*  have  shown, 
not  only  in  vitro,  but  in  the  living  animal  as  well. 

The  .staphylt»-liemolyHin  is  cumparatively  thermolabile.  According 
to  Neisser  and  Wechsberg,  heating  it  to  56°  C.  for  twenty  minutes 
destroys  it.  Aeenrding  to  some  other  authors,  however,  higher  tem- 
peratures (60°  to  80°  C.)  are  requii^ed.  Reactivation  of  a  destroyed 
slaphylo-hemolysjn  has  so  far  been  unsuccessful.  The  fact  that  anti- 
staphylolysin  is  occasionally  present  in  normal  sera  has  been  men- 
tioned above.  This  antibody  is  most  abundant  in  the  blood  of  horses 
and  of  man.  Artificially  autistaphylolysin  fornmtiun  is  easily  induced 
by  subcutaneoiLs  inoculation  of  staphylolysin  into  rabbits. 

Lcucocidin. —  In  1894,  Van  de  Veklf^"  discovered  that  the  pleural 
exudate  of  rabbits  following  the  injection  of  virulent  staphylococci, 
showed  marked  evidt;nees  of  leuc<M*yte  destrurtion.  lie  was  subse- 
quently able  to  show  that  the  substance  causing  the  death  and  partial 
solution  of  the  leucocytes  was  a  soluble  toxin  formed  by  the  staphylo- 
coccus, not  only  in  vivo,  but  in  vitro  as  w»*l|;  for  cultures  of  Staphylo- 
coccus pyogen<*8  aureus,  grown  in  mixturt»s  ot*  bouillon  and  blood 
HCnini,  contained,  within  forty-eight  hours,  marked  (luantities  of  this 
**leucocidin/' 

Other  w(»rkers  .Hince  Van  de  Velde  have  evolved  various  methods 
for  obtaining  potent  leuoocidin.  Bail""  obtained  it  by  growing  virulent 
8taphyli»rocriiM  n»  mixtunvs  of  nne-pcr-cent  glyrerin  solutions  and  rab- 
bit serum.  Neisser  and  VVi'disljorg'"  advise  the  use  of  a  carefully 
titrated  alkalin  bouillon.  To  obtain  the  leuco<*idin  free  from  bacteria, 
the  eulturr?s  arc  jtassed  through  Chnmberland  or  Berkefdd  filters, 
after  alxmt  eight  to  eh'vcn  days'  gRiwth  at  37"  ('.,  at  which  time  the 
contents  \t\  lcucocidin  are  usually  at  their  highest  i>oint. 

The  action  of  lcucocidin  upon  leucoc>'tes  may  be  olwerved  in  vivo 
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'^Keiner,  Dent.  tn«d.  Worh..  tdOO. 

*•  Todd,  Trans.  London  Pnth.  Soc,  1002, 

^KniHH,  Wit-n.  kVm,  Woch.,  1902. 

»  Van  df  VrUe,  Ln  Oi'lliilm,  x,  n\H, 

»Bail,  Art'h.  f.  Uyg.,  xxxii,  UiiH. 

"AViwer  uDil  H'tchubcrp,  Zril.  t.  Uyg.,  jurjvl,  1901. 
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'.  sinpie  noitod  of  Van  de  Tebk,  of  mjeetias  nniknl  cup^l»- 
cocci  iutraplearmUv  into  nirfuta  aiui  exAmining  the  cxndftle.  B«il 
adTwe»  the  prwiuctioa  of  leu«oe>tie  intnplcar&l  exudAie*  by  the  nm 
of  aleamst  and  following  thbt  aftf  r  twenty-four  hours  by  an  iujrction 
of  leneoridip-filXrate.  In  t%iro  the  phenomenon  may  be  obierved  bv 
direct  examinatiou  of  mixtures  of  teaeorytcs  aiwi  feuoocklin  in  the 
banging  drop  cm  a  warmed  stage,  or  by  the  '  *  iMcthyleae-Uue 
method"  of  NriBoer  and  VTechsberg.  Tlua  method  is  baaed  upon  the 
fact  that  living  ]eueoe>l%'s  will  reduce  methyl^iie*blue  solutions  and 
render  them  colorleaa,  while  dead  leucocytes  bare  hwt  this  power. 
Loucocidin  and  leucocytes  are  allowed  to  remain  in  ooutaci  for  a 
given  time  and  to  them  i&  then  addf<l  <jUlute  sulution  of  methylcne- 
1£  xhv  ['  -»  liave  been  actively  attacked  by  leucociUiiu 

rt'durtiou  t^..  -  ,  .j-l-c.  This  method  is  partMnl/irly  niiaptcd  for 
quantitative  tests. 

.Vll  staphylococcus  strains  do  not  produce  leuckjcidiu  to  the  samo 
degree.  Almost  all  tnie  Staphylococcus  pyogenes  aureus  cullures 
produce  some  of  this  toxin,  but  one  strain  may  produee^  fifty-  aikd  a 
hundred-fold  the  quantity  produced  by  another.  Staphylococcus 
pyogenes  albus  gives  rise  to  tliis  substance  but  rarely,  and  then  i<> 
small  quantity. 

Leucocidin  seems  to  be  similar  to  the  soluble  toxins  of  other 
bacteria.  It  is  rapidly  destroyed  by  heat  at  58*^  C,  and  deteriorates 
quickly  in  culture  fluids  at  incubator  temperatures.  It  is  distinct 
from  staphylohemolysin  as  shown  by  diflferences  in  thermostability. 

Soon  after  Van  de  Velde  »  iliseovery  of  leucocidin,  Deii^-s  and 
Van  dc  Velde"  produced  an  a nti leucocidin  by  treating  rabbits  with 
pleural  exudate  containing  leucocidin.  Neisser  and  Wechsberg** 
later  confirmed  these  results  and  showed  that  amonic  staphylococci, 
leucocidin  is  not  specific,  the  toxin  of  all  strains  of  Siapliyloci>rcus 
aureus  and  albus  examined  being  neutralixable  by  the  same  anti* 
leucocidin.  Antiloucoeidin  is  often  found  m  tht?  normal  sera  of 
horses  and  man.^* 

Leucocidin  should  not  be  confounded  with  *'leucotoxin,"  a  sub- 
stance obtained  in  serum  by  trratmenl  of  animals  with  leucocytes. 
a  true  "cytotoxin,*'  ha\'ing  no  connection  whatever  with  the  staphy- 
loe  OCCUR. 

"/>cfi.v«  et  Van  dt  Velde,  La  C«UaIe,  xi,  1S06. 

■Loc.  cit. 

•<  yon  d€  FeJde,  Presae  mfMlic«l«,  i,  1000. 
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Staphylococci,  besides  the  toxic  substances  already  mentioned, 
give  rise  lo  gelatinasc,  spoken  of  in  the  section  upon  cultivation, 
and  to  a  proteolytic  ferment  by  mean^  of  which  albuminous  media 
(Lof'fflrr'M  scrum)  may  be  slightly  digested. 

Immunization. — Animals  can  be  rendered  actively  immune  by 
repeated  inoculations  with  carefully  graded  doses  of  living  or  dead 
staphylococcus  cultures."  The  production  of  antistaphylolysin  and 
of  antilcucucidin  ia  thi*  sera  of  animals  so  treated,  has  been  alluded 
to  in  the  preceding  sections.  The  sera  of  such  actively  immunized 
animals  possess  distinct  protective  power  when  administered  to 
other  animals,  sHghtly  before  or  at  the  same  time  with  an  inoculation 
of  staphylococci.  They  do  not,  however,  exhibit  very  high  bacteri- 
cidal power  in  vitro,  the  protective  properties  depending  probably 
upon  their  opsonic  contents." 

Agglutinins  have  been  demonstrated  in  staphylococcus  immune 
sera  by  a  number  of  authors,  and  have  been  of  some  slight  value  in 
difTercntiating  In^twecn  the  several  groups  of  staphylococci."  A 
rather  surprising  result  of  these  researches  has  been  the  recognition 
that  immune  sera  obtained  with  pathogenic  staphylococci  will  ag- 
glutinate other  pathogenic  staphylococci,  whether  belon^ng  to  the 
group  of  Staphylococcus  pyogenes  aureus  or  that  of  Staphylococcus 
pyogenes  albuR,  hut  will  not  agglutinate  any  of  the  non-pat hogcnie 
members  of  cither  group.**  In  view  of  the  recent  studies  on  the 
antigenic  classiAeation  of  streptococci  and  pneumococci,  a  rc- 
rxamiuation  of  tlu».se  relationships  >\nthin  the  staphylococcus  group 
Nhould  l>e  undertaken.  It  is  more  than  likely  that  this  group  is  a 
hetrrogeneous  one,  and  that,  for  purposes  of  intelligent  experimenta- 
tion in  serum  and  vaccine  therapy,  an  antigenic  classification  should 
be  attempted. 

Active  immunization  of  human  beings  suffering  from  staphylo- 
coccus infections  has  been  extensively  practiced  by  Wright,  in  con- 
nwTtion  with  his  work  on  opsonins.  There  can  be  no  question  about 
the  fact  that  the  opsonic  substances  in  the  blood  are  increased  by 
the  injection  of  dead  staphylococci.  The  procedure  is  of  therapeutic 
value  in  subacute  and  chronic  cases.    The  work  of  Hiss  on  the  use 


^ Richet  et  Bcricouri,  Compt.  rend.  d«  IVad.  dea  fcL,  cvU,  1888. 
*"  Kutle  nnd  Otto,  Z«tt.  f.  Hyg.,  xli,  1»02. 

"  Prot^her,  Cent.  f.  Bakt.,  zxriv,  1903  j  c.  LinpcUheim,  "Aetiol  «.  Thrrap,  d. 
Blajifavl.."  H«..  Wicn,  1900. 

*  Proteh^r,  Deut.  med.  Woch.,  zl,  1903. 


STAPHYIXXXX:CC8  PYOGKNtS  AUREUS 


307 


©£  leucocyte  extracts  in  animals  infected  with  Staphylococcus 
pyogenes  aureus  has  g:iyen  encouragement  for  such  treatment  in 
human  beings.  A  number  of  staphylococcus  iniections  in  man  have 
been  successfully  treated  with  leucocyte  extracts  by  Hiss  and 
Zinsser. 

Passive  immunization  with  auti-staphylocoecus  sera  has  nut  been 
a  therapeutic  success.  Extensive  work  has  been  done  especially 
by  German  investigators  in  animal  experimentation,  but  in  most 
cases  it  has  been  found  that  serum  injections  were  of  little  use  if 
administered  after  the  infection  had  been  established.  Injection 
into  the  test  animals  before  infection  or  at  the  same  lime  with 
infection  sometimes  gave  favorable  results.  In  man.  passive  im- 
munization ha.s  not  been  encouraging,  although  we  believe  thai  hope 
of  some  benefit  in  tliis  direction  should  not  be  completely  abandoned 
until  the  antigenic  elassitieation  of  the  staphylococci  has  been 
attempted. 

Hooker"  has  recently  reported  a  number  of  cases  in  which  he 
has  transfused  into  patients  suffering  from  staphyloeoeeus  sep- 
ticemia the  blood  of  donors  immunized  with  staphylococcus  vaccines. 
This  procedure  of  course  Avould  be  applicable  only  to  subacute  cases, 
but  in  the  procedure  of  Hooker  there  seems  to  be  pronii.sc. 

Staphylococcus  Pyogenes  Albus. — This  coccus  differs  from 
Staphylococcus  pyogenes  aureus  simply  in  the  absence  of  the  golden 
yellow  coloration  of  its  cultures.  Morphologically,  culturally,  and 
pathogcnically,  it  is  in  every  way  identical  with  the  staphylococcus 
described  in  the  preceding  section,  but  its  toxin-  and  enzyme-produc- 
ing powers  in  general  arc  less  developed  than  those  of  the  aureus 
variety.  Its  close  biological  relationship  to  aureus  is  furthermore 
demonstrated  by  its  agglutination  in  Staphylococcus  pyogenes  aun-as 
immune  sera. 

Staphylococcus  Epidermidis  Albls. — The  Staphylococcus  epi- 
dermidi.s  albus  described  by  Weleh  is  merely  one  of  the  non- 
pathogenic varieties  of  Staphyloeoeeus  pyogenes  albus  and  possibly 
does  not  deserve  separate  classification.  It  may  give  rise  to  unim- 
portant abscesses. 

Stapfivlococcus  Pyogenes  Citreus. — Staphylococcus  pyogenes 
citreus  produces  a  bright  yellow  or  lemon-colored  pigment  of  dis- 
tinctly different  hue  from  that  of  Staphylococcus  pyogenes  aureus. 


Booker,  An.  of  Surgery,  Nov.,  1917,  p.  B13. 
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It  may  bo  pyogenic  and  in  ovory  way  Hiniilnr  to  StaphylocooruB 
pyogenes  aiu'eiis,  but  is  less  often  t'ound  in  connection  with 
pathological  lesions  than  either  of  the  preceding  staphylococci. 

A  large  number  of  staphyloeoeci,  differing  from  those  described 
above  ill  one  or  another  detail,  have  been  observed.  They  are  of 
common  occurrence  and  are  met  with  chiefly  as  contaminations  in 
the  course  of  bncteriologieal  work.  Few  of  ihesc  have  any  patholog- 
ical significanee  and  none  of  them  arc  toxin-prodnecrs,  so  far  as  we 
know.  Many  of  thcni  differ,  furthermore,  in  their  inability  to 
liquefy  gelatin.  All  nf  them  belong  more  strietly  1o  the  field  of 
botany  than  to  that  of  pathological  baeteriolog>'. 

Atypical  pathogenic  staphylococci  have  been  described  by  n  num- 
ber of  oljservers.  Thus  Weiehsclbnum"  isolated  a  staphylococcus 
from  a  case  of  malignant  endoearflilis  which  could  not  be  cultivated 
at  room  temperature,  and  grew  only  in  very  delicate  colonies.  Veil- 
Ion.*'  moreover,  has  described  a  strictly  anaerobic  staphylococcus 
cultivated  from  the  pus  of  an  intra-abdominal  abscess. 

Micrococcus  Tetragems. — In  1881  Oaffsky**  discovered  a  micro- 
eoeeus  which  occurs  regularly  in   gi'oups  of  four  or  tetrads.     He 


Fto,  45. — Mieaococcu^  tetraocnit8. 


first  isolated  it   from  the  pus  discharged  by  tuberculous  patients 
vnth  pulmonary  lesions.    Observed  in  smear  preparations  from  pus, 

*  U'eichJirlbtiMm,  Dittiingartrn,  Jabrofilj.,  1899,  Ref. 

«*  Veiitott,  (.'ompt.  rvm\.  boc.  .Jo  hiol.,   1HW3. 

*^Ooffnkjf,  Mtttril.  a.  d.  kais.  Acaum1hrit<innit,  1.  IfiAl.  Jlf* 
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the  totrads  arc*  Hliglttly  lai'i^iM'  ui  hizv  tliaii  tlie  oidiuary  .staphylo- 
coccus, Hatteucd  alon^  (heir  adjacent  surfaces,  and  surrounded  by 
a  thick  halolike  capsule.  Preparations  from  cultures  often  lack 
these  eapsiili's.  The  mieroeoeeus  is  easily  stained  by  the  usual  Ijjisie 
auiliu  dyes.  Stained  by  Gram's  method,  it  is  not  decolorized,  retain- 
ing the  gentiau-violet. 

Cultivation. — Mi<Toeo<'<'Us  teti-ageuus  grows  on  tlie  (trdinary 
laboratory  media,  shoM'ing  a  rather  more  delicate  growth  than  do 
the  staphylococci. 

On  agar,  the  eolonies  are  at  first  transparent,  later  they  Iweome 
grayisb-wliite,  but  are  always  more  transparent  than  are  Htaph>lo- 
leoccus  cultures. 

On  gelatin,  growth  is  rather  slow  and  no  liquefaction  takes  place. 

liroth  is  evenly  clouded. 

On  potato  there  is  a  white,  moist  growth  wliich  shows  a  tendency 
to  confluence. 

Milk  is  coagulated  and  litmus  milk  indicates  acid  formation. 

Pathogenicity. — Mierocoeeus  tetrageniis  is  especially  pathogenic 
for  Japanese  mice,  which  succumb  within  tliree  or  four  days  to  sub- 
cutaneoiLs  inoculation.**'  Oray  mice,  rals,  guinea-pigs,  and  rabbits 
are  less  siwccptible,  showing  only  a  localized  reaction  at  the  point 
of  inoculation.  The  organism  has  occasionally  been  isolated  from 
spontaneous  al:)scesses  oliserved  in  domestic  animals. 

In  man.  tliis  microorganism  is  usually  found  without  any  par- 
ticular pathogi'iiie  significance,  in  sputum  or  saliva.  In  isolated 
cases,  however,  it  has  been  described  as  the  sole  ineitant  of  abscesses. 

Bezanqon**  has  isolated  Micrococcus  tetragenus  from  a  ease  of 
meningitis.  A  single  case  of  tetragenus  septicemia  is  on  record, 
reported  in  1905  by  Forncaca.*^ 

In  America,  this  microorganism  has  not  been  frequently  observed 
in  connection  with  disease.  It  is  often  found,  however,  in  eonsider- 
able  n!unbei*s,  in  smears  of  sptitum  which  nre  being  examined  for 
■pneumu<*oeci  or  tul>erele  bacilli, 

Kntkr<>c*)CCUS. — This  is  a  eapsulated  streptocoecus  found  fre- 
quently in  the  intestine's  of  infants,  nnd  first  described  by  P^aeherieh 
and  Tavrl.    It  is  a  pleomorphic  organism  which  may  appear  iji  the 


"yiVItr.  Wien.  kiin.  Woch.,  17,  1904. 
"  Besaiicoii,  Srmainc  m^^d.,  1898. 
'^Konttaea,  Rif.  miMl.,   1903. 
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stools  as  a  diplococcus  or  in  short  chains.  Even  in  the  diplococcas 
form,  the  individuals  may  be  of  different  size  and  shape,  some  of 
them  OTal,  rather  than  round.  It  may  assume  diplobacillus-like 
forms. 

It  is  Gram-positive,  produces  neither  gas  nor  indol,  and  grows 
well  on  ordinary  broth  and  agar.  It  is  aerobic,  but  may  grow  under 
anaerobic  conditions. 

Its  relationship  to  intestinal  diseaae  in  children  has  been  sus- 
pected but  never  conclusively  proven.  Mice  are  susceptible  to  in- 
oculation, rabbits  and  guinea-pigs  less  so. 
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Amono  the  pyogeiiitr  cocci,  there  is  a  large  and  important  groups 
of  organisms  which  multiply  by  division  in  one  plane  of  space  only, 
and  thus  give  rise  to  appearances  not  unlike  chains  or  strings  of 
beads.  The  term  streptococcic  or  cham-coccus  is,  therefore,  a  purely 
morphological  one  which  includes  within  iXa  limits  microorganwms 
which  may  differ  from  each  other  considerably,  both  as  to  cultural 
and  pathogenic  properties.  Thu.s,  cocci  which  form  chains  may  be 
isolated  from  water,  milk,  dust,  and  the  feces  of  animals  and  man. 
These  may  have  little  but  their  morphological  appearance  in  common 
with  the  pyogenic  streptococci  which  are  so  important  as  the  incitants 
of  disease.  The  interi*elation8liip  between  streptococci  from  different 
sources,  however,  is  by  no  means  fully  understood,  and  we  are  forced 
at  present  to  content  ourselves  with  the  recognition  of  n  large  mor- 
phological group,  in  no  individual  ease  takinjj  the  pathogenic  or  more 
special  cultural  characteristics  for  granted. 

Of  paramount  importance  amon^  the  streptococci  are  those  which 
possess  the  power  of  giving  rise  to  disease  processes  in  animals  and 
in  man,  and  which,  because  of  their  ffygnent  ftj<snciatinn  with  sup- 
purative inflammations,  are  roughly  Bfroupf^d  ""'^p^'  tho  heading  of 
j^trcytococcus  puogencH, 

The  same  researches  upon  surgical  infections  which  led  to  the 
discovery  of  the  staphylococci  laid  the  basis  for  our  knoivlcdire  of 
the  streptococci.  The  fundamental  studies  of  Pasteur  and  Koch* 
were  followed,  in  1881,  by  the  work  of  Ogston.*  mIio  was  the  first 
to  differentiate  between  the  irregularly  grouped  staphylococci  and 
the  chain-cocci. 

Pure  cultures  of  streptococci  were  first  obtained  by  Fehleisen" 
in  1883  and  by  Rosenhach*  in  1884.    The  thorough  and  systematic 


*KooK  '  *  Unternieh.  flber  Wpndinfcktioa,''  etc.,  1878. 

'Oyston.  Brit.  Med.  Jour.,  1881. 

*FrMfi*en,  "  \ot\o].  ,1.  Krjsipelas,**  Berlin,  1883. 

'Bosenhach,  *'Mikroorg.  hei  Wundinfektion,"  etc,  Wiesbaden,  1884. 
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rf»i'iitrijMn  of  thfi  last-namod  authors,  together  with  those  of  Pasact,* 
wera  of  Hpccial  influence  in  placing  our  knowledge  of  the  pathogenic 
propcfiif's  (if  strt.'ptrM'0('('i  ui>on  a  scxentiiic  basift. 

Morphology  and  Staining. — The  indixidual  streptococcus  is  a 
gplit-ri<-ai  micronrganihiii  iiu-asujing  ^rom  0.5  niicron  to  1  micron Tn 
diameter     Since  llic  Tine  of  cleavage  oi  cocci,  when  In  chains,  is 


( 

"^'»               * 

t 

J 

1 

! 

Flo.  46.— ^TRKiTocotxnm  ptooenes. 

perpendicular  to  the  long  axis  of  the  chain,  adjacent  cocci  often 
show  slight  flnllcniug  of  the  contiguous  surfaces,  forming,  as  it 
were,  a  serioH  of  diiilocoeci  arranged  end  to  end.  As  a  general  rule 
the  streptococci  pathogenic  for  man,  when  grown  upon  favonible 
media,  have  a  tendency. to  form  chains  made  up  of  at  least  eight 


* Pasict,  ''rntorinch.  Uhcr  ilie  eitriipMi  Phlrgm.,"  ftc,  UerliD,  1885. 
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or  TnoT9  inaiVToiiala,  while  the  more  S8propliy*if.  i*'ss  pntliojrcnio 
varieties  are  apt  to  be  united  iu  shorter  groups.  I'ih>»  this  ba.HW  a 
rough  luorpholoirical  distinction  has  been  made  by  v.  Lingelshoim.* 
who  first  oniployod  the  tcrniH  slrvplococeus  "lo^^^s*'  and  "brens. " 
A  differentiation  of  this  kind  can  hardly  be  relied  upon,  however, 
fdnce  the  leng^lh  of  ehainn  is  to  some  degrre  depeiidinit  upon  cultural 
id  other  environmental  conditioiw.  Species  which  exhibit  long 
md  tortuous  chains,  when  grown  upon  Huitably  alkalin  bouiUoa, 
or  ascitic  broth,  may  appear  in  short  groups  of  three  or  four,  or 
even  in  tlie  diplo  form,  when  cultivated  upon  solid  media  or  unfavor- 
able fluid  media. 

It  has  often  been  noticed  that  some  streptococci  will  form  cap- 
snles.^  We  arc  not  n^ferring  by  this  to  the  so-called  **sirtptococcuii 
mttcosus**  of  Schottinuller,  which  is  now  spoken  of  as  *' pnvumococcus 
mtteosus*'  or  Type  III,  but  ordinary  and  probably  tnie  hemolytic 
streptococci  may  ^m  (►evasion  form  capsules  which  are  noticeable  in 
smears  from  infected  animals  and  in  early  cultures  made  upon  media 
rich  in  animal  fluids,  but  may  be  lost  on  subsequent  transplantation 
to  simpler  media.  The  capsule  lierc  is  an  attribute  of  virulence. 
It  has  iH'cn  particularly  noticed  in  connection  with  the  so-called 
streptococcus  epidcmieus  isolated  from  milk,  to  wluch  we  will  refer 
in  subsequent  paragraphs. 

Streptococci  do  not  form  spores,  are  non-motile,  and  do  not 
pos.4ess  Hagella. 

An  astonishing  change  in  the  size  and  appearance  of  streptococci 
may  be  noticed  under  different  conditions  of  cultivation.  Strepto- 
cocci which  liavc  gi'own  under  anaerobic  or  partially  anaerobic  (con- 
ditions will  often  show  chains  of  the  organisms  of  minute  size. 
Indeed,  we  liave  seen,  intei*sp<'i*sed  >vith  chains  of  the  ordinary  ap- 
pearance, individual  chains  composed  of  organisms  almost  as  small 
as  the  glolwid  bodies  of  Xoguebi.  It  is  these  small  individuals  which 
appear  under  ana<"robie  conditions  that  have  been  respcmsible  for 
Kosenau's  ideas  concerning  the  etiolojaeal  role  of  streptococci  in 
poliomyelitis.  Again,  in  old  cultures  there  may  be  either  at  the 
ends  or  even  in  the  middle  of  the  chains,  largts  swollen  individuals, 
almost  as  big  as  .small  yeast  cells.    When  these  are  first  encountered 


•v.  Linffclthcim,  *'AetioL  u.  Therap.  d.  Streptok.  Infek."  Beit,  z,  Exp.  Ther.» 
Hft.  1,  1S99 

* Pasqualr,  Zlcglcra  Beit.,  xii;  Bordet.  Ann.  A(>  I'lnst.  PnstMir,  1887;  Hrhott- 
miiller,  Mtimh.  nic-l,  Woch.,  xx,  lfl03;  Bi^tJt,  Jour.  Kxp.  Med.,  vi,  1905. 
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by  an  inexperienced  bacteriologist,  he  may  assume  for  some  time 
that  his  culture  has  been  contaminated.  These  swollen  individuals 
may  probably  be  interpreted  as  involution  fonns. 

Streptococci  are  easily  stained  by  the  usual  anilin  dyes.  Stained 
by  the  method  of  Gram,  the  pyogenic  streptococci  arc  not  decolorized 
and  invariably  retain  the  gentian-violet.  Certain  species  found  in 
stools  and  described  as  Gram-neirative,  are  rare  and  are  non- 
pathogenic. Others  of  the  "Streptococcus  brevis"  variety,  and 
purely  saprophytic,  may  stain  irregularly  by  the  Gram  method. 

Cultivation. — The  pyogenic  streptococci  are  easily  cultivated 
upon  all  the  richer  artificial  media.  While  meat  extract-pepton 
media  may  suffice  for  certain  strains,  it  is  usually  better  to  employ 
those  media  which  have  the  beef  or  veal  infusion  for  a  basis.  For 
the  cultivation  of  more  delicate  strains  of  streptococci,  especially 
when  taken  directly  from  the  animal  or  human  body,  it  is  well  to 
add  to  the  media  animal  albumin  in  the  form  of  whole  blood,  blood 
serum,  or  ascitic  or  pleural  transudates.  Glucose,  added  in  propor- 
tions of  one  to  two  per  cent,  likewise  renders  media  more  favorable 
for  streptococcus  cultivation.  Prolonged  cultivation  of  all  races  upon 
artificial  media  renders  them  less  fastidious  as  to  cultural  require- 
ments. The  most  favorable  reaction  of  media,  for  streptococcus  ciil- 
tivation  is  moderate  alkalinity  (two-tenths  to  five-tenths  per  cent 
alkalinity  to  phenolphthalein).  Growth  may  be  readily  obtained, 
however,  in  neutral  media  or  even  in  these  slightly  acid.  The 
optimum  temperature  for  growth  is  at  or  about  37.5°.  Above  43** 
to  45*  C,  development  ceases.  At  from  15**  to  20**  C,  growth,  while 
not  energetic,  still  takes  place,  an  important  point  in  the  diflferen- 
tiation  of  these  microorganisms  from  pnoumococci.  While  the  free 
access  of  oxygen  furnishes  the  most  suitable  environment  for  most 
races  of  streptococci,  complete  anaerobiosis  docs  not  prevent  develop- 
ment in  favorable  media.  Strictly  anaerobic  streptococci  have  been 
cultivated  from  the  human  intestinal  tract  by  Perrone*  and  others. 

In  alkalin  bouillon  at  37.5°  C,  pyogenic  streptococci  grow 
rapidly,  form  long  and  tortuous  chains,  and  have  a  tendency  to 
form  flakes  which  rapidly  sink  to  the  bottom.  Diffuse  clouding  occurs 
rarely  and  is  a  characteristic  rather  of  the  shorter  so-called  Strepto- 
coccus brevis.  When  sugar  has  been  added  to  the  broth  the  rapid 
formation  of  lactic  acid  soon  interferes  with  extensive  development. 

*Perrone.  Ann.  de  I'inrt.  Pasteur,  xix,  190S.  t 
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This  may  be  obviated,  oftpeoially  when  mass  cultures  are  desired, 
'ithout  sacrifice  of  tlic  growtli-ineriiiiaing  influfiR-c  of  the  glucose 
ly  adding  to  the  sugar-broth  one  per  cent  of  sterile  powdered  CaCO.* 
In  milk.  Streptococcus  pyogenes  grows  readily  with  the  forma- 
tion of  acid,  followed,  in  most  cases,  by  coagtilalion  of  the  medium. 
On  agar-plates  at  37.5*  C.^  growth  appears  within  eighteen  to 
twenty-four  hours.     The  colonies  are  small,  grayish,  and  delicately 
I^Opalescent.    They  are  round  with  smooth  or  verj'  slightly  corrugated 
lace-like  edges,  and  rise  from  the  surface  of  the  medium  in 
lar   arcs,  like  small    droplets   of  fluid,      ifieroseopically   they 
lear  ^naly  gi*anular  and  occasionally,  under  high  maguilication. 
lay  be  seen  to  be  composed  of  long  i»- 
f«tertwining  loops  of  streptococcus  chains, 
hich  form  the  lace-like  edges.     When 
;itic  fluid  or   blood  serum  lias   been 
idded  to  agar,  growth  is  more  energetic 
[•and   the   colonies  correspondingly   more 
rapid  in  appearance    and   luxuriant  in 
i^ievclopmenl.       In     glucose-ascitic-agur. 
I^ftcid  formation   from   the   sugar   causes 
coagulation  of  albumin  with  the  conso- 
[-'quent  formation  of  flaky  white  precipi- 
'tates  throughout  the  medium.'" 

In  gelatin  stab-cultures  growth  takes 
>lace   slowly,    appearing   after   twenty- 
tour    to    thirty-six    hours    as    a    very 
in    white    line,    or    as    disconnected 
'little    spheres    along    the    line    of    the    stab.      The    colonics    on 
latin  plates  arc  similar  in  form  to  those  on  agar,  but  are  usually 
{Ibiorc  opaque  and  more  distinctly  white.    The  gelatin  is  not  liquefied 
by  the  pyogenic  streptococci,  though  certain  of  the  more  saprophytic 
forms  may  occasionally  bring  about  slow  fluidification. 

On  Loefilcr*s  coagulated  blood  serum,  growth  is  rapid  and  luxuriant 
And  may  show  a  slight  tendency  to  confluence  if  the  medium  is  very 
moist.    Good  chain  formation  takes  place  on  this  medium. 
Upon  potatoes,  groAvth  is  said  not  to  take  place.'* 
On  media  containing  red  blood  cells,  most  pathogenic  streptococci 


Fio.  47. — firaEPTococcna  coiy- 

OMY  ON  SEUUU   AOAB. 


*BUs,  Jour.  Exp.  Med.,  vi,  1905. 

^  Lib  man,  Medical  Record,  Ivii,  1900. 

^FnMch  and  KoHCf  in  Fliiggc,  **Dio  Mikroorgajusmen, "  1891. 
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cause  hemolysis  and  decolomation.  It  is  useful  to  remember  this 
when  examining:  blood-culture  plates,  for  here  the  yellow  trauspafeut 
halo  of  liemolyHis  and  decolumatiou  surmunding  the  colonies  may 
aid  in  difTerenlialing  those  bacteria  from  pneumococei.  This  is  of 
especial  importarice,  since  many  streptococci,  when  cultivated 
directly  out  of  the  human  blood,  do  not  exliibit  chain  formation, 
but  appear  as  diplococei. 

In  the  inuliu-^erum  media  of  lliss,'^  streptooucci  dn  not  produce 
acid  and  coa^lation.  The  so-ealled  Slreptoeoceus  mucosus,  a  eap- 
sule-hearing,  inulin-ferraenting  microorganism,  is  very  probably  a 
sub-species  of  the  pneumococcua  (see  later  section).  A  very  im- 
portant differential  eharaeteriatic  of  the  streptococci  as  a  class  is 
the  fact  that  they  are  not  bile  soluble.  Tlim  distinguishes  them 
sharply  from  the  pneumococei.  The  test  is  carried  out  by  the 
method  of  XeutVId  described  in  the  chapter  on  pneumococei.  Ox 
bile  or  a  ten  per  cent  solution  of  tauroeholate  of  sodium  is  added 
to  a  young  broth  culture  in  proportions  of  one  part  of  bile  nr  taui'o- 
cholate  to  nine  parts  of  the  culture. 

Resistance. — Streptocoeei  on  the  ordinary  culture  me<lia.  without 
transplantation  and  kept  at  room  temperature,  usually  die  out  witldn 
ten  days  or  two  weeks.  They  may  be  kept  alive  for  much  longer 
periods  by  the  use  of  the  caleiuni-earbonate-glueose  bouillon,  if  the 
cultures  are  thoroughly  shaken  and  the  powdered  marble  thoroughly 
mixed  with  the  bouillon  from  time  to  time."  Preservation  at  low 
temperatures  (1°  to  2°  C),  in  the  ice  ehcst,  considerably  prolongs 
the  life  of  cultures.  Virulence  is  preserved  longest  by  fre(|uent 
transplantation  upon  albuminous  media.  In  sputum  or  aiumal 
excreta,  streptococci  may  remain  alive  for  several  weeks.  Strepto- 
cocci like  pneumococei  may  be  preserved  alive  and  with  virulence 
unchanged  by  drying  in  the  frozen  condition  by  the  method 
described  by  Swift,  and  referr<:d  to  on  page  456.  For  ordinary 
purposes  preservation  in  tubes  of  dvfibrinated  rabbitV  blood  in  the 
ice-chest  is  the  most  practical  method. 

Streptococci  are  killed  by  exposure  to  a  temperature  of  64'  C. 
for  ten  minutes.'*  Low  temperatures,  and  even  freezing,  do  not 
destroy  some  races. 


^  IJisa.  Jour.  Kxp.  M<xl.,  vi,  lOOS. 

*■  Www,  Uw.  fit. 

**Siembcrff,  <*TcxttK>ok  of  Bmi.,"  2iI  eit,  lOOli  i?«r(m«iiii,  Arch.  f.  Hyg,,  vH. 
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Th^  action  of  various  oliomieal  disinf^rtanlH  lias  iK^on  thorouy^ily 
investigated  by  v.  Linjfeishfim,'*  who  reports  amoii^  nlliers  the 
following  results:  Carbolie  acid  1  :2*K)  kills  strt^ptrn'oeci  in  fifteen 
minuter.  In  the  same  lime.  l>iehloride  »i1'  ni^Tcury  is  uftiricni  in  a 
dilution  of  1 :1,500,  IvkoI  in  a  diluti(Mi  nf  1  ."M),  ptToxidc  nf  liydrogen 
1:35,  KUlphinie  acid  1:150,  and  hydroehlorie  ueid  1:1J>().  Inhibition 
is  exerted  by  earbolie  acid  1 :550,  and  by  bichloride  of  mercury 
1:65,000.  Exposure  to  direut  sunlight  kills  streptococci  in  a  few 
hours. 

CLASSIFICATION   OP   STREPTOCOCCI 

Since  the  first  iliseovery  of  the  chain  forming  cocci  there  ha« 
»en  much  eonfusion  conecrning  tht>ir  clafwiification. 
The  frram-pofiitive  eocci  of  this  niotpholotrieal  gi'oup  Ant  widely 
tlistributcd  in  nature  and  vary  very  markedly  in  minor  cultural 
characteristics  and  virulence,  so  that  a  unification  of  the  group, 
as  it  has  l>een  possible  with  many  otlier  organisms,  has  been  prac- 
tically impossible.  The  earliest  observers  were  forced  to  abandon 
jtheir  separation  of  the  streptocoeei  of  erysipelas  from  other  strepto- 
cocci because  of  the  work  of  MarVmix"*  and  others,  who  produced 
erysipelas  in  rabbits  with  streptococci  from  non-erysipclatous  lesions, 
after  enhancement  of  their  virulence.  V,  Lingelsheim"  proposed  a 
lurely  morphological  difTerentiation  of  'Mongus'*  and  "bre^^s";  the 
former  class  including  the  streptococci  usually  found  in  pyogenic 
lesions  with  tendency  to  form  chains  of  six  or  more  links,  the  latter 
designating  the  short-chaincd  varieties,  including  the  less  virulent 
rtreplococcL  This  classifieation.  however,  is  not  tenable  beeauRO  of 
the  dependence  of  chain  formation  upon  r<'af*tion,  consistency,  and 
nutritive  qualities  of  the  media  cmploycii  for  r-nltivation,  and  upon 
the  infliience  of  animal  fluids  if  the  microorganisms  arc  taken  direct 
from  lesions.  Seliottmulh'r,**  in  1903,  proposed  a  elassification  based 
both  upon  morphology  and  the  appearance  of  eultun^  up<m  human 
blood  agar.    By  this  method  he  divided  streptococci  into  two  main 


"r.  Liftgetsheim.  ''Aetiol.  u.  Thcrap.  d.  Hireptoc.  Inf.,"  etc.,  Beit.  z.  Escper. 
Tberap.,  Hft.,  1,  18fi9. 

"  Marhaix,  loc.  cit, 

"v.  LingeUhfim,  "Aetiol.  u.  Therap.  d.  Streptolcok.  KrankK,"  etc.,  Berlin, 
1899. 

"  SchoiimuUer.  MUnch.  Died.  Woch^  1903. 
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gnops  M  folluWH:  I.  Streptoatceux  longus  or  haemolyticuSf  consisting 
of  the  mori*  virulent  varictits,  wiili  tendency  to  form  long  chains,  and 
producing  hemol>*siN  upon  blood  media.  II.  Streptococcus  mitior  or 
tiridanM,  inoludinK  lc^*w  virulent  slrains.  with  usually  shorter  chain- 
foriiiAtion,  and  produeitij^  drrceu,  nou-hcmolyzing  colonies  upon  blood 
nii^diA.  A  third  tcroup,  Streptocoaciui  mucosus,  will  receive  special  con- 
HicJcnitJon  in  a  Hrpurate  Mection,  and  is  probably  more  closely  related 
U*  thtr  pnounuK^occi. 

Another  nomenclature  ban  recently  been  suggested  by  Smith  and 
Hrown.**  Them*  workcrn  disapprove  of  the  use  of  the  name  "strep- 
tocoeeuN  viridaiM*'  for  the  Ichh  hemolytic  streptococci  because  many 
of  them  actually  procluce  little  or  no  green  color  on  blood  agar, 
and  all  of  th<'m  did  pro<luee  more  or  less  hemolysis.  They  deseribe 
Iwo  lypi'H  of  Htreptoeocei  with  reference  to  hemolysis,  calling  the 
U*m  hcnnjlytic  the  "Alpha"  type,  and  the  markedly  hemolytic  the 
"lietu**  type.  A  !hir<l  type,  'Hinmma, '*  produces  neither  discolora- 
tion nor  ht*molyNiN,    They  deacribe  them  as  follows: 

"^'UP^  Alpha, — Aa  ohwrveil  after  forty-oight  hours  incubation  the  change 
pru(lti(!(!il  may  !>«•  ttc^rribLu]  an  a  wmu<w)iul  greenish  dift'*oloi-ution  and  initial 
hcuiolyNiH  iiaiucrlinU*ly  Hiirrounding  tlic  culuny^  Uirminn  an  indeliuitely 
huimdt'cl  xnnf,  1  to  2  millimctcrit  in  fliaiuutci'f  and  Hurrounded  by  a  8ocoud 
nnrruw  dearer  and  not  diMvilori7.o<l  pArtially  heniolyzcd  zone. 

7'.VP*  /'efrt. — Slr«»ptococci  of  this  type  produce  hemolyzed  Eonos  on  horse 
bl<Hwl  ii«ur  plalcw,  rndicully  different  from  those  of  tlie  Alpha  lype.  They 
pnwhirp  ricnr  (rnmipniptit,  eonijiletely  liemolyzed  colorless  zones,  2  to  4  inilli- 
tn«t«r»  in  dinmeler  after  forty-eight  hours. 

Tufff  (fnmmn.—Hy  this  they  mean  Klreptococcns  strains  which  grow  within 
iirxl  iin  hUun]  ngni'  plnlt**  without  the  prodin'tioM  of  pert'ejitible  hemolysiw 
or  diHrotoriition.  Surh  mlrninK  nre  tho!«e  described  by  Mandelbauin  as  atref»- 
tococcUM  aajiruphyticuK  and  t'»rroKftond  lo  Bome  of  the  Rosenow  Ivim-b. 


* 


Smith  and  llrown*"  call  attention  to  the  great  care  which  is 
neeeawiry  in  regard  to  details  of  cultivation  for  observing  strep- 
tococci for  their  heniolytii'  juoperties  on  blood  plates.  Tlicy  eon- 
traijict  Ruedigor*s  assertion  that  the  formation  of  acid  in  such  plates 
may  give  rise  to  the  greenish  coloration.  There  is  no  ess<»ntial  dif- 
ference in  result  between  plates  made  of  dcfibrinated  horse,  rabbit 


"Smith  an<l  Brmcii,  Jour.  Me<1.  R«„  31,  1914,  4S5,  and  Monograph  of 
Inst..  No.  0,  Jnnuury,  1919. 
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or  hiiman  blood.  Meat  infusion  agar  is  more  favorable  tbaii  meat 
extract  agar.  The  must  favorable  aeidity  is  in  the  nfi^bborliood  of 
1  per  cent  acid  to  phenolphthalein.  The  presence  of  dextrose  in 
tlie  medium  produces  a  mark^^d  effect,  and  acid  hemolysis  may  result 
in  some  of  the  so-called  (lamma  types.  Very  small  amounts  of 
dextrose  in  blood  agar,  however,  may  lead  to  partial  or  complete 
inhibition  of  hemolysis  by  the  liemolytic  Heta  t>T)es.  The  reason 
that  the  Alpha  types  do  not  produce  green  /ones  in  sugar-free  media 
is  explained  by  Smith  and  Brown  as  depending  upon  Ibeir  scant 
growth  in  such  media.  I'nder  anaerobic  conditions  Alpha  strepto- 
cocci and  pneumoeocci  sinnilate  13eta  type  zones. 

This  broad  classification  into  the  hemolyticus  ann  viridaus  is  tlie 
practical  basis  on  which  bactenologists  at  the  present  time  deal 
with  the  classification  of  pathogenic  streptococci.  Since,  however, 
bacteria,  morphologically  and  often  culturally  indistinguishable 
from  those  responsible  for  disease  processes,  can  be  found  present 
on  mucous  membranes  of  the  mouth,  intestines,  etc..  in  many  normal 
persons  without  apparently  doing  the  slightest  harm,  a  great  deal 
of  effort  has  been  spent  in  attempts  to  discover  whether  cultural 
cbaraetei-isties  could  in  any  way  be  related  to  pathogenic  properties. 
This  has  led  to  a  great  many  investigations  on  the  classification  of 
various  strej)tococci  by  carl>ohydrate  fermentation.  Sueli  studies 
have  been  made  by  Gordon,'*  Houston."  Andrcwes  and  Horder," 
HroadhuT'st,'^  Winslow  and  Palmer,'*  Plopkins  and  Lang,"  and 
Holman.^* 

(lordon  found  ten  different  fermentation  reactions  among  twenty 
pyogenic  streptococci  examined^  and  forty-eight  different  fermenta- 
tion reactions  among  two  hundred  streptococci  isolated  fi-om  saliva. 
Other  work  by  Andrewes  and  Horder  and  by  Buerger^'  cnnfirms  the 
irregularity  of  the  fermentation  reactions  within  this  gi'oup. 


*•  Gordon,  Rep.  Me<l.  Off.  to  Local  Gov't  Bd„  Great  Britain,  1902-3,  32  p.  421; 
ibid;   U»03-4,  33,  p.  388. 

"J/m«<«ii,.Kt'p.  Med.  Off.  to  Local  Gov't  Bd.,  1903-4,  33,  p.  4T2. 

^Atidn^wcA  and  Harder,  Lancet,  2,  1006,  708. 

^Brmdhnrnt,  Jonr.  Infcf.  Dis.,  1912,  10,  272. 

"  Witialow  and  Palmer^  Jour.  Infec.  Dia.,  7,  1910,  1. 

'•^Hopkins  and  hang.  Jour.  Infec.  His.,   15,  1914,  63. 

"i/oimrtii,  Jour.  Med.  Bes.,  34,  1916,  377. 

"  A*>dretvr*  and  Jlordvr,  Lancet,  1906;  Huerffcr,  Jour.  iixp.  Me4.,  ix,  1907. 
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Andrewes  and  Horder  suggest  the  following  claasitication: 

(1)  StreptococciUf  pyogenes.  Grows  in  long  chains  and  ferments  lactosep 
sacchflroi^y  and  salitiin;  does  not  coagulate  milk.  Streptococci  which  cause 
suppurative  lesions  or  &ievei*e  systemic  infections  belong  to  this  group. 

(ii)  Hireptoct/ccuH  mili^.  A  saprophytic  type  found  frequently  in  the 
mouth  whii'h  shuwa  ilu'  siune  cultural  eharncteristics  as  tlio  btrcploetfccue 
pyogpnrs,  hut  grows  in  short  chains. 

(3)  Streptoeocnis  attfftnoftus.  Found  frequently  in  throats  of  84*ar!el-fever 
patienti*  whifh  dilTers  from  the  pyogenes  only  in  coagulating  milk. 

(4)  Streptocorr'tis  salirariujt.  A  sliort-chain  type  which  fermt-nts  lactose, 
saccharose,  and  raffinose,  and  coagulates  milk.  Streptococci  of  tliis  type  arri 
found  frequently  in  the  mouth,  but  are  rarely  pathogenic. 

(."i)  Streptococcwf  fecalis.  A  short-chain  type  which  ferments  lactose, 
saeeharose,  and  mannite.  This  type  is  found  normally  in  the  inieslinc,  and 
ifl  (Moaaionaily  pathogenic. 

(8)  Streptococcus  efjuiutm.  A  short-chain  type  which  does  not  ferment 
lactose.     Found  in  horse  dung  and  never  i>athogenic. 

Quaiititutivc  detcrmiiialioiuH  of  tlic  amount  of  acid  formed  in 
various  sugars  by  different  races  have  also  been  made  by  Winslow 
and  Palmer**'  and  others,  but  have  led  to  no  satisfactory  classi- 
ileatiuii. 

Studies  by  Hopkins  and  Lang  seem  to  show  that  the  streptococci 
found  in  most  human  infections  ?nay  be  differentiated  from  the 
ordinary  saprophytic  types  by  the  fact  that  they  ferment  lactose 
and  saliein,  but  fail  to  ferment  raffinose,  inulin,  or  raannite.  Accord- 
ing to  their  results,  the  usual  saprophytic  types  found  in  tlie  mouth 
either  fail  to  ferment  salicin  or  ferment  raflfinose  or  inulin,  whereas 
the  usual  feeal  types  ferment  mannite.  They  also  found  in  infection 
mannite  fermenters  which  were  apparently  of  fecal  origin.  Strep- 
tococci which  gave  the  same  fermentative  reaction  as  tlie  mouth 
saprophytes  were,  however,  frequently  found  iu  malignant  endo- 
carditis. 

Holman  combined,  or  tried  to  combine  clajwiflcation  by  the  Gor- 
don carbohydrate  fermentations  and  by  the  blood  agar  medium, 
and  somewhat  simplified  the  difficultiea  He  recognized  a  hemolytic 
and  a  non-hemolytic  gi*oup  under  ea<'h  of  which  he  classifies  eight 
fermentative  subgroups.  The  practical  importance  which  he  at- 
tachi^  to  his  investigations  is  that  streptococci  from  similar  Kources 

"Jour,  nf  Inf.  I>i«.,  No.  vili,  1910,  1. 
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Tery  often  fall  into  identical  (arroups.  lie  heliovM  that  by  his  method 
many  of  tlie  air  streptococcji  coiiid  be  traced  to  their  sources,  and 
that  similar  relation  between  Bouree  and  cnllural  characteristies 
could  be  found  for  streptococci  from  milk,  from  the  mouth,  from 
the  intestinal  tract,  and  from  animal  tissues.  He  concluded  that, 
indixndual  grroups  of  streptococci,  however,  wei^e  not  specific  in  their 
disease  production. 

Cultural  classification  beyond  the  diflferentiation  into  hcuiolyticus 
and  Tiridans.  therefore,  has  not  helped  a  gi*eat  deal  in  charactenxing 
the  streptococci  from  the  pathological  point  of  view.  It  has  been 
very  important,  therefore,  to  study  the  serological  relationHhips  of 
this  p'oup,  a  problem  which,  apart  from  its  importance  in  pure 
classification,  has  fundamental  bearing  upon  the  questions  of  diapmo- 
sis  and  serum  therapy.  The  earlier  work  of  Aronson.*"  Marmorck** 
and  otiiers  showed  that,  although  the  serum  produced  with  any  rnee 
of  pyogenic  streptococci  fiequently  exerted  considerable  agglutina- 
tive and  protective  action  against  other  strains,  those  relationships 
were  variable  and  tliat  antigenieally  the  group  was  probably  poly- 
valent. There  was  much  confusion  at  fii-st  conceriung  these  matters, 
but  there  has  never  been  much  doubt  alioul  tlie  fact  that  sera  pro- 
duced with  single  strains  or  with  only  a  few  could  not  be  relied 
upon  to  react  with  any  chance  strain  obtained  from  a  case.  It  waa 
not  until  quite  recently  that  more  light  has  been  shed  upon  this 
problem. 

In  order  to  deal  clearly  with  the  problem,  it  will  be  necessary  to 
consider  separately  the  virifhym  group  and  the  hemolytictts  group. 
The  antigenic  relationship  between  the  two  groups  has  been  studied 
by  Kinsella"  who  finds  that  there  is  no  absolutely  sharp  antigenic 
line  between  viridans  and  hemolyticns  strains,  but  that  sera  immune 
to  hemolytic  streptococci  were,  in  a  definitely  liuiited  way.  related 
to  non-hemolytic  antigens.  On  the  other  band,  sera  immune  to  non- 
hemolytic strains  gave  no  positive  reactiims  with  any  of  the 
hemolytic  antigens.  His  work,  however,  was  limited  in  the  numlK*r 
of  sera  used,  and  one  of  his  conclusions  was  that  the  hemolytic 
streptococci  are  probably  not  heterogeneous,  but  what  he  calls 
"unique."     Klnsella  and  Swift"'  also  attempted  to  classify  non- 


^Aron^on.  X>eui.  med.  Woch.,  29,  T903,  439. 

*  Marmnrek.  Herl.  klin.  Woch..  31,  19H2,  299. 

"  KiiijieUa,  Jour.   Rxper.  MciJ.,  28,   1918,  181. 

"  Kinwlta  avil  Nu'tft.  Jour,  Kxpttr.  Meil.,  28,  1918,  169. 
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hemolytic  streptocoeei  by  means  of  oompleiiuHit  fixation.  In  this 
work  they  used  a  number  of  sti'ains  and  a  large  number  of  organisms, 
and  found  that  the  gmup  was  very  hoterog:eneous.  They  developed 
in  their  work  an  interesting  theory  as  to  the  iuter-relationship  of 
these  heterologous  groups.  Tliis  is  not  sufficiently  well  founded  to 
permit  our  Roin^r  into  it.  It  is,  however,  certain  from  tlieir  work, 
and  from  that  of  others,  that  the  group  of  viridans  is  probably  as 
antigenically  heterologous  as  are  the  so-ealled  Type  IV  pneumocoeci*  i 
Wlien  we  turn  to  the  heniol>^ic  group  we  find  that  a  more  hopeful 
state  of  affaire  svems  to  be  developing.  There  seemed  to  be  from 
the  l>eginuing  a  eertaiii  amount  of  immunologieal  grouping  in  organ- 
isms of  this  typi'.  Haginsky  and  SoinmerfeUi'^  found  that  agghi- 
tiniiis  were  present  in  scarlet  fever  semui  which  seemed  to  he  specific 
for  other  strains  isolated  from  the  tliroats  of  searlet  fever  patients, 
and  this  observation  was  ronfirmed  by  Moscr  nnd  Von  Pirquet.** 
A  similar  apparent  sinularity  between  straijis  isolated  from  the 
biood  of  smallpox  eases  was  found  by  De  W'aele  and  Sugg.'* 
Neufeld"  suggested  that  there  was  a  relationship  between  agglu- 
tiuability  and  virulence.  Kinsella  and  Swift''  studying  this  problem 
in  1918  came  to  the  eonelusiou  that  with  eomplement  fixation 
methods,  at  least,  tlu'  hemolytie  variety  of  streptoeoceus  is  homo- 
geneous, consisting  of  members  that  are  almo.st  identical.  More 
recent  work,  however,  by  Doohez,  Avery  and  Laneefield"  seems  to 
have  shown  that  by  moans  of  agglutination  it  may  be  possible  to 
classify  the  hemolytie  streptocoeei  into  immunologieal  sub-groups. 
They  define  four  biological  lji>es  whi<?h  eheek  up  both  by  agglutina- 
tion reactions  and  by  protection  experiments.  They  encountered  at 
least  two  other  types,  and  indications  that  more  existed.  Their 
work  seems  well  founded  on  experimental  fact,  and  has  been  recently 
confirmed  to  this  extent  that  Bliss,  working  with  the  streptococci 
obtained  from  the  throats  of  searh^t  fever  eases  found  that  the 
organisms  from  such  sources  seemed  to  fall  into  u  .single  group. 
The  specificity  of  streptococci  has  also  been  recently  studied  by 


"Bagimky  and   Sommerftld,  B^rl.  klin.  Wooh.,  37,   1900,  588. 

**Moacr  ami   Von  P\rquft,  C*iit.  f.  Bnkl.,  I,  1903.  M.  .'ifiO. 

^  De  H'arle  and  Sugg,  Arrh.  Intemat.  pharm.  n  tbprap.,  12,  11*04,  205. 
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Tnnnicliff."  Sht*  has  ^ven  particular  attention  to  atworption  teMs, 
■nd  ha8  foiuid,  in  agrvciuvnt  with  Hliaa,  that  the  hemolytic  dtrep- 
toeooci  from  scarlet  fever  form  a  distinct  ^oup,  those  orgarusms 
removing  opsoniiiH  and  agglutinins  for  these  cocci,  whereas,  ery- 
sipelas cocci  have  no  such  effect.  With  scarlet  fever  streptococci 
in  a  sheep,  Tunnicliff  produced  a  serum  which  agglutinated  hemoly- 
tic streptococci  in  dilutions  of  1  to  2tX)0,  and  opsonized  them  in 
dilutions  of  1  to  360.  Shr  found  that  this  st-rum  proleiUed  mice 
against  thu  hemolytic  streptococci  isolated  from  scarlet  fever  pa- 
tients, but  not  from  crysipt'las,  mastoiditis  and  influenza.  This  pro- 
te*;tive  power  was  rapidly  lost  by  the  Hhecp  serum,  but  was  restored 
by  the  addition  of  normal  sheep  serum.  Her  further  work  indicates 
that,  like  the  scarlet  fever  cocci,  the  erysipelas  cocci  form  a  distinct 
group,  also. 

As  we  shall  sec»  the  difficulty  with  these  investigations  has  largely 
been  technical  in  that  the  spontaneous  agglutination  of  the  liemolytic 
streptococci  makes  it  wry  difficult  to  carry  out  reliable  agglutination 
work.  These  difficulties  will  be  alluded  to  in  connection  with  ag- 
glutination. 

Virulence  and  Pathogenicity. — Ditferent  races  of  pyogi>nic  strep- 
tococci show  considerable  variations  in  virulence,  and  there  are  few 
organisms,  pathogenic  i>olh  for  animals  and  man,  which  show  com- 
parable fluctuations  in  virulence.  The  character  or  severity  of  the 
lesion  in  man  gives  little  evidence  as  to  the  vinUence  of  the  organism 
for  animals.  Sueii  differences  are,  to  a  certain  extent,  dependent 
upon  inherent  individual  characteristics,  but  are  rather  more  likely 
to  be  the  consequences  of  previous  environment  or  habitat.  Pro- 
longed cultivation  upon  artificial  media  usually  results  in  the  reduc- 
tion of  the  virulence  of  a  sti-eptoeoccus,  wliile  an  originally  low  or 
reduced  virulence  may  often  be  much  enhanced  by  repeated  passage 
of  the  streptococci  through  animals.  It  is  noteworthy,  however, 
that  while  the  passage  of  a  streptococcus  through  rabbits  will  usually 
enhance  its  virulence  for  susceptible  animals  in  general,  repeated 
passages  through  mice  may  increase  the  vinilence  for  these  animals 
only,  even  occasionally  depressing  the  virulence  for  rabbits. 

Among  the  domestic  animals,  those  most  susceptible  to  experi- 
mental streptococcus  infection  are  white  mice  and  rabbits.  Guinea- 
pigs  and  rats  are  less  easily  infected,  and  the  larger  domestic  animals. 


■•  TunnicUff,  Jour,  of  the  A.  M.  A.,  75,  1920,  1339. 
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cattle,  horseB,  goats,  cats,  and  tlogH,  are  relatively  refractory.  Al- 
most complete  immunity  toward  streptococcus  infections  prevails 
umonf?  birds. 

Tiie  nature  of  the  lesions  following  experimental  animal  inocula- 
tion  depends  upon  the  manner  of  inocidation.  the  size  of  the  dose 
given,  and  most  of  all  ii|)On  the  grade  of  viruh*nee  of  the  inoculated 
germ.  Subcutaneous  inoculations,  aceurding  to  the  virulence  of  the 
inoculated  material*  may  result  in  a  simple  localized  abscess,  diflfcr- 
ing  from  a  staphylo<HH*eus  absross  only  in  the  more  serous  nature 
of  the  exudate  and  the  frequent  occurrem^e  of  <dema,  or  in  u  severe 
general  septicemia  with  a  hardly  noticeable  local  lesion.  Subcu- 
taneous inoculation  of  miee  may  residt  in  general  sepsis  followed 
by  death  within  thirty-six  to  forty-eight  houi-s,  or  less,  with  the 
presence  of  streptococci  in  the  heart's  blood  and  the  viscera.  Intra- 
pleural or  intraperitoneal  inoeulntion  of  susceptible  animals  witl( 
virulent  streptococci  leads  usually  to  a  peculiarly  hemorrhaKic  form 
of  exudate,  due  both  to  the  diapedcsis  caused  by  the  violent  intiam- 
matory  process,  and  to  the  hemolysis  of  the  red  cells  by  the  strepto- 
coccic hemolysins.  Inoculation  of  rabbits  at  the  base  of  the  ear 
with  virulent  streptococei  may  result  in  the  formation  of  a  lesion 
indistingius liable  histologically  from  erysipelas  in  man."  Marbaix*' 
has  shown  that  sucb  erysipeloid  lesions  could  be  produced  in  rabbits 
by  streptococci  from  varioiis  and  indifFerent  sources,  provided  that 
the  virulence  ot  each  strain  could  be  sufficiently  enhanced. 

Intravenous  inoculatitm  of  rabbits  with  virulent  cultures  usually 
results  in  a  rapidly  fatal  septicemia.  An  animal  which  has  died  of 
a  streptococcus  infection  usually  shows  serosanguineous  edeiari  about 
the  point  of  ino<-ulntion,  multiple  hemorrhagic  spots  upon  the  serous 
membranes,  and  con^'eslion  of  the  viscera.  The  microorganisms  can 
almost  invariably  be  found  in  the  heart's  blood,  in  the  spleen,  and 
in  the  exudate  al>out  the  inoeulated  area.  Microscopically,  when 
the  process  has  lasted  suilicicntly  long,  parenchymatous  degeiieration 
of  all  the  organs  may  be  observed.  In  the  more  chronic  infections 
articular  and  periarticular  lesions  may  occur. ♦^ 

Spontaneous  stnptoeoccus  disejise  seems  to  occur  among  some 
of  the  larger  domestic  animals. 
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Thus,  in  horses,  inu!i-s  and  donkeys,  thei-e  is  an  aeutc  eontoj^ious 
^disease  of  the  upper  air  passages,  colloquially  known  as  '^stmnfjles" 
(in  German,  Druse)  due  to  the  sln'pt«>co<!cu»  oquinws,  a  non-hemolyR- 
[ing,  salicin  fermenting  strain.  The  etiologirnl  signiticanee  of  this 
[organism  vas  first  reeogidzed  by  Sehutz**  and  has  hem  sul»8t(iui.'ntly 
iConfirmed  The  disease  attaeks  ohiefly  young  animals,  is  charac- 
terized by  fever  and  general  systemic  depression,  with  subsequently 
an  acute  catarrli  of  the  nasal  and  pharyngeal  miicosa.  with  local 
(glandular  swelling.  Often  the  submaxillary  gland  may  be  involved, 
land  pneumonia  may  ensue.  In  cattle,  streptococci  are  most  fre- 
iqucntly  associated  with  the  inflammations  of  the  udders.  Strepto- 
[*oecus  mastitis  niay  seriously  effect  the  finality  and  quantity  of  the 
llbilk,  and  p*'rhaps  has  very  definite  relationship  to  disease  in  luunan 
■beings,  a  matter  to  which  we  will  refer  in  a  suljsequent  paragi'aph. 
[Occasionally,  post-partum  uterine  inflammation  in  cows  may  be  caused 
|1)y  streptococci. 

In  chickens  there  occui's  a  form  ot  septicemia  ca\ised  by  a 
iBtrcptococeus  which  is  desenbed  by  Moore"  as  being  an  anaerobe 
rhich  does  not  liquefy  gelatine,  does  not  coagulate  milk,  forms 
Jacid  in  alkalin  broth  and  grows  in  flaky  masses  like  a  streptococcus 
Ihemolyticus  in  broth  cultures.  Moore  does  not  state  whether  it 
►roduees  hemolysis  or  not.  The  disease  has  a  sudden  onset,  and  is 
fusually  fatal.  It  is  apparently  transmitted  from  chicken  to  chicken. 
Among  the  smaller  laboratory  animals,  oceasional  streptococcus 
infections  may  be  observed  in  rabbits.  Recently  an  epidemic  disease 
among  white  mice  due  to  streptoeoccns  was  studied  by  Kutscher.*' 
As  a  rule,  however,  streptococcus  disease  is  by  far  more  rare  among 
animals  than  it  is  among  human  iK'ings. 

STREPTOcoccts  INFECTIONS  IN  Mak. — lu  man,  a  large  variety  of 
pathological  processes  may  be  caused  by  streptococci  and  here 
again  the  nature  of  the  infection,  whether  definitely  localized  or 
generally  distributed,  depends  upon  the  relationship  existing  be- 
tween the  virulence  of  the  incitant  and  the  resistance  of  the  subject- 
Superficial  cutaneous  infections  are  frequently  caused  by  strep- 
tococci and  these  in  the  milder  cases  may  be  similar  to  the  localized 
abscesses  caused  by  stapliylococcL     In  severe  cases,  however,  infec- 
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tion  is  followed  by  rapidly  spreading  edema,  lymphangitis,  and 
severe  systemic  manifestations  with  the  development  of  a  grave 
cellulitis,  often  threatening  life  and  requiring  energetic  surgical 
interference. 

The  particular  signiHeance  of  streptococci  in  surgically  infected 
wounds  and  thr  ciTrcl  of  Ihoir  presence  upon  therapeutic  i)rocedure8 
is  considered  in  another  section  dealijig  with  the  bacteriology  of 
infected  woiuids. 

t^uppuratious  of  Iwne  may  b**  caused  by  stceptoeocci,  and  con- 
stitute a  severe  form  of  osteomyelitis.  Such  lesions  when  occurnug 
in  the  mastoid  bone  are  not  infrequently  secondary  to  streptococcus 
otitis  and  may  lead  to  a  form  of  meningitis  which  is  in  most  cases 
fatal. 

Streptococcus  meningitis  fortunately  does  not  occur  very  often, 
but  when  it  does  occur  is  usually  fatal.  Most  cases  are  probably 
secondary  to  such  lesions  as  otitis  and  mastoiditis  mentioned  above, 
but  occasionally  pi-imary  streptococcus  meningitis  may  occur  in  the 
course  of  bronchopneumonia.  We  have  seen  a  number  of  cases 
in  which  streptococci  were  associated  in  the  spinal  fluid  with  in- 
flmaiza  bai^illi. 

As  mentioned  above,  erysipelas  is  a  streptococcus  hemolyticus 
disease.  It  was  first  isolated  from  such  lesions  by  Fehleisen"  who 
believed  that  the  organism  obtained  by  him  was  a  particular  variety, 
specifie  in  er>'sipelas.  He  named  it,  for  this  reason,  streptococcus 
erysipolatis.  Subsequently,  however,  it  was  shown  by  Marbaix*^ 
and  Petruschky*"  and  otliers  that  erysipelas-like  lesions  could  be 
produced  in  animals  with  streptococci  from  many  other  sources. 
The  production  of  the  peculiar  erysipelas  lesion  seems  to  depend, 
on  the  one  hand  upon  the  relative  virulence  of  the  strain  and  upon 
the  infection  of  the  lymphatics  of  the  skin.  The  streptococci  in  tiiis 
disease  are,  according  to  Maerallum,**  located  in  the  ereviecs  of 
the  tissues  and  the  lymph  ehannrls  of  the  skin.  A  peculiarity  is 
that,  unlike  streptococcus  lesions  in  other  places,  in  this  disease  the 
inflammatory  exudate  consists  very  largely  by  mononuclear  cells. 
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This  disease  is  particularly  dangerous  m  infants  in  whom  it  may 
spread  over  the  entire  nurfaee  of  the  hody. 

It  was  formerly  supposed  that  a  number  of  different  forms  of 
aeute  enteritiH  might  be  due  to  streptococei,  but  this  has  never  been 
positively  demonstrated,  and  is  doubtful.  However,  atreptocoeeus 
infcetions  of  tht*  walls  of  the  intestines  hy  passage  into  the  sub- 
mueosa  may  occasionally  oecnr. 

The  inflammation  whieli  is  known  as  Lud>«ng's  angina  is  usually 
of  a  streptoeoceus  hiniolytieus  nature.  In  this  condition  the  origin 
is  usually  from  a  foeus  in  the  teeth,  tonsils  or  pharynx,  or  perhaps 
'a  peritonsular  alwecss,  and  eonsists  of  a  violent,  acute  infiammuticju 
of  the  areolar  tissues  of  the  submaxillary  region  of  the  neck. 

Superficially,  infections  through  the  skin,  through  abrasions  and 
injuries  are  among  the  most  frequent  and  dangerous  infections 
caused  by  the  hemolytic  streptoeoocus.  These  are  particularly  fre- 
quent among  sin^goous  and  pathologists,  and  their  course  and  out- 
come is  delermin(.'d  entirely  by  the  relaliotiship  between  virulence 
of  the  strain  and  resistance  of  the  individual.  Given  a  sufficiently 
virulent  strain,  a  very  minute  abrasion  or  injury  with  the  inoeula- 
lion  of  a  small  qimntity  of  the  organisms  only,  may  suffice  to  result 
in  a  rapid  an<l  fatal  infection.  We  know  of  one  antopsy  infection 
in  which  a  minute  pin  prick  through  a  ruhl)er  glove,  hardly  visible 
to  the  eye,  resulted,  within  twelve  houi*s,  in  high  fever,  and  within 
twenty-four  hours,  in  deliriuin  with  little  red  lymphatic  lines  run- 
ning up  the  arm  from  the  source  of  the  lesion.  In  such  cases,  the 
local  lesion  may  look  relatively  innocent,  since,  with  sufficient 
virulence,  the  point  of  inocmlation  may  show  nothing  more  than  a 
small  red  swelling  which  is  soggy  and  edematous  and  looks  quite 
different  from  the  slower  processes,  with  central  abscess  formation, 
caused  by  the  less  virulent  streptococci  and  staphylococci. 

Puerperal  sepsis  is  one  of  the  most  dangerous  of  the  infections 
caused  hy  the  hemolytic  streptococci,  but  with  the  advent  of  more 
J)erfect  obstetrical  methods,  this  grave  infection  of  the  uterus  is 
becoming  more  and  more  rare. 

From  all  of  the  streptococcus  lesions  a  general  infection  of  the 
blood  stream  may  arise,  if  the  infection  proceeds  with  sufficient 
virulence.  Although  Ixith  the  \*iridans  and  the  hemolyticus  strains 
may  be  ro'^ponsible  for  such  septicemic  conditions,  the  most  fre- 
quent and  dangerous  ones  are  those  caused  by  the  hemolyticus. 
"We  will  devote  a  separate  paragraph  to  a  description  of  the  viridans 
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Nrplkomfn  iiocoiDpanyinK  endocarditut.  liemolyticuB  septici'uiia, 
noeoiidury  lo  wouud  infection,  puerperal  seplicemia  or  other  lesions, 
Atv  uxiinlly  liiUiutcd  hy  Ki'avt*  syniptoius  of  fever,  eliill  and  general 
cWpri'MMioii,  und  the  orKaninmH  can  be  isolated  in  blood  cultures 
Uiki*n  In  OKur  plutos  or  In  hormone  broth.  It  is  an  important 
!ldr»K  lo  r*Mu*nibi.'r'  thai  in  all  of  those  scpliecmias  tlie  presence  of 
IIh'  itiKiinliirnN  in  the  bI<Mnl  may  not  Htgnit'y  that  they  are  actually 
niultl|ilyiiiK  in  thi>  bUiod.  It  iH.  in  our  opinion,  more  likely  that 
I  In*  oruiiiiUiiin  at  MinI  niinply  »nler  tlie  l)lood  stream  from  the  lesion, 
and  ani  d*"Nlroyed  in  the  einMiUtton.  If,  during  this  period^  tlie 
foiMia  ran  lict  wuruieally  cleaned  out,  rapid  recovery  may  follow. 
We  have  Mi'iti  erm^M.  in  wlii<*li  the  surgical  lesion  was  aceoBsihte  to 
fDCuver  promptly  after  operation,  although  blood  cultures  taken 
Mavif  had  nIuiwh  numormis  organisius  in  the  blood  stream.  In 
vrfvn  (b>a<(  of  mlieploeoeoeeus  scpliecmia,  the  organisms  may  be  cul- 
tlvntod  fi-ohi  all  the  organs  and  frutn  the  heart's  blood. 

In  deiillng  with  iither  Htre])tococeua  lesions  in  man,  it  will  be 
iwinvonliMit  for  un  to  dilferentiatc  sharply  between  those  caused  by 
ihn  lininolytlenN  iind  (hime  due  to  the  viridans  strains.  Since  normal 
human  lielngn  hnrhtn*  hemolylio  atreptocoeci  in  the  mouth  and 
pharynx  In  a  Inrtf*^  pen'ontage  of  individuals  cNamined,  it  is  natural 
thni  infliiniinalionN  ol'  the  upper  respiratory  tract  should  frequently 
he  due  to  Mtreplocueel.  TliUM,  tlio  hemolytic  streptococci  are  fre- 
ipirntly  (he  eaUNallvi-  ageidM  in  |)hKryngitis,  and  are  often  associated 
wit  It  Ihn  rnoni  Ncvtre  rurms  of  follicular  toiisilitis.  Some  of  the&e 
litnnlllar  Infei-Uonn  muy  he  aeeompanied  by  high  fever,  and  severe 
lUniMM.  ami  the  local  inflammaliou  may  Ih?  so  severe  that  it  cannot 
he  eltnieally  dlirermtiated.  with  certainty,  from  diphtheria.  From 
fiueh  ihroMt  Inl'eellonH.  wcpth'cnda  d(»eH  not  often  follow,  but  oeca- 
itlonally  Nnvoro  nvnmalined  Infections  may  ensue.  MaeCallum 
ilrHerlbeM  till'  eiiH4'  of  a  phyileinn,  one  of  tnir  colleagues,  wlio  had 
repented  ntlneUH  of  throat  infection  caused  by  streptococci.  In  one 
of  tlirwe  he  devehiped  glands  of  the  throat  which  were  incised  and 
Ktr»'ptoeoecnM  pUN  wjiH  found.  A  year  later  there  was  a  sudden 
recurrence  with  a  raphlly  developing  general  septicemia,  and  a 
nearlalinlfonii  raah.  He  dii>d  M-ithiti  a  few  days.  In  connection 
wllh  thU,  It  \n  inlereMing  to  note  that  wr  have  seen  three  or  four 
eaucH  whbh  Occurred  among  soldiers  in  France  who.  in  the  course 
of  wwitre  Mtreptneneeuii  throat  infections  developed  rashes  llmt  were 
dlflleull  t«t  dislingiUMh  from  thoae  of  scarlet  fever.    Just  what  the 
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explanation  o£  these  eruptions  is,  \vu  cannot  say.  Thvy  occui'  in 
fatal  septicemias  of  many  varieties,  but  are  particularly  associated 
with  fatal  streptococcus  infection. 

In  scarlet  fever,  licmolytie  atreploeocci  are  invariably  found 
associated  with  and  probably  tl»e  causative  agents  of  the  severe 
angina  that  regularly  accompanies  tliis  disease.  This  was  observed 
by  Locfller  in  lJ>8-i,  and  has  been  confirmed,  since  tlien.  by  many 
observers.  The  regularity  of  these  findings  has  been  such  that  it 
lias  led  to  the  assumption  tliat  the  hemolytic  streptococci  might  be 
etiologically  related  to  scarlet  fever  ilsi'lf.  Tliis  is  a  probb'm  which 
has  been  much  discasscd,  but  cannot  be  thoroughly  gone  into  with- 
out an  extensive  review  of  the  literature.  "We  may  say  that  the 
general  weight  of  evidence  is  at  the  present  time  distinctly  against 
such  an  assumption,  tind  that  it  is  most  likely  tliat  the  slreploeocci 
in  scarlet  fever  are  the  most  regi:iar  and  severe  secondary  invaders. 
Yet»  it  must  be  admitted  that  no  conclusive  denial  of  the  possibility 
can  be  made  on  the  basis  of  experimental  evidence.  The  hemolytic 
streptococci  not  infrequently  invade  the  blood  stream  of  scarlet 
fever  patients  in  the  course  of  the  disease.  Baginsky  and  Sommer- 
feld"^**  found  them  in  the  blood  ut  autopsy,  and  Anthony""  and  others 
have  confinned  this.  Anthony  found  them  in  the  heart's  blood  of 
ten  out  of  eighteen  autopsies.  An  important  fact  fii'st  noted  by 
Moser  and  Von  Pirquet"  is  tlie  apparent  antigeidc  identity  of  strains 
of  hemolytic  streptococci  isolated  from  different  cases  of  scarlet 
fever.  Bliss  has  recently  confirmed  this  by  the  newer  and  more 
reliable  methods  of  agglutination  developed  by  Dochez  and  Avery." 

In  diphtheria  and  in  smallpox  the  hemolytic  streptococci  are 
frequently  found  as  secondary  invaders.  Gay,°*  who  has  carefully 
analyzed  the  literature  on  streptococcus  infection,  cites  a  number 
of  observers  who  have  found  the  organisms  in  the  blood  streams 
of  fatal  cases  of  smallpox,  and  in  some  of  those  that  recovered. 

It  lias  long  been  known  that  the  dangerous  bitjuchopneumonias 
which  occur  in  the  course  of  measles  and  influen/.a  may  be  of  strep- 
tococcus oiigin.    Eyre"  has  made  particular  studies  of  this  condition 


"Bagiiigk^  and  Sommerfeld,  BerL  klin.  Woch.,  27,   1900. 
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"Mwer  anJ   Vou  Pinjuet,  Zeit.  f.  Bakt.,  34,  1»03,  560  ami  714. 

**Dochfe  and  Avcrp,  luiM  Loneefifld.  Journ.  Exp.  M^d.,  vol.  .10,  1919,  p.  179. 
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Ui  ^uiU'iKA  |roi>fftoytt*<iMwiii^,  and  for  both  measles  and  inflaenza 
^^  <iMft(HMt  Imm»  bven  Kathereil  during  the  iate  war.    It  appears 

^1^  \^\ix  tH^SjwUvtft       '      '^  u  uxtt,  as  well  as  perhaps  some  other  mild 
^ftvIioviH  *>(  the  ospiratory  tract,   render  the  individual 

|,.  i:*W  HUftweptiWe  to  seeondary  Infection.    Under  conditions 

awk^'ii  «*  i'  ■     ^^**^  camps  during  the  war,  these  strep- 

UiuiM(*viwi   '  \ii^   may   bceomi*   epidemic,   probably   by 

rt^Jio^l  ^  th^*  ltru\*rHliied  interchange  of  mouth  organisms  among 
nil  '   iudiviihuds  crowded  together  under  camp  conditions. 

K^ :;  ..  -  iv^K^iMilly,  it  irt  of  interest  to  note  that  under  these  condi- 
ItuMH  thi*  *^rrler  rate  of  hemolj-tic  streptococci  reaches  high  per- 
t>viilti|h^  iniUH  ami  Murine,**  at  Camp  Custer,  found  70  per  cent 
ol'  \\w  lutlU'Ulual^  exuiuined  to  be  carriers  of  these  organisms,  and 
l^^vy  aiul  Alexander*'  in  certain  repments  found  89  per  cent  to  be 
**arrlerH.  Oivrn,  at  the  same  time,  extensive  outbreaks  of  measles 
Nit\|  lulbn'uxn,  th<'  conditions  for  widespread  secondary  streptococcus 
pliounioithiH  are  ofttahlished.  It  is  not  impossdhle  that  widespread 
ufti'd  Infection  may  occur,  in  that  patients  who  enter  hospitals  witli 
mertHlcH  »n*t  infl\ien7.a.  even  without  being  cari-icrs  of  hemolytic 
ntivpli»ciM»ei.  may  pick  them  up  in  the  hospitals  from  adjacent  beds, 
from  thii'tor*  or  from  nuraea,  possibilities  which  indicate  the  great 
ImportHMce  of  proin]»l  removal  of  easvs  developing  pneumonias  from 
nivuNh^M  and  inrtu<'nsta  wards,  the  careful  hygiene  of  the  months 
and  Throats  of  such  eases,  iaoh'-.tion  of  beds  by  screening,  and  the 
woiu'iiig  of  masks  by  doctors  and  nurses,  not  so  much  for  their  o^vn 
proloetion  as  fi>r  tl»nt  of  the  anseeptible  patient.  MaeCallum,  Cole 
and  DocIu'k"*  made  careful  studies  of  the  streptococcus  pneumonias 
ort'urring  at  sorn<'  o(  the  camps.  The  pathological  facts  resulting 
from  this  study  are  reported  by  MaeCallum  in  t]u-  10th  ^lonograph 
of  the  Rockefeller  Institute,  issued  in  1919.  According  to  him,  the 
Htt'cptoeocci  seem  to  extend  downward  into  the  smaller  bronchioh^s, 
giving  rise  to  intensive  inflammations  in  the  air  passages,  Ihon  ex- 
tending Into  the  network  of  lymphatics  surrounding  the  bronchioles 
atul  the  pleura.  There  was  a  rapid  production  of  pleurisy  and 
finpyenia,  with  hemorrhage  about  the  bronchiol'  s  and  a  very  curious 
infiltration  of  the  alveolar  walls  themselves  with  hucocytea  chiefly 
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of  the  mono-nuclear  variety.  The  appearance  of  these  processes, 
according  to  MacCallum,  is  quite  diftVrenl  iioui  that  seen  in  the 
ordinary  forms  of  bronchopneumonia. 


EPIDEMIC  SORE  THROAT  DUE  TO  MILK  INFECTION 


Sore  throat  epidemics  traceable  to  milk  have  been  observed  in 
England  since  1875.  The  onset  of  these  cases  is  usually  accompanied 
by  sudden  chilliness,  with  muscular  soreness,  headache  and  nausea. 
The  casCK  are  strikingly  similar  to  the  milder  forms  of  influenza. 
The  firat  carefully  observed  epidemic  in  this  country  occurred  in 
Boston  in  1911.  and  was  epidcmiologically  studied  by  Winslow." 
There  were  48  fatal  cases  in  the  Boston  epidemic.  Since  that  time 
a  number  of  similar  epidemics  have  been  described,  one  of  the  most 
extensive  being  that  which  took  place  in  Chicago  in  1911  and  was 
studied  by  Capps  and  Miller,***  and  by  Davis  and  Roscnow/^  In 
the  Chicago  epidemic  there  were  10,000  cases,  hardly  any  of  which 
came  from  the  west  side  of  the  city.  The  relationship  to  the  milk 
supply  w^as  carefully  studied.  Of  622  cases  investigated,  87  per  cent 
or  537  used  milk  from  a  certain  dairy,  and  79  per  cent  of  the  fatal 
cases  used  the  same  milk.  People  taking  milk  from  tliis  dairy  were 
fourteen  times  more  numerous  than  those  gr*tting  it  from  other 
sources.  Of  153  nurses  in  a  certain  hospital  using  the  milk,  80  per 
cent  got  the  disease,  while  of  721  in  other  hospitals,  only  4.8  per  cent 
came  down.  There  was  a  coincident  epidemic  of  sore  throats  among 
the  employers  of  the  dairy  where  bovine  mastitis  was  found  in  the 
cow^s.  In  fact,  almost  5  per  cent  of  the  cows  of  this  dairy  had 
mastitis,  and  streptococci  were  isolated  from  the  milk  of  a  cow 
and  from  the  throat  of  a  girl  on  the  same  farm.  Davis  and  Roseuow 
describe  the  organisms  isolated  from  these  cases.  In  all  of  them 
they  found  a  streptococcus  which  produced  large  colonies  on  blood 
agar,  larger  than  the  ordinary  liemolytic  organisms.  There  was 
moderate  hemolysis,  and  the  organism  was  virulent  for  guinea  pigs, 
mice  and  rabbits.  Capsules  were  developed  on  animal  passage. 
They  believed  their  organism,  which  they  called  streptococcus  epi- 
demicuSf  to  bo  a  distinct  species.     However,  Davis,  in  a  subsequent 
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10  Olfftuism    to   be    indistin^ishablc    from   other 

VtHUUH^  iNrccTiONS. — TW  non-hemolj-tic  or  so-called  green 
^\  .  .  '  '  m'vl  «i'v,  HH  xtulrd  ttlwv*.  more  likely  to  bo  assoeiated  with 
^>.  »ovv^'^^  muvI  K«l*ainito  Uvhioiih.     These  organisms  are  usually 

\%«4tMkU'««  iMV>i»vhyU^ 

'iMnvv  an'  rtfwvH*lnl\'d  fri'qut*utly  wilh  todth  ubsce.ssi'.s,  xtiay  be 
^%lHMN'iit  U\  mUlilW«  ONI*  illMt^iiitr  Kud  infections  of  the  accessory  sinuses 
ijkt  tW»  ""'••''  *^*^^'y  ••*<*  »^»^  infrequently  found  in  the  tonsillar  crypts 
kiiil  bttv»»  lnM-n  kni^wn  \\\  rmiHc  luild  forms  of  tonsillitis. 

'l^lui  vdidMUH  1h  fr»H|uently  iiMNoriated  \\ith  subacute  vegetative 

viultH*«i^iHU      lu  ttueh   CAitt*M   th(<  organisms   cause  relatively   firm 

\  <IIy  tin  thn  mitral,  but  sometimes  also  on  the  aortic 

^1  iKHMiHioimlly  iilong  the  walls  of  the  auricle.     The 

f#i  tf«HUt>»*^  *'Hn  U<  readily  cultivated  from  the  blood  stream  whoro 

\  tnrtih  fill*  weeUs  and  months.     Often,  in  such  cases  the 

I  '    tht>   (Mitiont   is  inutKually   high   for  a  long  time,   the 

bifet^lMcU  |«'«halily  being  diMpowod  of  in  the  blood  stream,  but  are 

)t«HiM<d   elUn'i'  con»»tanlly   *U'   intermittently   into   the   blood   stream 

fvoiu  Uu'  bilVelnd  \«lveH.     I)i*atti  may  ensue  after  weeks  or  months. 

liONlK  UnUiilly  fiilUiWN  by  a  gradual  wearing  down  of  the  patient's 

rv«i«(MMef      t'erebral  or  renal  euiliolism  may  occur,  and  joint  con- 

iiUbMiN  \\u\\  develop  seeoiwlarily. 

It  IwiN  bwMi  Nuggtvitcd  that  the  frequent  association  of  rhenynatism 
4mtl  riin^Mi*'  hnwns  may  l»e  dtic  to  the  fact  that  the  green  streptococci 
|tiV  ie«ponalble  for  both  eomlitioim.  An  enormous  amount  of  rather 
ftuu^mltiii  work  ban  l>ocn  doite  upon  the  etiology  of  rheumatism 
liom  IhU  point  of  view.  It  ia  a  fact  that  many  coccus  inf(*etions. 
And,  fill'  (hat  umtter,  otb<'r  forms  of  general  infection,  may  lead 
\m  «eotiinlMry  Joint  lesioits  in  both  animals  and  man.  Poynton  and 
|*Mlnr""  In  I 'MM*  tieseribed  a  diploeoccua  not  ver>'  dissimilar  from 
^trUUim  Hlruhm  which  they  obtained  from  eight  cases  of  acute  rheu- 
IkiHtte  fever,  and  with  which  they  claimed  that  they  could  produce 
livbina  In  rahbitN  wbic'b  they  considered  typical  of  rheumatism. 
Tbr  nriranlNin  wan  recovered  from  the  blood  and  pericardial  fluids 
»if  lUelr  pfitlentK.  They  dcseribc  them  as  minute  diploeocei,  grown 
h<*iit  In  Bcld  Hutdia  under  anaerobic  conditions,  but  capable  of  growth 
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the  surface  of  ordinary  media.  Recently,  Rosenow**  reported 
the  isolation  of  strcptoouceas  viridans  from  the  joints  of  seven  cases 
of  articular  rheumatisni.  He  also  claimed  that  he  could  produce 
non-Huppurative  artliritis,  endocarditis  and  p«»rifarditis  in  rabbits 
with  ihise  cultures.  He  described  the  organisms  as  intermediate 
in  character  between  the  ordinary  viridans  and  the  hemolyticus. 
These  claims  have  led  to  a  grt-at  deal  of  subsequent  experimentation 
and  speculation.  There  is  no  ciuestion  about  the  fact  that  viridans 
strains  haA'e  often  been  isolated  from  eases  of  rheumatism,  but  it 
is  not  unlikely  that  equal  earo  in  similar  attempts  would  have 
succeeded  in  isolating  these  ubiquitous  organisms  from  many  other 
groups  of  disease.  Swift  and  Kinsella'"  have  made  a  particularly 
careful  study  of  this  problem,  and,  though  working  with  great  care 
and  experience,  obtained  the  viridans  from  only  8.3  per  cent  of 
58  eases.  In  no  ease  did  they  obtain  the  orffanisms  from  the  joints 
themselves,  and  we  ourselves  can  attest  to  the  fact  that  the  large 
majority  of  direct  cultures  taken  from  rheumatic  joints  prove  quite 
sterile.  While,  therefore,  the  rtile  of  the  viridans  in  endocarditis 
is  clear,  its  relationship  to  rheumatic  fever  is  entirely  unproven  at 
the  present  writing. 

The  same  uncertainly  exists  concerning  its  association  with  an- 
other disease  which  is  frequently  classified  with  the  two  diseases 
mentioned,  namely,  chorea.  A  number  of  writers,  notably  Quigley," 
have  found  the  viridans  in  the  blood  of  chorea  cases,  but  nothing 
more  definite  than  tliis  has  been  noted. 

Rosenow,'*^  too,  has  recently  claimed  that  there  was  an  associa- 
tion between  viridans-like  streptococci  and  poliomyelitis.  In  the 
special  section  on  poliomyelitis  in  this  book  we  "will  deal  with  the 
globoid  or  coccoid  lK)dies  isolated  by  Flexner  and  Noguchi."  Some 
two  or  three  years  after  these  observations  were  made,  Roseuow 
and  Towne,**  as  well  as  Mathers,"  reported  that  they  had  found 
streptocoeci  of  the  viridans  gi'oup  in  the  central  nervous  system  of 
cases  of  poHomytlitia.     Rosenow  and  Wheeler"  grew  these  cocci 
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under  anaerobic  conditions,  and  found  that  minute  forms  developed, 
small  enougli  to  be  filtered,  and  they  believed  that  it  was  thesa 
anaerobic  minute  forms  that  represented  the  eoccoid  bodies  ot 
No(riichi.  It  is  very  difficult  to  give  any  conclusive  judgrnient  oa 
this  matter.  Hull  could  not  confirm  Rosenow's  work,  and  showed 
that  the  organisms  isolated  by  him  were  neither  uniform  in  cultural 
behavior,  nor  had  they  any  specifieity  as  regards  the  production 
of  lesions  in  animals.  Tlie  weakest  parts  of  Kosenow's  work  are 
his  animal  experiments  in  which  he  produced  lesions  in  guinea  piga^ 
dogs  and  monkeys  with  these  cultures;  none  of  these  animals  havo 
been  found  suscoptible  to  poliomyelitis  virus  derived  din»etly  from 
the  filtered  brain  tissues  of  human  cases.  Mistakes  are  quite  likely 
to  occur  sinee  cocci  similar  to  the  Rosenow  types  may  be  found 
in  a  considerable  number  of  rabbits,  and  even  in  monkeys  dead  of 
a  variety  of  conditions^  unless  cultures  are  taken  before  or  very  soon 
after  death.  ' 

Pri-soTiaily  we  do  not  believe  that  Rosenow  is  right.  ' 

The  Question  of  Tisitue  Specificity  of  the  Viridnns. — Rosenow,  in 
the  course  of  the  work  cited  above,  isolated  viridans  streptococci 
not  only  from  poliomyelitis  brainf  and  rlieumutic  ca.ses.  but  also 
from  gastric  ulcers,  and  in  the  course  of  this  work  he  developed 
the  theor\'  that  indi\ndual  strains  of  these  organisms  may  acquire 
a  specific  affinity  for  particular  tissues.  His  idea  is  that  organisms 
isolated  from  rheumatic  lesions,  gastric  lesions,  etc..  will  selectively 
lodge  in  analogous  lissncs  on  animal  iujeetion  or  nii  gaining  entrance 
to  another  individual.  Other  observers  have  not  been  able  to  confirm 
this  eluim,  and,  indeed,  it  is  very  unlikely  that  such  a  thing  occurs. 
At  any  rate,  no  rlefinite  proof  has  been  brought,  and  the  weight 
of  evidence  is  against  his  claim.  It  is  an  interesting  thought,  yet 
a  dangerous  one  to  spread  hroadeast.  since  it  has  intluenced  clinical 
thinking  to  an  extent  not  warranted  by  experimental  fact.  In  the 
specific  localization  of  organisms  in  the  tissues,  it  seems  to  us  much 
more  likely  that  tissue  factors  are  paramount,  such  as  perhaps 
sperifie  hypersuseeptibility,  or  local  rrduetion  of  resistance.  Such 
a  thought  is  indicated  by  the  work  of  Faber^'  who  sensitized  joints 
with  extracts  of  streptococci,  subsequently  producing  lesions  in  these 
joints  by  intravenous  injection  of  the  microorganisms  themselves. 
None  of  these  ideas,  however*  have  been  proven,  and  the  entire 
question  remains  one  of  the  difiBcult,  unsettled  problems. 

^Faber,  Jour.  Exper.  Med.,  22.  1915,  615. 
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Toxic  Products. — In  spite  of  extensive  researches  by  many  in- 

vealigalors  upoa  the  nature  of  the  poisons  produced  by  streptocot'^i. 
our  uudtTHtanding  ot  tJusi*  sut)staut'e£i  is  still  very  incoiujik'te.  The 
grave  systemic  symptoms  so  often  accompanying  comparatively 
slight  strc-ptoc'occits  lesions  argue  strongly  for  the  production  by 
these  mieroorgauisms  of  a  powerful  ditTusible  poison.  Toxic  filtrates 
of  streptococcus  cultures  have  indeed  been  obtained  by  Roger/* 
Marmier,'*  iiaginsky  antl  Wominorfeld,'*  Marmorek,"  and  many 
others;  but  tlicsc  havv  in  no  case  been  comparable  in  potency  to 
the  soluble  toxins  of  diphtheria  or  of  tetanus.  When  injected  into 
young  guinea-pigs  in  sufficient  quantity,  these  filtrates  produce  rapid 
collapse  and  death. 

Aronson^'  in  1902  found  that  filtrates  from  streptocoecus  cultures 
made  in  various  ways  were  practically  without  toxicity,  although 
he  ueeaHiunally  obtained  toxic  symptoms  by  gi\'ing  very  large  doses 
of  two  to  four-day  cultures.  The  residue  of  streptococcus  body 
substances  was  not  toxic  at  all.  Simons"  in  1904  foiuid  a  similar 
lack  of  toxicity  of  the  bodies  of  the  organisms,  but  claimed  that 
filtrates  of  broth  cultures  two  to  nine  days  old  produced  emaciation 
and  diarrhea  in  rabbits.  He  claimed  that  it  was  necessary  to  grow 
the  organisms  in  the  presence  of  animal  exudates  or  leucocytes,  a 
claim  winch  corresponds  to  Marmorek'"  ideas.  Braun'***  found  some 
toxicity  of  filtrates  of  streptococcus  cultures  for  rabbits.  More 
recently,  Clark  and  FVnton**  cxiltivated  hemolytic  streptococci  upon 
Locke's  solution  eontuinijig  defibrinated  blood  and  0.5  .per  cent 
glucose.  Tliey  claimed  that  0.5  to  1  c.e.  of  the  ffltrates  of  such 
cultures  killed  rabbits  with  considerable  regularity. 

We  ourselves  have  made  similar  studies  of  streptococcus  poisons 
and  were  tmable  to  confirm  the  claim  of  Clark  and  Fenton  though 
following  the  very  same  method.  We  have  foimd,  however, 
that  cultures  of  various  hemolytic  streptococci  made  upon  hormone 
broth,  and  similar  broth  with  defibrinated  blood,  grown  for  from 

^  Soger,  Rev.  de  tnW.,  1892. 

•*I/ann*fr.  Ann.  <1o  IMnfl*.  Piwteur,  \x,  1W5,  p,  S33. 

^Bagi-ikif  curl  SimmerfchU  Btil.  klin.  Woch..  1900. 

"  Jfarwitrtt,  B..1I.  kliu.  Woch.    1902. 

"^rciwon.  Bcrl.  klin.  Wooh,     19112,  39. 

^  Simor9,  Cent.  t.  Bakt.,  35,  1904. 

^UarmcTck,  Ann.  do  I'lnst.  Past.,  10,  I90i;,  169. 

"BrftUrt,  Cent.  f.  Bakt.,  61,  1912.  388. 

^Clark  and  Ventcn,  Jour.  A.  M.  A.,  71,  1918,  1048. 
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eighteen  to  twenty-four  hours  under  pni-tially  anaerobic  conditions, 
contained  definite  toxic  substances,  filtered  through  Bcrkefeld 
eandlfs  and  injected  into  rabbits  in  quantities  ranging  from  3  to  ff 
cubic  centiraelers,  mckness  consisting  of  general  muscular  weakness, 
respiratory  difficulty,  and  in  about  8  per  cent  of  the  cases  death 
ensued.  Similar  toxic  substances  could,  be  obtained  by  repeatedly 
washing  young  agar  growtlis  of  streptococci  in  salt  solution  and 
filtering  immediately.  Wc  do  not  regard  these  as  specific  exotoxins, 
but  believe  them  to  be  entirely  similar  to  sxibstancrs  obtained  ia 
the  same  way  from  young  influenza  cultures,  typhoid,  dysenteryj 
meningococcus  and  prodigiosns  cultures.  The  work  on  these  sub- 
Ktunees  is  not  yet  completed.  They  are  not  antigenic  and  not  specific, 
and  repeated  injection  into  rabbits  in  sublethal  amounts  produces,, 
chronic  emaciation  and  usually  death  after  five  or  six  injiH-fions; 
They  may  well  have  important  bearing  on  the  symptoms  of  strepto- 
coccus diseases.  They  are  certainly  neither  specific  exotoxins  noif^j 
endotoxins,  and,  for  the  present,  we  speak  of  them,  for  lack  of  n 
better  term,  as  '*X'*  substances."* 

Streptococcus  IIbmoltsin. — The   production  of  hemolysin  hy 
streptococci  has  b<'en  mentioned  briefly  in  connection  with  our  secJ 
tion  on  classification,  since  this  property  has  become  one  of  the 
important  criteria  of  differentiation.    The  substance  responsible  foi 
the  laking  of  red  blood  corpuscles,  being  a  secretion  of  the  organ- 
Uims,  comparable  to  tlie  true  toxins  of  some  other  bacteria,  has  been 
made  the.  subject  of  a  considerable  number  of  investigations.    Th^ 
observation  of  this  phenomenon  was  first  made  by  Marmorek"  in 
1895.    Marmorrk  believed  that  there  was  a  direct  relation  betweetf' 
virulence    and    hemolytic    power.      Other    investigatoi-s,    however, 
notably    Schottmuller,**    believed,    from    the    beginning,    that    thel 
"hemolytic  power  was  a  constant  characteristic  of  certain  strains*' 
unchangeable   by  experimental   enhancement   or  reduction   of  thefi 
virulence.    As  mentioned  before,  the  8Tre])tococeus  hemolysins  may 
be  conveniently  observed  by  cultivatirm  c»f  the  orgaiiismH  on  blood 
agar  plates.    The  criteria  for  media^  blood  and  reaction  have  been 
mentioned  above.     The  hemoI>'sins  may  also  Ite  obtained   in   liquid 
media  by  the  filtration  of  young  liquid  cultures.    Apparently  it  is 


"  Zinucr,  Jour,   of  Tmmunol.,   6,    1920,   No.    3,  p.   265;    ZinMter,  Parker  mnt\ 
Kuttner,  Tranwic.  Sew.  Kxp.  Med.  iittii  Biol.,  Dc*.,   1921. 
-Alarmorrk:  Ann  -lo  I'liist.  PaM.,   1895. 
*•  SchottmHUcr,  Mun.  ined.  Woirh.,  1903. 
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advantageous  that  media  for  this  purpose  should  coutaiu  ascitic 
fluid  or  serum.  The  first  to  obtain  streptolysin  in  this  was 
Bt'sredka."-^  The  nature  of  the  filter  used  for  tliift  purpose  makes 
a  considerable  amount  of  difference,  and  it  is  stated  by  De  Kruif 
and  Ireland*"  that  the  Maasseu  filters  are  the  most  suitable  ones, 
and  that  even  with  the>ie  eoiksiderahU'  amounts  of  hemolysin  are  lost 
ID  fiUralion.  According  to  Besredka,  Hraun'*  and  others,  the  strep- 
tolysin is  not  a  very  stable  substance,  and  for  this  reason  it  is 
necessary  to  filter  the  cultures  at  a  point  of  optimum  growth.  The 
same  observation  has  iKen  made  by  M'Leod'**  who  obtained  the  best 
results  by  filtering  serum  broth  cultures  after  sixteen  to  eighteen 
hours'  growth.  A  careful  experimental  study  of  the  substance  ha* 
recently  been  madi-  by  DeKruif  and  Ireland  in  the  paper  cited 
above.  They  paid  particular  attention  to  the  correlation  of  strep- 
tolysin produetjon  to  the  logarithmic  growth  curve  of  the  organisms. 
The  broth  used  by  them  in  most  of  their  experiments  consisted  of  a 
2  per  cent  pepton  beef  infusion  broth,  brought  to  a  Ptt  of  7.8  with 
sodium  carl>onate.  To  this  broth,  following  the  niethods  of  M'Lcod 
and  others,  animal  serum  in  various  concentration  was  added.  The 
best  yields  were  (jlituiiied  with  sheep  serum  at  a  concentration  of 
20  per  cent,  although  similar  concentrations  of  human  and  rabbit 
Rcnim  gave  good  yields. 

Hy  avoiding  filtration  and  using  the  high-power  centrifuge,  the 
ordinary  loss  of  hemolysin  incident  to  filter  adsorption  can  be 
avoided.  The  hcmolj'tic  eflfecta  can  then  be  titrated  against  various 
types  of  red  corpuscles  by  adding  the  supernatant  fluid  or  filtrate 
in  graded  quantities  to  0.5  c.c.  of  a  2.5  per  cent  suspension  of  washed 
cells. 

De  Kruif  and  Ireland's  results,  in  the  main,  confirm  the  observa- 
tions of  others,  namely,  that  tlie  hemolysin  appears  early  in  the 
cultui-es,  and  when  the  broth  flasks  are  seeded  with  young  agar 
culturcti  tiic  j)eiik  may  be  reached  at  from  seven  to  eight  hours. 
When  the  crest  of  the  growth  curve  has  been  passed,  the  lysin 
begins  to  decrease  and  may  disappear  completely  in  fourteen  hours. 

According  to  liraun.  the  streptolysin  is  extremel-y  sensitive  to 
heat.    Six  hours  exposure  at  37°  seemed  to  destroy  it.    Six  hours 


^Befredlra,  Ann.  de  rinst.Paat.,  15,  1901,  880. 
'^DrKruif  and  Irrlond,  .Jnur.  Infcc.  Dui.,  26,  1920.  285. 
•^  Braun,  Crnf.  f.  Bakt.,  iMl,   1912,  383. 
"M'lfCd,  Jour.  Pathol,  nnd  Bacter.,  16,  1915,  321. 
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ikckieii  reduction,  but,  kept  in  the 

was  slight  only. 

"^  ^farvRth-  speoifi*'  fur  any  one  variety  of 

*-.-♦  mboet  strains  it  may  effect  the  red  cells 

,   -i  mbbits  of  sheep  and  of  horses,  indis- 

•    ««\»(v  with  quanlitntivc  differences.     Both 

-•  to  produce  an  nnti-Iysin  for  the  strepto- 

ir\'  of  the  anti-lytic  propeilies  posseBscd 

-  tM.-e  fUUrt-Iy  clear.    Since  it  is  an  extremely 

..^  ^H|t  but  incompletely  destroyed  at  100°  C. 

^t  it  tvn\d  not  be  an  flntil>ody  in  the  ordinary 

>«(  wmy  consist  of  lypoidal  suixitances  like  choles- 


, — In  1905  Ruedigcr"  observed  that  filtrates 
iA»^t^»x'wyi  trould  prevent  the  pha'joeytosis  (if  non- 
'i  by  leucocytes.  The  same  IhinR  was  affirmed 
RjNvnily,  Nakayama**  has  made  more  detailed 
kiKHH'Sdin,  He  finds  that,  as  a  general  rale, 
»K\r.hcniolytic  streptococci,  when  non-virulent,  and 
•^Vtt  v^  b>  j»ha(?ocytosi8.  under  the  influence  of  normal  scrum, 
v'^«Mv  MicofidSn.  Virulent  strains,  however,  Avhich  are  not 
sbuk94v  Unniuee  leneocidin  in  demonstrable  quantifies.  Tn 
«  (BV^wn  <«»  10  per  cent  serum  broth,  the  largest  quantity 
iti  was  produced  in  from  ten  to  twenty-four  houi*s,  after 
i.'n  fell  off.  The  largest  quantities  M'cre  obtained  in 
■  ^  goat  scrum  and  horse  scrum.  There  was  a  definite 
•l^gyk^v^'^tp  between  the  volume  of  production  and  ^'irulence.  Tim 
was  rendered  inaetive  by  heating  at  58°  to  60°  for  thirty 
It  was  unslable  on  preservation,  and  could  not  be  reae- 
^4hl«%l  by  the  addition  of  small  quantities  of  fresh  culture  fluid. 
(i^lflHtl  *«^cnro  and  leucocytic  extraet  j^ssess  some  anti-leucocydal 
y*w«r.  A  property  which  is  destroyed  by  heating  at  70**  for  thirty 


Hv  lilt  utions  that  immunization  with  streptococci  did  not  prodnee 
WVti-leucneytlal  properties,  hut  injections  with  the  leueocvvdal  culture 
(j^Uh  were  successful.    The  streptoleucoeidin  seemed  to  be  distinct 


Kveilifffr,  Jour.  A.  M.  A,,  -14,  1905,  198. 
/trLtnrii,  Jour.  A.  \f.  A.,  4fi.  l&uti,  1407. 
S^aifama,  Jour.  Infeo.  Dw.,  g7,  1020.  86. 
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from  the  streptolysin,  and  the  antibody  against  it  did  not  neutralize 
Btreptolcucocidin. 


Xnkny&mn  used  the  following'  method  for  the  determination  of  leuoocidio, 
ii  method  which  is  given  because  it  (?an  be  applied  to  test.s  for  similar 
sabstAnces  from  many  organisms.  His  procedure  was  ns  follows:  Leucocytes 
were  nbtnined  by  injecting  aleuronat  as  usual.  When  rabbits  were  used  I  he 
aleurunat  was  injected  into  the  pleura.  After  twelve  hours,  the  aniniah 
were  bled,  aud  the  exudate  withdrawn  after  opening  the  chest,  and  mixed 
with  equal  amounts  of  1.5  per  cent  &odium  citrate  solution  to  prevent  coag- 
gulation. 

A  solution  of  methylene  blue  is  made  as  follows:  1  o.e.  methylene  blue, 
20  e.e.  absolute  alcohol,  and  21)  cc  distilled  water. 

Various  leueocytic  suspensions  are  made  up  with  0.9  per  cent  salt  solution, 
and  the  mixtures  made  up  to  2  c.c.  Tliere  are  j^ro.sressively  fewer  leucocytes 
in  the  successive  mixture.  Two  drops  of  metliylene  blue  solution  are  then 
added  to  each  tube  and  the  mixture  covered  with  a  layer  of  liquid  paraOin. 
The  lube  Is  then  put  in  tl»e  incubator  at  37**  for  two  hours.  If  reduction 
occurs,  the  solution  becomes  colorless;  if  no  reduction  occurs,  the  color  remains 
green.  This  would  make  the  minimum  quantity  of  leucocytes  which  cause 
a  reduction  of  the  methylene  blue.  Then,  to  test  the  Icucocidin  different 
quantities  of  the  leucoeydal  fluid  are  added  to  twice  the  minimum  quantity 
of  leueocytic  suspension  which  has  caused  reduction  in  tlie  above  test,  These 
mixtures  are  then  incubate<l  for  one  and  one-half  hours  at  37°,  and  nt  the 
end  of  this  period,  two  drops  of  methylene  blue  are  added  and  the  tubee 
a^oiin  covered  with  li(|uid  parafhn.  Again  ihey  are  incubated  for  two  houi-s 
aud  readin^rs  are  mnde.  If  the  tube  contains  a  green  color,  it  indicates  that 
flomethiug  has  prevente<l  reduction. 

Antibodea  and  Immunisation. — ^For  reasons  not  wholly  under- 

i^gtood  at  present,  recovery  from  streptococcus  infection  docs  not  to 

my  marked  degree  produce  immunity  against  these  bacteria.    Active 

immunity  may,  however,  be  produced  in  rabbit.s.  goals,  horses,  and 

other  domestic  animals  by  treatment  with  gradually  increasing  doses 

of  atreptoeoecus  cultures." 

In  carrying  out  such  immimizations  it  is  necessary  to  use  for  the 
first  injection  attf^nuated  or  dead  bacteria.  Attenaation  may  be 
accomplished  by  moderate  heating  or  by  the  addition  of  chemicals 
(terchloride  of  iodin).  Nexifeld"**  advises,  for  the  first  injection  in 
immunizing  rabbits,  the  use  of  aseitic-broth  cultures  killed  by  heat- 

*^Korh  un*i  Pftru^hkyf  Zeit.  f.  Uyg.,  xxiii,  18&6. 
"XvHfeid.  Zeit.  f.  Hyg.,  xliv.  1903. 


ISMS 

d«ya.  by  a  second  injection 
Following  thiR,  injections 
vilk  constantly  increasing  doses. 
Ifs  arc  employed  in  most 


-j4<«MiUin  no  demonstrable  antitoxic 
ll  Wa  bot'n  claimed  that  those  sera 
.^^,     -T^  power  botli  in  vitro  and  m  vivo, 
tih(  Ihi^  claim  considerably,  since 
Htive  cocci  by  Inidy  fluids  unaided 
h^  w«ur.     In  ail  such  experimuutR  we 
^.  ilMr  tu  the  agglutination  of  orgnuisms 
4ihf  eolonit's  whrn  the  tosts  wt*re  made 
powers  of  such  sera,  however, 
^-^^  ^^  <dfci>nrrmrnt   of  phagoeytnsiR   has   been 
ajk!  in  vivo.     In  fact,  it  was  with  such 
.^^  -^,  ani^Miant  observations  on  the  importance 
,^1^,^  ^«ing  that  tlio  immune  bodies  in  the 
<^  And  not  upon  the  leucocytes, 
vrrvplocoecus  iiumiuie  sera  for  infected 
lug  often  a  potency  hardly  explicable 
,     orh'iiUl  or  opsonic  power,  and  thereby 
•'m-tor  »iot  understood  as  yet.**''    Aron- 
.     a  by  the  treatment  of  lioi-ses  with  a 
•  i*Bae  of  si'arlatina,  0.(X)04  c.c.  of  which 
^iicv  irow  ten  times  the  fatal  dose  of  a  strepto- 
M^  protective  values,  however,  ai'c  obtained 
I  4*j<p<<iona  are  given  simultaneously  with  the 
..1    M\   hi>nrs   after   infection,    much    higher 
\     i   aiiii    prnteetive   results    uie    niU4'h    less 
father   antistreptococcic   sera   have   l>cen 
"i*     or.  Tnvel,  and  others,  al!  showing  more 
,  11.  i-roterling  animalH."" 

'^|l4<c»ntMiK'  iIm  I'iiiuiiiiiiit^/*  elo^  Brtintclif,  iSdQ, 
•i  IN^  W\>ehM  xutii,  1SV6:  ibid^  xlii  ami  xliii,   I!mii.>:  iM>l.,  viii 

^     .m  «iili»lrPl»tor.,"  IjotiTRin,   l&HO;    Van   dr    irldr,   Ann,   do 

'; -tl.  i\v  I'lii-a'!.  Toy.  «lf»  ui^tl.  tU»  Bolciqoe,  M0S;  Mmj/rr, 
»;.  Corr.  HI.  f.  Sohw.  Arrtw. 
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Since  these  sera,  while  in  a  general  way  potent  agauist  ail  strep- 
tococci, have  been  found  protective  chietly  against  the  speciiic  micro- 
orgamHiu  employed  for  their  production,  Van  de  Velde,*"  Denya, 
Aroiii»on.  and  others  had  advisid  the  immunization  of  the  animal 
with  a  large  variety  of  slreptoeoccus  races,  derived  from  many 
diitereut  human  sources.  The  resulting  ** polyvalent"  serum  is  more 
apt  to  exert  equally  iiigh  proteetive  powers  against  all  streptocoeeus 
iulVetiuiis.  Th«3  tlicrapeutic  value  uf  such  seru  hi  the  Ireatmrnl  of 
human  infections  is  ytiU  sub  judice.  Undeniably  favorable  reports 
are  published  each  year  in  increasing  number,  but  are  by  no  means 
regular  or  comparable  to  the  recalls  ubtaiued  in  dijihiberin  with 
diphtheria  antitoxin.  Nevertheless,  in  mild  cases  or  in  thase  in  which 
the  Iftiioiis  have  l>een  distinctly  localized,  the  sera  seemed  to  be  suffi- 
ciently useful  to  jastify  their  use  and  neeessitate  their  standardization. 
The  recent  antigcitic  classihcatioa  of  streptococci  by  Dochez  and  Avery 
may  considerably  alter  our  proeedurt*s  in  regard  to  the  pol>-valence  of 
sci*uim  It  may  become  possible  in  the  future  to  type  the  infecting 
streptococci  and  to  use  a  corresponding  seinmi. 

Standardization  of  sera  in  regard  to  their  protective  i)0wer  ia 
accomplished  by  the  methods  first  d'-'vised  by  Marx*****  for  the 
standardization  of  swine-plague  serum,  and  depends  upon  the  ability 
of  the  serum  to  |)rotect  animaLs  against  a  measured  dose  of  virulent 
streptococci.  Aronson'"'  designates  as  a  **normal  serum"  one  of 
which  0.01  c.c.  will  protect  a  mouse  against  ten  to  one  hundred 
times  the  fatal  dose  of  virulent  streptococci.  One  c.c.  of  this  serum 
equals  one  serum  unit.  Comparisons  by  aiumal  experiment  unth  this 
standard  serum  approximately  determine  the  value  of  other  sera. 

In  titrating  the  proteetive  power  of  sera,  it  is  of  course  necessary 
to  remember,  as  we  have  slated  above,  that  streptococci  fall  into 
antigenic  groups  and  a  serum  produced  with  one  strain  or  a  mixture 
of  strains  may  occasionally  have  no  action  whatever  upon  a  given 
strain  from  a  ease.  The  metiiods  of  testing  protective  power  on 
mice  are  l>ecoming  so  imi>o]'tant  in  all  kinds  of  bacteriological 
research,  that  we  tiiink  it  important  to  insert  some  of  the  tcehnieal 
details  as  described  by  Dochez,  Avery  and  Laneefield  in  the  paper 


"■  Fan  de  Veide,  Aroh.  Jp  mM.  exp^r.,  1897. 
•"'J/arx,  D<^ut8che  thitrarzt.  Woeh.,  vi,  1901. 
*'^AronsoH,  Borl.   klin.  Wm'h..  xliii.  1»(>2;  OUo,  Aib. 
Frankfurter  u  if.,  Heft  2,  19(W. 
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quoted  above.****  In  order  to  do  protection  experiments  properly, 
it  is  necessary,  in  the  first  place,  to  produce  powerful  serum;  in 
the  second  place,  it  is  important  to  raise  the  virulence  of  the  test 
strain  to  a  hi^h  point.  We  may  state  from  our  own  experience 
that  not  all  streptococci  can  be  raised  to  the  same  degree  of  potency 
for  mice.  Dochez  and  Avery  raised  the  virulence  of  a  number  of 
strains,  by  continuous  mouse  passage,  to  a  point  at  which  0.000001 
to  0.00000001  c.c.  of  a  broth  culture  would  kill  the  animals  in  twenty- 
four  to  forty-eight  hours.  Workers  in  our  own  laboratory  have 
occasionally  been  able  to  do  this  with  individual  strains,  but  most 
strains  could  not  be  raised  to  a  virulence  approaching  this.  The 
organisms  are  best  grown  in  ascitic  broth,  0.5  c.c.  of  serum  is 
injected  intraperitoneally,  according  to  the  technique  of  Neufeld, 
twenty-four  hours  before  injection  of  the  organisms.  On  the  follow- 
ing day,  a  series  of  virulence  controls  is  inoculated  intraperitoneally 
with  appropriate  quantities  of  organisms,  and  the  serum  animals 
are  injected,  intraperitoneally,  with  doses  of  twenty-four-hour  cul- 
tures ranging  from  0.001  to  0.00000001  c.c.  (though  these  quantities 
must  be  adapted  to  the  known  virulence  of  the  strain).  Animals 
that  survive  for  a  period  of  five  days  are  considered  by  Dochez  and 
Avery  as  sufficiently  protected.  The  following  protocol,  taken  from 
the  paper  by  Dochez,  Avery  and  Laneefield,  illustrates  the  method. 

PROTOCOL  I 

In  this  protocol  is  shown  the  titration  of  the  serum  of  a  sheep  immunised  against 
Strain  23.  The  culture  employed  for  infection  was  an  18-hour  broth  culture  of 
No.  S  23,  which  had  received  eighteen  passages  through  white  rats  and  mice.  Each 
mouse  had  received  0.5  c.c.  of  immune  serum  24  hours  previous  to  infection. 


VlBULKNCB  CoimOI. 

PaoTKCTiTii  PowEs  Of  Sebuu  S  23 

Doae  of  Culture. 

c.c. 

Reault. 

I>oM  of  Culture. 

c.c. 

Result. 

0.001 

0.0001 

0.000001 

0.0000001 

0.0000001 

s. 

D.  in  4  days 

S. 
S. 

s. 

0.00001 
0.000001 
^      0.0000001 

D.*  in  24  hours 
D.*  in  24  hours 
D.*  in  24  hours 

*  In  the  tables  D.  indicates  died,  8.  survived. 


*<^  DocheZf  Avery  and  Laneefield,  Jour.  Exper.  Med.,  30,  1019,  170. 
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Leucocyte  extracts'"  have  been  employed  in  various  forms  of 
streptococcus  infections  of  man,  with  imccesfi  in  many  cases,  l-'avor- 
»le  results  have  been  obtained  with  these  ejctracts  in  cases  of  ery- 
'^Sdpelas. 

The  agglutmirts  found  in  streptococcus  immune  sera  are  usually 
most  active  toward  the  race  of  bacteria  employed  in  the  immunization. 
Other  strcptocotK'i  are  also  agglutinated^  but  in  relatively  higher  con- 
centration. AVhile  a  specific  group  reaction  is  useful  in  differentiating 
streptococci  from  other  species,  agglutination  can  not  be  relied  upon 
to  differentiate  individual  streptococci  from  one  aucther  (Hiss).  It 
has  been  found  that  a  sciiim  produced  with  a  streptococcus  from  one 
source  contained  a  higher  agglutinating  value  for  some  other,  strep- 
tococcus than  for  the  one  employed  in  its  production.  Agglutinins 
may  be  produced  by  treating  animals  with  dcud  as  well  as  with 
the  living  streptococci.  The  technique  of  streptococcus  agglutina- 
tion is  difficult  unless  we  are  dealing  with  strains  which  grow  with 
even  clouding  in  iluid  media.  The  frequent  spontaneous  clumping 
in  broth  cultures  necessitates  the  use  of  a  special  technique.  The 
most  simple  of  these  methods  is  the  one  in  which  calcium-carbonate- 
glucose  broth  is  used  for  cultivation.^*'*  Growing  in  this  medium 
and  thoroughly  shaken  once  a  day,  the  streptococci  are  found  evenly 
divided  in  the  supernatant  fluid  after  the  settling  out  of  the  calcium- 
carbonate  powder. 

This  method,  however,  is  not  often  suecessfuL  In  fact,  a  con- 
stantly reliable  method  for  the  agglutination  of  hemolytic  strepto- 
eo<rci  has  not  yet  bvt'U  devised. 

The  method  upon  which  recent  antigenic  study  has  been  based, 
has  depended  upon  the  use  of  a  special  sugar  free  broth  containing 
buffers,  since,  in  acid  cultures,  the  clumping  of  streptococci  is  par- 
ticularly noticeable.  This  method  has  been  developed  particularly 
by  Krumwiede  and  by  Dochez  and  Avery. 

The  special  broth  for  these  purposes  is  made  from  heart  muscle 
which  is  carefully  selected  so  that  fat  is  avoided,  ami  instead  of 
using  sodium  chloride,  a  sufficient  quantity  of  a  balanced  phosphate 
mixture  is  added  to  give  the  required  salt  concentration,  and  to 
adjust  the  hydrogen  ion  to  a  P  ^  of  7.4.  The  hemolvtieus  is  grown 
on  this  for  twenty-four  hours,  at  which  time  it  usually  produces 


HiM,  Jour.  Med.  Res.,  xix,  1908. 
HiJt/i,  Jour.  Kxp.  Mod.^  vii,  190S. 


434 


PATHOGKNIC   MICROORGANISMS 


a  Py  of  7.2.  The  organisms  are  then  cenlrifugcd  doAvn,  aro  washed 
once  or  twice  in  the  slock  broth  of  a  P^  of  7.4  prepared  hh  above. 
They  are  then  resiispended  in  the  same  modiiim  in  approximately 
the  original  »M>ueentration  of  the  culture,  and  this  susx)ensioii  is  used 
for  agglutination.  This  method  has  given  suflReiently  reliable  results, 
and,  although  we  have  tried  a  great  many  x>ther  procedures,  sueh 
as  grinding  the  organisms  in  salt,  shaking  them  for  long  periods, 
<'te.,  we  have  not  been  able  to  obtain  homogeneous  mixtures  belter 
adapted  for  agglutination  tests.  For  the  present  we  would  recom- 
mend the  method  of  Ooehez  and  Avery  as  perhaps  the  moat  useful, 
hut  it  cannot  be  regarded  as  entirely  satisfactory  as  yet.  (For 
preparation  of  the  medium  see  chapter  on  media.) 

Pa.Hsive  therapeutic  immunization  witli  polyvah^it  antistrepto- 
coecus  serum  has  not  yet  given  reliable  residts.  In  view  of  the 
recent  work  on  pneumocoecus  sera  we  believe  it  should  be  subjected 
to  careful  clinical  trial  especially  in  cases  of  spreading  eelhilitis  nnd 
streptococcus  pneumonias  and  empyemas  which  do  not  yield  to  the 
ordinary  forms  of  treatment. 


THE    PROBLEM   OF   MUTATION 


The  many  minor  ditTcrenees  in  morphology  and  ciiltural  char- 
acteristics which  have  been  noticed  among  the  streptococci  have 
lead  to  many  as&iunptions  of  possible  mutations  in  this  group.  It 
is,  of  course,  well  knoM'n  that  changes  in  the  length  of  chains  in 
the  production  of  green  color  by  viridans  strains,  and  the  degree 
of  hemolysis  can  be  ol)Scrvcd  in  streptococci  grown  in  the  laboratory 
for  a  long  time.  These  changes,  however,  may  be  regarded  as 
analogous  to  minor  changes  produced  under  conditions  of  artificial 
cultivation  in  many  other  groups,  such  as  the  typhoid  bacilli  and  others, 
hut  do  not  imply  a  fundamental  change  or  true  mutation.  Burger  and 
Wyntenberg'*'*  claimed  that  passage  through  wliite  mice  converted 
a  capsulatcd  hemolytic  strcptocoecus  into  what  they  took  to  be  a 
pneumocoecus.  Rosenow*'**  has  been  the  most  prominent  worker 
along  these  lines,  and  in  1912  claimed  that  he  had  transformed  a 
f'apsulated  streptococcus  into  a  typical  streptococcus  by  cultivation 


^  Burner  and  Wynienhrrfj,  Jour.  Infee.  Dls.,  4,  190T,  609. 
^  Eotenvw,  Jour.  Infcc.  !)».,  U,   IPH,  1. 
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on  agar,  and  later  he  claims  thai  by  means  of  animal  passage  he 
had  trausfonut'd  a  numln'r  of  viridans  strains  into  pncuraocorciw, 
and  a  number  of  hcmolyticus  strains  into  viridans.  Similar  claims 
have  been  made  by  Davib.'"^  It  is  very  difficult  to  comment  upon 
these  results.  Broadliurst"*^  also  olwerved  changes  in  fermentation 
reactions  produced  in  streptococci  when  Ihcy  were  subjected  to 
lari'owth  in  frcslj  milk,  saliva  and  extracts  of  fresh  tissues^  but  she 
draws  conservative  conclusions,  and  elianges  such  as  those  noted 
by  Iier,  might  well  be  minor  ones  in  th^r  biological  significance. 
The  fundamental  chanjjos  noted  by  Rosenow  particularly  would 
serve  to  disturb  considerably  the  methods  of  classification  now  cm- 
ployed.  The  subject  is  so  important  that  the  greatest  conservatism 
in  critical  evaluation  of  these  claims  must  be  excreiscd.  There  are 
many  sources  of  error,  such  as  the  possibility  in  animals  of  injecting 
one  organism  and  gi'tting  another  one  out,  and  the  many  possibilities 
of  contamination,  that  further  work  must  be  done  along  tliese  lines 
before  judgment  can  be  finally  given.  We,  ourselves,  have  put 
viridans  organisms  into  rabbits  in  open  celloidin  agar  capsules,  by 
a  method  described  by  Raymond  and  ourselves'"*  and  have,  after 
four  months,  recovered  the  identical  unchanged  organisms  that  we 
put  in,  although  they  had  been  in  tlic  rabbit  as  long  as  four  months, 
jjt  is  our  opinion  at  the  present  time  that  such  fundamental  muta- 
tions do  not  take  place,  and  that  it  vnW  take  a  great  deal  of  very 
careful  and  accurate  work  bi-fore  such  claims  can  be  seriously 
considered. 

***  Davis,  Jour.  Infec  Dia.,  12,  1913,  386.     ,, 

*^BroadhurMt,  Jour.  Tnfw.  Dis.,  17,  1915,  277. 

**ZiniiJtir  and  Raymovd,  Traitsac.  Soc.  Exper.  Med.  and  Biol.,  January,  1021. 
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«MIK   TWS    i'NMl  5HXX)»*Cr«   AND  A  TONrtlDKRATION 
OK    THK    »'NKIMOXIAS 


TH£    COMMON    GOLD 


b^  ^KiteNt  V^^  infiL'ctiQik8  of  tho  respiratory  tract  of  man,  it  is 
imyiHaiUkr  W>  A\t4il  rx*frrriiig  hrirHy  to  a  ronclition,  Avhich,  though 
^^ttit  U  Vw'v^M^  ^bir  iiui«t  roinmon  of  all  such  infections,  is  iinquus- 
^  kWMHittiHl  from  person  to  porson,  and  yet  is  etiologieally 

^l^yifjl^v  <       Tho  condition  is  of  ^cat  importanco  Ixeause  of 

lW•ttt^v  -  -'1  ooouomic  ofticioncy  which  wholesale  infection  of  a 
VM^MWti\Xki  with  the  common  cold  entails,  and  because  of  the  fact 
'U^hV  lhM>  c<fcl*rrhol  inflnnirnntion  of  the  nose,  throat  and  upper 
uvftwKiC  wWcli  acconipanics  the  cold,  prepares  a  site  for  the  lodg- 
4I»UI  aihI  tuultlpHcntion  of  influenza  bacilli,  pncumococci,  strcpto- 
vv  '  ihi'i'ia  Imcilli,  perhaps  meningococci,  and  other  organisms 

|Im4  .-— ,\  .» Ad  lo  ntore  serious  disease.  Also,  the  sneezing,  coughing 
«^Hd  I'Vpoclorution  of  in(iividuals  suffering  from  colds  results  in  the 
|«v\MktUi*utian  ilistril>ution  of  bacteria  lodged,  by  chance,  in  the  respir- 
intt«>  imwugoM  ol'  such  people.  Carriera  of  virulent  organisms  of 
viii*Unist  kimlN,  such  qs  diphtheria  bacilli,  meningococci,  streptococci, 
pMcumococeuH  types  I,  II,  and  III,  etc.,  l>cgin,  in  ttie  course  of 
Um'Ii  iH»ldH,  lo  distribute  the  virulent  organisms  they  carry  to  others, 
Th*>y  not  only  spread  the  virus  that  has  given  them  the  *'eold."  but 
iM'Attcr  A  Hpniy  which  contains  the  virulent  organisms  to  which  they 
thintiutelvea  are  immune,  and,  therefore,  not  only  directly  infect  sus- 
ropllblfi  conlncts.  but  transmit  to  them  directly  a  condition  which 
will  niake  it  pnssible  for  these  virulent  organisms  to  lodge  in  their 
iMueudun  membranes,  and  perhaps  cause  the  secondary  more  serious 
dlNcAMCM.  A  circuit  of  carrier  distribution  is  so  sini-tcd,  and  it  has 
Ihtu  variously  proved  that  during  the  colder  months  of  the  year, 
wht*n  colils  nliound.  the  carrier  rate  of  all  respiratory  diseases 
InerrttHCs.  If  we  consider  that  in  any  large  group  of  people  there 
may  he  three  or  more  per  cent  of  meningococcus  carriers,  similar 

430 


TUE   (X>MMON   COLD 


437 


percentages  of  pncumococciis,  streptococcus  carriers,  a  fraction  of 
a  per  cent  of  virulent  diphtheria  carriers,  and  that  in  this  group  a 
number  of  the  carriers  begin  to  cough,  spit  and  hawk,  the  percentage 
of  ail  these  \rill  gt»  up,  and  susceptible  contacts  will  not  only  contract 
the  cold,  but  will  get  the  specific  disease.  These  farts  have  hveix 
noted  in  the  case  of  meningoeoeei  by  Bassett-SmJth.'  for  diphtheria 
bacilli  by  Moss,-  and  the  writer  has  frequently  noted  this  with  pneu- 
mocoeei  and  streptoeoeei  in  army  camps. 

It  is  thus  seen  that  the  common  cold  offers  indirect  problems  of 
gi'cat  imiKjrtance,  and  that  the  fluetnations  of  the  haeterial  flora  of 
the  mouth,  nose  and  throat,  incident  to  the  common  colds,  arc  of 
interest  entirely  apart  from  the  problems  of  specific  etiology  of  the 
cold  itself. 

As  to  thi-  etiology'  of  so-called  colds,  litlif  is  dfliniti-iy  Uno\v» — IX 
_is  uncertain  whether  it  is  caused  by  n  sintrh-  or  by  a  varioty  of 
jiifectious  agents.  Though  streptoeoeei,  pncumocoeei,  and  numerous 
other  organisms  liave  been  described  as  possible  causative  agents,  to 
none  of  llicse  can  etiological  importance  Ik*  conclusively  attached. 
Kruse*  in  1914  published  work  which  suggests  that  the  cold  may 
be  due  to  a  filterable  vii-us.  He  succeeded  in  transmitting  the  condi- 
tion to  human  beings  with  filtered  mucus.  Similar  work  by  Foster* 
in  1917  has  seemed  to  l>ear  out  Knise*s  contention.  Foster  went  so 
far  as  to  believe  that  he  had  cultivated  the  filterable  virus  by  the 
anaerobic  methods  utilized  by  Xoguchi  and  othei*s  in  treponema 
cultivation,  and  deacribed  in  another  place.  An  experiment  done  by 
Hopkins  in  our  laboratory  suggests  similarly  the  participation  of  a 
filterable  virus,  but  it  must  he  rerapmbcred  that  experiments  during 
the  season  of  colds  on  human  beings  are  fraught  with  many  possi- 
bilities of  error,  and  many  recent  workers  have  failed  to  obtain 
positive  results.  The  etiologj'  of  the  common  cold,  therefore,  is  in 
doubt,  and  awaits  further  elucidation. 

Meanwhile,  the  sanitary  importance  of  the  condition  must  not  be 
underestimated,  and  the  principles  of  prevention  are  prefectly  plain, 
although  they  offer  almost  insuperable  difficulties  to  successful 
enforcement. 


^Baa$eU'8mHh,  Lant^ct.  194,  1918.  290. 

'Moss,  Guthrie  ha*}  GtiUn,  Tiansao.  13th  Intcmht.  GoDgrcas,  Hygiene,  Wash* 
ington,  1913. 

'Knse,  Munch.  Meil.  Woch.,  61,  1914.  1547. 
*  rosier,  Jour.  Infec  Dia.,  21.  1917.  451. 
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The  striking  power  of  the  cold  is  probably  not  very  great,  and 
direct  or  iiulirt-rt  contact,  relatively  eloHe  in  time  and  spu.ee,  seenis 
to  be  jieceHaary  for  transmission.  The  gravity  of  the  malady  it«elf 
is  so  slight  that  it  is  difficult  to  impress  upon  individuals  the 
necessity  for  eare,  and  the  very  grave  influenee  upon  general 
respiratory  epidemiology  caniiot  be  made  clear  to  those  not  profes- 
sionally interested. 

It  is  our  belief  that  general  rigid  attention  to  the  prevention  of 
colds  in  schools,  hospitals,  military  units,  and  other  closely  associated 
groups  of  peoplr  would  indirectly  exert  a  very  considerable  cflfect 
upon  the  general  respiratory  siek  rate. 

Piwenlion  depends  upon  impressing  these  facts  upon  the  public 
and  laying  stress  upon  the  great  danger  of  severe  secondary  disease. 

The  avoidance  of  close  contact,  sleeping  in  the  same  bods,  avoid- 
ance of  the  kissing  of  children,  protecting  companions  from  contam- 
inution  by  cougliing  and  sneezing,  disinfection  of  handkerclnefs,  etc., 
niay  prevent  the  disease  from  going  through  familieji  as  is  so  often 
the  case. 

Children  in  the  initial  stages  of  severe  colds  should  be  excluded 
from  school  for  a  day  or  two.  Periodical  disinfection  of  nose  and 
throat  with  20  per  cent  argj'rol  solution  has  a  definite  effect  on  pre- 
venting transmission,  in  our  opinion. 

Of  especial  importance  is  the  attention  to  colds  during  the 
existence  of  epideniii«  of  diphtheria,  measles,  poHoniyelitLs,  menin- 
gitis, influenza,  and  the  epidemic  pneumonias  that  may  lake  place  in 
army  camps.  Inder  such  conditions  the  common  cold  may  be  the 
main  "catalysing  agent/'  as  it  were,  w^hich  keeps  the  more  serious 
disease  active.  At  such  times  people  with  increased  mucous  secre- 
tions who  cough,  spit  and  distribute  mucus  with  handkerchiefs  and 
hands,  are  a  sufficiently  grave  menace  to  call  for  rigid  pulilic  health 
measures.  That  these  cannot  be  successfully  enforced  in  the  general 
population  of  cities,  seems  plain.  Hut  they  can  be  controlled  in 
factories,  schools,  military  organizations,  hospitals,  asylums,  and 
perhaps,  under  certain  conditions,  in  places  of  amusement,  and 
innumerable  ideal  opportunities  for  spread  can  thus  be  eliminated. 

THE  PNEUMOCOOCUS  AND  PNEUMONIA 


The  opinion  that  lol>ar  pneumonia  is  sn  infectious  disease  was 
licM  by  many  far-sighted  dinicinns  long  Ik'fore  the  actual  bactcrio- 
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1ofiri<^al  facts  had  been  ascertained.  This  idea,  so  well  founded  upon 
tlir  nature  of  tlio  elinical  coursf  of  the  disease,  with  its  vioUiU  onset 
and  equally  rapid  defervoseence,  led  many  of  the  earlier  bacteriol- 
ogists to  make  it  the  subject  of  their  invr.sti|2:ations — a  subject  nia*le 
doubly  <liflficult  by  the  abimdaut  bacterial  fiora  found  noruially  in 
the  upper  respiratory  pa88af?e8,  and  by  the  fact,  which  is  now  recog- 
nized, that  lolmr  unrl  other  pneumonias  are  by  no  meaiiH  always 
eaused  by  one  and  the  some  microor^^anisuis. 

Cocci  of  various  descriptions  and  cultural  chametcristies  were 
isolated  from  penumonia  cases  by  Klcbs,*  Koch,"  Giinther."  Talamou," 
and  many  othei's,  which,  however,  owing  to  the  insuffieient  dilTeren- 
tial  methods  at  the  command  of  these  investigators,  cannot  positively 
be  identitied  with  the  microorganism  now  known  to  us  as  Diplo- 
coceus  pneumonia'  or  the  pneumcu-oecus.  Although  tlius  unsueeeHsful 
as  to  their  initial  object,  these  early  investigations  were  by  no  means 
futile,  in  that  they  gave  valunbh'  information  regarding  the  manifold 
bacterial  factors  involved  in  ae.utc  pulmonary  disease  and  inci- 
dentally led  to  the  discovery  by  Friedliinder  *  of  B.  roucosus 
capsulatns. 

A  tabulation  is  given  in  the  monograph  published  on  acute  lobar 
pneumonia  by  Avery,  Chiekering.  Cole  and  Docbcz."  "Among  52!) 
cases  diagnosed  from  the  cUnical  and  patholo^c  features  as  acute 
lolmr  pneumonia,  the  following  were  the  etiologic  agents  concerned; 

Diplococcus  pneuniuniae    454 

Frieillander '»  bacillus    H 

Bacillna  influenKac   6 

Stfoplococeus  pTogenes 7 

8tropt<>c(tJrtw    nuicoBua    **».••.. 

StapbyliM'<K'<'iifl  aureus .t  •  •  •  •  ■ 

Catfcs  of  niixeil  infoi-tioii  with  eombinatiuns  of  Slaphyloooccus  aureus,  Pried* 
Ifindpr's   bnrilhis,    H.    inllupusnp,   Htroptocorcus  pyoifenos,    anil    Strrpto* 

coccus   viridaiis * 

Uodeterraiavd    (Moat   ut   them  occurring  before  accurate   methods   /or   de- 
termining thr'  etiologic  agent  had  been  dt^viaed. 49 
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•ffiffts,  Aroh.  f.  pxp.  Path.,  1S73. 

*  Koch,  Mitt.  a.  d.  kais.  Oesundheitaaint,  Bd.  I. 
'f?uflr/i/T,  Detit.  med.  Woch.,  1882. 

•  Talamon,  Progr.  m^d.,  1883. 

'  Friedtiiitder,  Virchow's  Arch.,  Ixxxvii. 

"Avery,  Chukcrimj,  Cole  and  Dochez,  Monograph  of  The  RocltefeHei  Inat.  for 
Med,  Bee.,  No.  7,  Oct.  16,  1917. 
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npoa  IftBT^HihapMl  eoeci  foimd  ift  flattvv. 
in  rmbbits,  verv  piiMiihid 
by  Sktrnberf '*  and  hf  Pwc«iir''  in  1880. 
wwImh,  bfyond  rg««oaahl<'  doabt,  were  dcafiog  vxtk  the  tme 
iBOfftffTii,  but  did  not  in  anj  way  aaaodate  the  mierooreuiBH  t^y 
dflirnbed  wrth  lobar  poeftoMMna.  The  aolntioD  oi  thia  prohftna 
taaervcd  lor  the  laban  of  A.  Frankel "  and  Weiefaaelboiiai  '*  vha 
pvbHibed  their  rcsoHa,  indepetidentlj  of  each  ofther.  in  I8661. 
stratin^  hcTmid  qoestion  that  the  piuvniorscnu  is  the 
factor  in  a  Urge  Aalwity  of  eases  of  lobar 

Beeent  atndiea  by  Kenfeld  and  HaendeU  and  in  this  eoontry  Iqr 
Cflif  f"^  ""  <?oyfirfcew  at  the  Bockefeiler  Hospital,  hare 
in  the  nqftimirnPfP  ^<^  *re  dealing  not  with  a  nngig 
with  a  yx—p  fn  this  gnyapio^  thive  ^leeille  typea  bare  baaa 
d«9enb«'d,  named  rcspeetirely,  types  I^  11^  and  HI,  and  a  hrti  ingnwi 
ooi  rollf^ion  of  orpuiinaa  rlaaatted  for  convenieaee  togethtr  as 
type  T\'.  In  a  Mbacqnnit  section,  ond^r  the  aiain  hea^fing  of 
"lannmity  and  Spcctfie  Therapy,*'  this  phase  of  the  pneomoooecdi 

probicflB  n  diacuaBed  at  irrrater 
ItmcEth. 

Morphology  and  StemiBg. — 
Ti>  morphology-  of  the  pneumo- 
cu^cuft  ia,  in  general,  one  of  the 
mofit  valuable  guides  to  its  iden- 
lt£oation. 

WhfiL  typical,  the  pneomo- 
coccus  is  a  rather  large,  lancet- 
shaped  eoccus.  occurring  in  pairs, 
and  surrounded  by  a  definite 
and  oftt^n  wide  capsule,  which 
usually  includes  the  two  ap- 
proximated cocci  without  a  defi- 
nite indentation  opposite  thcar 
lines  of  di^nsion.  The  pneumo- 
eoeei  may,  however,  occur  singly 
or  in  short  chains,  and  even  fairly  long  chains  are  not  infrequently 


Fio.  48. —  Psfximooooci,  Oaowy  <m 
LciemaB'0  Scam  iCmpf^  9Utia 
by  sntiaiMrialet-fKiUHhaiMmfhoaate 
awlhod.) 


"Alemfter^.  Nat.  Board  of  Hsakk  Btilt,  ISSL 
ToMtnir,  Ban.  de  Vtemd.  dc  mM.,  IMl, 
^J^A,  Fr4Mk0i,  Zrit.  f.  Uta.  U^U,  a»  ISM. 
••  WtfirhMelhaum,  Mod.  Jahrbllchcr,  Wiro,  U66. 
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with  under  artificial  cultural  conditions.  This  may  be  chiefly 
le  to  the  cultural  conditions  or  may  be  a  prominent  characteristic 
of  certain  strains.  Apparently  the  cnpsulcH  of  organisms  making 
pp  the  chains  are  continuous;  vr&yy  indentations  arc  usually  present, 
TTowever,  in  the  capsule  of  chains,  and  at  timcft  distinct  divisions 
are  observed. 

The  chief  variations  from  tbft  typical  mnrphnlfigy  fnnai^t  ^Ith.^-  in 
the  assumption  of  a  more  distinctly  spherical  ervjcns  typp,  or  in  i|;n 
elouKation  appro?f,jma1iuy  \hi-  hai'illary  i'nrni  Under  certain  comli- 
tions  of  artificial  cultivation  a  distinct  flattcnin^^  of  the  organisms, 
particularly  of  those  making  up  chains,  may  be  seen,  and  even  the 
impression  of  a  longitudinal  line  of  division,  characteristic  of  many 
streptococcus  cultures,  is  not  infrequeutly  gained. 

The  capsules  under  certain  conditions,  especially  in  artificial 
media,  may  l)e  absent  or  not  demonstrable,  and  in  certain  strains 
capsules  apparently  may  not  be  present  under  any  conditions. 
Practically  any  of  the  described  variations  may  dominate  one  and 
the  same  culture  under  different  or  even  apparently  the  same  con- 
ditions of  cultivation,  and  all  gr&des  may  occur  in  capsule  develop- 
ment, from  its  ty])icHl  formation  through  all  variations,  to  its  total 
and  apparently  permanent  absence. 

The  presence  or  absence  of  capsules  depends,  to  a  large  extent, 
upon  the  previous  environment  of  the  pnoumoeocci  under  olwerva- 
ti on .  The  most  favorable  conditions  for  the  development  or  preser- 
vation of  the  nneumococeus  capsule  arc  found  in  the  body  fluids  of 
man  and  animals  sufTcring  from  pncumococcus  infection.  For 
instance,  capsules  may  be  tlemonst rated  with  ease  by  liie  tisual 
capsule-staining  methods  in  the  blood,  serum,  and  inflammatory 
exudate  of  the  infected  rabbit  and  white  mouse.  Capsules  may  be 
equally  well  marked  in  tlie  fresh  sputum  of  pneumonia  patients, 
especially  in  the  early  stages  of  the  disease  and  in  the  exudate  accom- 
panying such  pncumococcus  infections  as  meningitis,  otitis  media, 
and  empyema.  In  sputum  and  the  exudates  of  various  localized 
infections,  the  organisms  are,  however,  frequently  degenerated  or 
under  chemical  conditions  unfavorable  for  capsule  staining,  and 
satisfactory  results  are  not  then  easily  obtained.  The  same  is  often 
true  of  the  scrapings  from  lungs  of  patients  dead  of  pneumonia, 
even  in  the  stage  of  red  hepatization. 

In  artificial  cultivation,  if  the  nutrient  mediur^  is  not  milk  nr 
does  not  contain  serum,  capsules  <'aniiot  usually  be  demonstrated  bv 
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^.  Vixp,  Medn  vi,  1906. 
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Aerobic  and  anaerobic  conditions  bolh  pvriuit  th«  gf<mlh  •of 
pneumococcus.  there  boing  very  little  difference  in  speed  or  extent 
of  growth  along  the  course  of  deep  stab  ciUturt*8  iu  favorable  media. 
The  most  favorable  reaction  of  media  for  the  cultivation  of  this 
micruorganism  is  a  P^  of  7.6  to  7.8.  Slight  ueiility,  however,  if  not 
exceeding  eight-tenths  per  cent,  does  not  materially  hamper  develop'' 
meiit. 

The  broth  or  agar  basis  for  pneumococcus  media  must  ho  vaie- 
fuUy  made,  both  in  regard  to  nutrient  contents  and  reaction.-  Ordi- 
nary meat  exli*act  media  are  not  usually  rieh  enough,  aiid  even 
carelessly  made  meat  infusion  broth  may  fail  to  grow  jmeuniococci^ 
In  our  laboratory  we  have  come  to  use  the  ** hormone'*  bitrth  and 
agar  media  almost  entirely  for  pneumococcus  and  streptococcus 
work. 

The  growth  of  pnenmococei  on  all  m^dia  may  be  considerably 
enhanet'd  by  the  addition  to  these  media  of  animal  or  human  serum 
or  whoie  blood.  Ailtlitioual  subHtunees  wbieh,  among  others, 
unquestionably  have  a  favorable  influence  upon  pneumococcus 
growth,  are  glu<!oae,  nutrose,  and  glycerin.  The  addition  of  the 
latter  substances  to  the  media,  however,  probably  because  of  acid 
formation,  hastens  the  death  of  pneumococcus  cultures.  An  increase 
r.f  the  amount  of  p(pton  used  for  the  preparation  of  mtnlia  is  desir- 
able for  the  eultivation  of  this  microorganism;  two  to  four  p«*r  e('rit 
of  pcpton  may  be  found  advantageous. 

Transfer  of  reeently  isolated  penumococcus  from  broth  culture 
to  broth  culture  necessitates  rather  heavy  inoculation,  since  frequent 
failure  is  experienced  when  only  a  loopful  or  so  is  transferred.  Cole 
nu^ntions  that  about  0.1  c.c.  should  be  transferred  for  t'Very  5  e.c.-of 
broth. 

Iu  suitable  nutrient  hroth,  growth  is  rapid,  dnd  within  t^venly- 
four  hnurs  leads  to  slight  eloudini<  of  the  fluid.  This  clouding,  as  a 
rule,  eventually  disappears  as  the  microorganisms,  sinking  to  the 
bottom  of  the  tube  or  disintegrating,  leave  the  fluid  more  or  less  cleai*. 
In  broth,  pneumoiioeci  have  a  tendency  to  form  short  chains.  When 
glucose  has  been  added  to  the  broth,  growth  is  more  rapid  and  profiuie, 
but  considerable  acid  formation  causes  the  eulturcs  to  ilie  out  rapidly. 
It  is  possible,  however,  to  employ  glucose  as  a  growth-enhancing  ele^ 
mcnt  in  broth  cultures  without  interfering  with  the  viability  of  the 
cultures  by  adding  small  quMJilities  (one  per  eent)  of  sterile,  powdered 
calcium  carljonate.    This  method  of  cultivation  in  broth  is  especially 
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adapted  to  the  produolioii  of  mass  cultures  for  purposes  of  immuniza- 
tion or  (igglutinntion.^*  The  addition  of  ascitic  lluid  or  blood  serum 
to  broth,  in  tho  proportion  of  one  to  three,  maki's  an  extremely  favor- 
able medium  in  which  growth  ifi  rapid  and  profuse. 

Upon  agar  phtes,  pneunioeoeeus  growth  is  not  unlike  tliat  of  strep- 
tococcus!The  colonic'S  are  snmll,  round,  and  slightly  more  transparent 
than  those  i  '  *'  t  -(^occi.    They  appear  more  moist  than  stn'pto- 


are  more  flat,   ^licroseopieally  examined,  the 


coccus  colon 

c^jpnies  ft.re  fir^ely  granular,  with  dark  centers  an^  sliglitly  corrugated 
lighter-colored  pcriphrrrtl  nr^ft^.  Under  high  mngnifii^alion  no  such 
intertwining  convohitions  can  be  seen  as  those  noticed  under  similar 
maguifieation  in  streptococcus  cultures.  The  addition  of  animal 
albumin  to  agar  renult-s  in  the  more  rapid  development,  larger  aise, 
and  deeper  ojtacity  of  the  colonies. 

Agar  stab  cultures  show  growth  within  twenty-four  to  thirty-six 
hours,  which  takes  plaee  with  equal  thicknt'ss  along  the  entire  course 
of  the  stab.  There  in  nothing  distinctive  in  these  cultures  to  <iiffereu- 
tiate  them  from  8imilar  streptococcus  cultures. 

In  gehliyi  pUUe  aiul  utah  cuUures  at  22*  C,  growth,  as  a  rule,  docs 
not  take  place.  This,  however,  is  not  inje  of  all  races  of  penumococci. 
Occasionally  strains  are  met  with  which  will  grow  fairly  abundantly  in 
gelatin  at  a  temperature  of  22*  C.  Wlieri  the  gelatin  i:<  rendered 
Ktifneiently  firm  to  bear  25°  to  26°  U.  witluait  melting,  growth  appeal's 
slowly  and  sparsely  as  minute,  graylMh-white,  transparent  colonies. 
The  gelatin  is  not  liquefied. 

Growtli  nnon  mifk  is  profuae.  resulting  in  the  production  of  acid 
and  c)p  I  of  the  medium.    Races  are  encountered  in  which  tTiis 

IS  rapprt'bijt^tl  and  <roagtilation  in  milk  is  absent  or  long  delayed. 

Upon  potato,  thin,  gray,  moist  growth  occurs,  hardly  \nsible  and 
indistinguishable  from  an  increased  moisture  on  the  surface  of  the 
medium.    This  is  not  a  fuvorable  medium. 

Upon  LoeffUr's  coatjulatcd  bhod'serumf  the  pncumocoecus  develofis 
into  moist,  watery,  discrole  colonies  which  tend  to  disappear  by  a 
drying  out  of  the  colonies  after  some  days,  diflfering  in  this  from 
streptocoeeus  polonies,  which,  though  also  discrete,  are  usually  more 
opaque  and  whiter  in  appearance  than  those  of  the  pncumocoecus 
and  remain  unehanged  for  a  longer  time.  This  medium,  as  will  1m? 
seen,  is  useful  in  differentiating  pneumoeoeei  from  the  so-called 
Streptococcus  mucosus. 


Atu,  Jour.  Exp.  iled^  tU.  1905. 
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fpon  mixturoii  of  whole  rabbit's  blood  and  agar,  the  pneumococcus 
^rows  well,  and  forms,  after  four  or  live  days,  thick,  black  surface 
t'olouies,  not  unlike  sun  blisters  on  red  paint.  These  eoloniea  are  easily 
distinguished  fram  those  of  streptococci,  and  are  of  considerable 
differential  value.'* 

Pneuiuococcua  colonies  on  blood  plates  may  cause  a  alight  halo  of 
hemolysis  and  niethomuglobin  formation  with  a  iione  of  greeniah  color 
ab<jut  the  colony  after  4>j  houiti  or  longer  in  the  incubator. 

The  hemolysin  formation  hy  pn«  unuM-cx-mH  i?4  Kli.ght^  hut  f|iiiti^ 
(Jfifixiilfi-.  It  occui-s  late,  rarely  sooner  than  48  hours,  but  is  mentioned 
because  erroi's  of  diagnosis  through  ignorance  of  this  might  occur. 
Cole"  has  puiiicularly  studied  the  hemotoxins  of  this  organism. 

Guarnieri"  has  recommended  a  medium  with  a  pepton-becf- 
infusion  basis  rendered  semisolid  by  mixtures  of  agar  and  gelatin. 
A  motliHcatlon  of  this  medium  has  been  described  by  Welch  "  and  has 
been  much  employed.  Cultivation  within  eggs  and  upon  egg  media-* 
has  been  used.  Wadsworth-*  has  recommended  a  medium  composed 
of  ascitic  fluid  to  which  agar  has  been  added — audicient  to  give  a  soft, 
jelly-like  consistency.  He  observed  prolonged  viability  and  the  preser- 
vation of  the  vimlence  on  this  medium. 

For  the  purpose  of  differentiating  pneumococci  from  streptococci, 
Hisd"  devised  a  medium  of  beef  aerum  one  part,  and  distilled  water 
two  parts,  to  which  is  added  one  per  cent  of  inulin  (c.  p.).  and  enough 
litiints  lo  render  the  medium  a  clear,  transparent  blue.  By  fermenta- 
tion of  the  inulin  the  pncumococcus  acidifies  this  mixture,  causing 
coagulatioi^  of  the  senim.    Streptococci  do  not  ferment  inulin. 

Since  inultn  fermentation  is  a  very  important  differential  character- 
k|i<-  nf  ihe  pt^f^nmococcus^ it  IS  neccssary  to  say  a  few  words  about 
the  in-cgularity  with  which  it  (K^eui-s.  Oeeasionally,  failure  to  ferment 
inulin  is  due  to  the  fact  that  the  particular  strain  of  pncumococcus 
does  not  grow  well  in  the  inulin  medium  made  up  by  the  older  method 
of  Hiss.  The  addition  of  one  per  cent  of  pcpton  to  this  mediiim  has 
been  suggested  by  Burger  and  is  a  distinct  improvement.     It  may 


=*  Hiu,  lot.  cit. 

»CoU,  Jour.  Exp.  Med.,  1914,  20,  346  and  S63. 

^Ouaruicri,  Alt.  dell'  Acad,  di  Roma,  1833. 

«  Wflch,  Johns  Hopk.  Uosp.  Bull.,  iii,  1892. 

^Sctovo,  Riv.  d'lgicne.  1894. 

"  Wa^jiworth,  Proc.  N.  Y.  Path.  Soc,  1903. 

*H»u,  JoUr.  Exp.  Med.,  vi,  1905. 


44§  .     PATHOGENIC  MICROORGANISMS 

happes^^  howevor^  that  occasional  strains  will  react  irregularly  on 
different  preparations  oi  inulin.  These  irregularities  must  be  taken 
iato  consideration  when  this  test  is  used  for  differential  purposes. 
' '  iBOlaitien. — For  the  isolation  of  pneumococci  from  mixed  cultures 
or  from  material  containing  other  species,  such  as  sputum,  surface 
smears  of  the  material  are  made  upon  plates  of  neutral  glucose-agar, 
glucose-serum-agar,  or  blood  agar.  According  to  the  number  of 
bacteria  present  in  the  infected  material,  it  may  be  smeared  directly 
upon  the  plate,  or  diluted  with  sterile  broth  before  planting.  After 
incubation  for  twenty-four  hours,  the  pneumococcus  colonics  are 
easily  differentiated  from  all  but  those  of  streptococcus.  With 
practice,  "however,  they  may  be  distinguished  from  these  also,  by 
their  smoother  edges  and  greater  transparency  and  flatness. 

The  easiest  way  to  Isolate  pneumococci  from  mixed  culture  and 
especially  from  material  from  patients  like  sputum,  pulmonary 
exudate,,  etc.,  is  injection  into  white  mice.  When  sputum  is  used 
the  sputum  should  be  washed  by  gently  rinsing  in  successive  watch 
glasses  or  pipette  plates  containing  salt  solution  or  broth.  It  can 
be  injected  directly  into  a  white  mouse,  intraperitoncally,  or,  if  very 
stringy  or  dry,  can  be  rubbed  in  a  mortar  ^vith  a  little  broth  before 
injection.  Great  care  must  be  t^ken  not  to  inject  too  much  material. 
The  details  of  this  method  are  given  in  connection  with  clinical 
considerations  in  a  subsequent  paragraph.  If  virulent  pneumococci 
are  present,  death  will  occur  within  24  hours,  or  thereabouts.  Pneu- 
piococei  will  be  found  in  pure  culture  in  the  heart's  blood  and  in 
large  numbers  in  the  peritoneal  exudfite. 

Pneumococcus  Types. — ^Aa  stated  above,  Neufeld  and  Haendel  *• 
in  1010  found  that  pneumococci  were  by  no  means  all-  alike,  sero- 
logically. Although  all  the  true  ptieumococci  have  morphological 
and  cultural  characteristics  which  would  appear  to  classify  them  as 
a  single  species,  it  was  found  that  mthin  this  apparently  homologoun 
group  there  were  eh&vp  serological  differentiations.  Dochez  and 
Gillespie  ^'^  not  only  confirmed  the  work  of  Neufeld  and  Hacndal,  but 
made  a  careful  study  of  pneumococcus  types  as  they  occurred  in 
America,  both  by  agglutination  reactions  and  by  protection  tests  on 
mice.  They  isolated  a  large  number  of  pneumococcus  strains,  and 
immunized  animals  with  them.    The  sera  of  these  animals  were  now 


=*  Neufeld  and  Haendel,  Arb.  a.  d.  k,  G«idht(tamtc,  34,  1910,  293. 
^'Vochcz  and  Gillespie,  Joxir.  of  the  A.  X.  A.,  61,  19t3,  727. 
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examined  for  cros!»-agglutiuation  wilb  th^  various  ati-ams  and  for 
ftheir  protective  powers  on  mice.  It  was  found  tliat  the  pni-umococd 
t"hey  sluiliod  fell  ii'to  vory  slioip  I'lasst'K.  The  surpriKinp  tlnnj?  about 
their  results  is  that  the  distinctions  between  the  t>-p<'«  Hecm  to  Ik*  so 
sliarp  that  very  little  "group"  r«actio»  oovura. 

Their  elnSHifieation,  whieh  has  bven  many  i'unvn  eonliinird  alid 

whieh  may  ha  accepted  us  representing,  in  a  tentative  way,  the  eon- 

[itions  existing  in  the  United  Statea  at  any  rate,  dividi-s  pneumo- 

cocei  into  four  main  type's,  niunlMMcd  accordingly,  1,  11.  III.  and  TV: 

Tyi'cs  I  and  II  are  niurphologically  aiul  culturally  typical  pm-umO; 

cj.)cvi,  ami  rtprfst.'nt  wtll  t- i roll mscri bed  speetes,  sharply  classinahlf  h> 

itbc  fact  that  mcmlifra  of  tyix*  I  a^^glutinatc  only,  and  arc  protected 

tgaiiist  only,  by  tyjK'  1  serum,  and  meuilici-s  of  lypf  II  A^in  tpm*i 

[aimilarly  only  with  lypv  II  scrum.     Tvne  III  rcprcsonls  what  Vay 

[iRtrnicrly    spoken    nf    as    the    Strt.'])toro<Ttis    Alucmus,    hut    whieh    la 

l^n'.'ludcd  ill  thi.-  uneumococci  i>t'causv  of  its  inulin  fermentation,  hile 

ilubilitv.  jnitl  pnThojfcni*'  pntpcrlifs  which  are  quite  snuilar  to  tJmse 

of  the  pucumocoeei. 

By  type  IV  is  meant  a  heterogeneous  group  which  comprises  all  of 

the  true  pneumococci  whieh  cannot  Ik^  serologically  placed  into  the 

rthcr  three  types.     This  fourth  group  is  merely  a  matter  of  eou^- 

[lenience  of  nomenclature^  since  few  of  these  organisms  arc  related  to 

ich  other.    They  repreesut  a  sort  of  attie  into  which  unclassiRahlc 

f|)neumococci  have  been  thrown  for  the  present,  until  they  can  be  sorted 

lout,     Olmstcad  '*  has  studied  a  considerable  number  of  so-called  ty|>e 

IV  organisms,  and  has  found  that  smaller  subgroups  could  be  estab- 

Lshed  by  serological  classitication.    But  so  many  different  subgroups 

^yere  found  that,  for  the  present,  no  practical  results  have  come  out  of 

'4hc8e  attempts  to  systematize  group  IV.  The  difficulties  in  this  group 

ai*e  similar  to   those  encountered  in   connection   with  streptococcus 

yiridans. 

Although  type  II  is  a  very  sharply  defined  variety,  there  are  cer- 
tain subgroups  witliin  type  II,  studied  particularly  by  Avery,**  They 
jonsist  of  atypical  member  of  group  II  which  are  ngglutinatcd  l)y 
.type  II  serum,  with  diminished  intensity.  All  of  them  will  be 
agglutinated  with  the  concentrated  serum,  but  when  dilutions  of  1 
to  20  or  over  are  used,  they  fail  to  agglutinate.  Avery  has  defined 
three  siK-h  subgroups  of  type  II  which  he  calls  smbgroups  Ha,  115, 


n  OlmJfUad,  Jour,  of  Xmmanol.,  2,  1017,  425. 
■  JttfTtf,  Jour,  of  Exper.  Med.,  22,  19 J5.  804. 
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Hiitl  ll-r.  All  of  lh*«<*  HIT  proven  members  of  type  II  because  they  all 
OtfKlulhiaitti  III  i*oiuH*iit rated  type  II  Kenim.  All  but  JIx  are  protected 
iiftulait  li^  typo  11  Mcruru.  Ahiiorptior.  «it  type  II  serum  with  a  type  II 
oi'KtiMlMiu  mmivwt  tbe  untitH>Utf«  for  all  the  subgioups.  Absorption 
iif  Ihif  ttiitlpnounuwoccus  typ^  II  serum  with  any  one  member  of  a 
Mllnrrtiiip  rritioviw  nnly   tho  antibodies  for  that  parlinular  subgroup. 

'riml  Ibi'  lln'04t  NUbtfi'DiipN  aro  Hpocifically  different  from  each  other 
iitid  fiiiin  \y\\ifi  II,  \%  delnrminod  by  Avery  by  the  fact  that  any  given 
MMbtcronp  In  not  itKlftutlnntrd  by  nntisern  made  with  organi.sms  of  the 
iilbi«r  two  t«itb|(i'MU|m  The  Hnmr  i.s  true  of  protection  reactions.  Also, 
Mil  oitit  nf  Ibriit  HluMirbn  the  antibodicH  for  the  other  subgroups  from 
••»rtMn, 

HiibKi'MiipN  "A"  wnd  *'H"  havr  immunity  reactions  identical,  each 
wlUilii  ll«  n»«iptMMivi»  irroup.  Subgroup  IIx,  however,  consists  of  heter- 
«Hrt*HtMMiN  NtrHhiH  III  whicli  c»cb  xlraiii  seems  to  produce  its  character 
|Nllt>  HiillbtHllvH  PtpiHtifle  iiiily  for  Ibe  Htrain  used. 

hi  lidihtlun  lo  thi^ft  (ypt*ii,  there  aro  xmqucstionably  a  number  of 
iilbi  r  l>  |M<N  In  (IKTiTiMit  pMrlji  ttf  the  world.  Thus,  Lister*'  working  in 
Nnulb  A f lien,  ftHiiul  Ibree  hoinogciieouM  types,  A,  B,  C,  his  types  C 
and  H  itorriMtpotidlng  to  type^  I  and  II  of  the  Americau  classification, 
i'i^ii|ieellvel|  J  bU  typo  A  being  not  ho  far  identified  with  any  of  our 
AiHertenii  typi^. 

The*  liiiporlHiieo  of  thia  diwovery  of  the  serological  pucumocoecus 
Mi'iMip  III  Nei-iini  llirnipy  in  obviiuM,  and  its  bearing  on  epidemiology'  is 
dealt  with  III  itnotlier  xeetioii, 

rnwumoooooua  ( itreptooocoua )  Muoonu.— First  definitely  de- 
PMii'lbed  by  llnwfird  find  INrkinn"  in  liHll.  niid  subsequently  carefully 
■ludled  by  Heboitrtiiillei  ,"*  who  isolated  it  from  cases  of  parametritis, 
perltoiillU,  iiieiiihgiliN,  niid  pldebitis.  It  has  since  been  described  by 
liiniiy  an  the  ineitaiit  of  lobar  piieiimnnia  and  of  a  variety  of  other 
leMtoim  mid  a«  often  an  a|»parenlly  tiarmleiis  inhabitant  of  the  normal 
miiu t h.  Mnrpbologieally^  tboiyrl^  allowing  a  marked  tendency  to  form 
cbaliiHj  on  wilid  imuiia.  itjiltuu  HDpears  in  the  ^iplococcns  forn^.  It  i^ 
ipeltwiiul  In  an  extenaivc  capaule.  which  appears  with  much  rcgidarity 
Iftd  i)c rfuatciig'.  Though  very  similar  in  op|)earance,  therefore,  to 
|nutuiu(»encci.  tbcBC  bacteria  do  not  appear  in  the  t>7>ical  lancet  shape. 
lljiun  mUid  media  they  Hhow  a  tendency  to  grow  in  transparent  moist 

•"/.aivr,  Pub.  flouth  African  Inpt.  for  Mod.  Ro».,  1916,  No.  8. 
■Wriwarrf  ftiiil  Perkins,  Jour.  Med.  Rc§.,  IDOl,  N.  8.,  i. 
•  Hvhottmmier,  MOnch.    meJ.  Woch.,  xxi,  1903, 
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masses.  The  regularity  with  which  this  microorganism  ferments 
inuliu  medium,  make  it  probable  that  it  is  more  accurate  to  place  it 
with  the  group  of  pneumococci  than  with  that  of  sti*eptococci.'* 

ftlost  of  the  organisms  of  this  giHJup  show  the  common  charaeter-_ 
,  tatics  of  the  piieumococci  and  arc  soluhlc  in  bile.  Occasional  strains, 
such  as  one  stuilied  by  Dochez  and  Gillc^ipie,  neither  ferment  inuUn 
nor  are  bile  soluble.  Rarely,  too,  does  it  cause  hemolysis.  From  the 
various  studies  carried  out  upon  this  group  it  must  be  concluded  that 
while  perfectly  distinct  in  its  formation  of  a  heavy  mucoid  colony  and 
capsulation,  tliis  group  is  more  closely  related  to  the  pneumococci  than 
to  the  true  streptoeoeci.  As  would  be  expected  from  its  capsulation, 
its  virulence  is  verj'  powerful  and  serum  reactions  arc  not  easily  car- 
ried out.  A  further  discussion  of  the  immune  serum  reactions  with 
this  urpanism  is  included  in  this  chapter,  page  462, 

Resifitance. — On  artiiicial  media,  the  viability  of  the  pneumo- 
tjoccus  is  not  yreat.  Cultures  upon  agar  or  bouillon  should  be  trans- 
planted every  third  or  fourth  day,  if  the  cultures  are  kept  within  an 
incubator,  la  all  media  in  which  rapid  acid  formation  takes  place, 
such  as  glucose  media,  the  death  of  cultures  may  occur  more  rapidly. 
In  media  containing  albumin  and  of  a  proper  reaction,  preservation 
for  one  or  even  two  weeks  is  possible.  The  longer  the  particular  race 
has  been  kept  upon  artificial  media,  the  more  profuse  is  its  growth, 
and  the  greater  its  viability,  both  qualities  going  hand  in  hand  with 
dimini.shing  parasitism.  The  length  of  life  may  be  much  increased  by 
preservation  at  low  temperature^  in  the  dark,  and  by  the  exclusion  of 
air.  Tn  calcium  carbonate  broth  and  kept  in  the  ice-chest.  culture_s 
ynay  often  remain  alive  tVr  n^<tnfK^ 

Neufeld  has  succeeded  iu  keeping  pneumococci  alive  and  virulent, 
by  taking  out  the  spleens  of  mice  dead  of  pneumoeoccus  infection  and 
preserving  thcni  in  a  Petri  dish  in  a  desiccator,  in  the  dark  and  cold. 
In  this  way,  the  organisms  can  be  cultivated  from  the  spleen,  and  will 
be  found  virulent  for  longer  periods  than  in  culture  media.  The  best 
way  to  got  such  cultures  back  is  by  injecting  a  suspension  of  the 
desiccated  spleen,  in  broth,  into  a  mouse,  and  recovering  the  pneumo- 
eoccus from  the  heart's  blood. 

In  sputum  the  viability  of  pneumococci  seems  to  exceed  that 
observed  in  culture.    The  studies  of  Guarnieri,"  Bordoni-Uffreduzzi," 

"Hwfi,  Jour.  Kxp..  Med.,  1905;  Buerger,  Cent.  f.  Bakt.,  I,  xli,  190C, 

**  Guarnieri,  Atta  dcUa  B.  Acad.  Med.  di  Roma  iv,  1888. 
^ Pordoni-V^rcdvszi,  Arch.  p.  1.  Se.  med.  xv,  1891. 
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and  others  havo  shown  that  pnenmococci  alowly  dried  in  sputum  may 
rcmaiu  alivu  and  virulent  lor  1  to  4  montlis,  when  protected  from 
light;  and  as  long  as  ninettK'U  days  when  exposed  to  diffused  light  at 
room  tompiTalurc.  Experiments  by  Ottolenghi  ^^  have  confirmed  these 
results;  the  virulence  seems,  in  OlTolejighi's  experiments,  to  have 
become  vonsidtrably  attenuated  before  death  of  the  coeei.  Recent 
studies  by  Wood.***  whose  attention  was  focused  ohiefly  upon  pneumo- 
coccus  viability  in  finely  divided  sputum — in  a  condition  in  which 
inhnlHtidu  trannmisaiou  would  be  possible — have  shown  that  pneumo- 
eocei  surxive  for  only  Hl>out  one  and  one-half  hours,  undor  ordinar>' 
condition^  of  liiyht  and  ti'iupcrature.  Exposed  to  strong  sunlight, 
pncumo<;occi  die  off  within  an  hour. 

Low  temperatures  slightly  above  zciv  arc  conducive  in  the  pro- 
longation of  life  aiid  the  preservation  of  virulence. 

The  resiistanee  of  the  pncumococcua  to  heat  is  low.  52"  C.  deati*oy- 
iuR  it  in  ten  minutes.*'  To  gennieidal  af^ent.s,  carbolic  acid,  bichlorid 
of  mercury,  pcrnumganate  of  potassium,  etc.,  the  pncumococcus  ia 
Beiisitive.  neing  destroyed  by  weak  solutions  after  short  expomyes. 

The  disinfection  of  sputum,  difficult  because  of  the  protective  coat- 
ing of  the  secretions  about  the  bacteria,  has  been  recently  studied  by 
Wadsworth.*^  The  conclusions  reached  by  this  writer  indicate  that 
pneumococci  in  exudates  arc  most  rapidly  destroyed  by  twenty  per 
cent  alcohol,  other  and  stronger  disinfectants  being  less  efficient,  prob- 
ably because  of  slighter  powers  of  diffusion. 

Differentiation  of  Pneumococcus  from  Streptococcus. — Pneumo- 
cocci and  streptococci  which  do  not  differ  in  morphology  from  their 
classic  t>7>cs  can  usually  be  differentiated  from  each  other  and  identi- 
fied by  their  morphological  charactei-s  without  difficulty;  but  it  is 
equally  trui*  that  certain  culturets  uf  tln«e  organisms,  either  at  the  time 
of  their  isolation  or  after  cultivation  on  artifieial  media,  approach  the 
type  of  the  other  so  clost^ly  that  it  may  be  impossible  to  identify  them 
by  their  morphology  alone.  When  such  morphological  variations  occur 
there  are  no  constant  cultural  or  pathogenic  characters  as  yet  dcmou- 
irtrated  wbic-h  distinguish  between  these  organisms. 

This  lack  of  distinct  cultural  differences  between  pneumococci  and 
sireptoeocei  has  not  infrequently  led  to  eoTifusion,  and  that  unccr- 

*  Ottolcf»0hi,  Cent,  t,  Bakt,,  xxv,  IRJJfi. 
•Wood.  Joiir.  Kxp.  ^^l•lT.,  vii,   1905. 
.   •'Strn^hrrrj,  ('mt.  f.  Bakt.,  jsii,  1891. 
*'  Wridixi'Tth.  .Iiitir.  Inf.  DisfftKei*.  ni.  I90G. 
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should  exist  and  mistakes  be  made  in  identificatlou  is  not  sur- 
wutn  one  cousidcrs  the  characters  usuaiiy  depended  upon  to 
dtstiugiiish  pneumococci  from  stn?ptocofci.  Chief  among  these,  as  haa 
just  been  implied,  are  the  morphological  features  which  are,  in  the 
caftf  of  pneumocoeei.  a  slightly  lancet  or  elongated  fonn  rather  than 
the  mopp  typieul  e(H!ens  form  rharaeteristie  of  the  stroptocoeci.  and  an 
arranfirem»*nt  of  such  eocei  in  pairs  rather  than  in  ehuins;  added  to 
these  features  is  the  possession  of  a  more  or  less  well-detincd  eapsiile. 
All  of  these  eharaetera  are  suhje*'t  to  variation  or  may  he  alisent.  Com- 
pared with  the  morphologicnl,  the  cultural  characters  arc  variable  and 
of  minor  imiKirlance.  The  pneunuwoccus  colonies  on  coagulatetl  blood 
aenim  and  on  agar  aiv*  nioiater  and  flatter,  and  the  freshly  isolated 
pneumoe(H>cuK  is  usually  unable  to  develop  readily  or  at  all  on  gelatin 
at  beluw2i2'  C. 

The  distinctness  of  the  capsule  of  the  pneumocoi^eus  in  the  body 
fluiils  of  nmn  and  animuls  and  on  blood  serum,  nulk.  or  serum  agar, 
has  b<*en  /i)']>i mbH  npn»  :i^  tlip  ehief  dJHtin^iishing  and  diagnostic 
fjTjflyHi-ti^r  Nevertheb.'ss.  iTistances  liave  been  rejwrted  of  distinct  ear>- 
sule  formation  by  organisnus  which  had  either  l>een  previously  identi- 
fied a.s  Stn'ploeoceus  i)y{)genes,  or  at  the  time  of  the  isolation  could  not 
be  definitely  identified  a.s  belonging  to  this  group  or  to  tlie  pneumo- 
cocci, bnt  were  considered  intermediate  in  character." 


*  Brief  Deseriptioa  of  Orfpiouuna  Beported  aa  Capiulated  Htroptooocci. — Bordct 
{Bordet,  Ann.  tie  I'ioat.  Pasteur,  1897^  xi,  p.  177),  working  with  au  organiam 
previously  ideutitlod  aa  Strtptocoucua  pyogeDca,  described  svivh  capsule  formation 
occurring  in  tbe  peritoneal  exudate  of  infected  rabbits. 

Schoetr'  (Schuttt,  Cent.  f.  Bakt.,  Kef.  1,  1887,  p.  393)  Diplokokkna  dor 
BnutseuL'he  der  Pferde.  Po«3lfl  and  Nolen's  (Po^U  und  Xolen,  Ford.  d.  Med.,  iv, 
l&d6,  p.  217)  t(t reptticoocua  of  eoDtagioua  pneumonia  of  cattle,  and  capeciaUy 
the  organLsiu  dc^scribed  by  Bonome  {Bnnomef  Ziegler'i  Beit.,  viii,  1890,  p.  377) 
as  StreptocoeiriiB  der  meuin^itis  eerebroapinalis  epidemiea,  may  all  be  looked  upon 
as  organi'it'A  •lifTeiciitiatGd  on  iuseoiire  ffruunds  from  cither  pneumococcua  or 
BtreptocoenuH.  'I'hr  first  two  of  the«<'  orgaiiistnB,  however,  are  itaid  to  be  decolorized 
by  Oram's  u»ctiiod.  and  a«  Hiiei^efited  by  Frodch  and  Kolle  (yrottch  und  KoUc^ 
FltigKc't  *  *  MikrQK>rganiii., "  ii,  1896,  p.  161),  iu  the  case  of  ^huetz'  orgauism 
may  belong  tn  a  ip^oup  intertncfliatii  IxitwecMt  Fracnko)  *h  diploooccus  and  the 
chicken -cholera   ^ruup. 

Tavel  and  Kruinbein  (Tavel  uud  Krumbcw,  Cent.  f.  Bakt.,  xviii,  1895,  p.  547) 
describe  a  stt-cfitfir(Hrii4  with  ii  capHuln,  whii-h  wam  irtolate<l  frnni  a  flmall  abRceaa 
on  the  fin^or  of  a  cliild.  Ca|iflulcfl  were  ul«o  preaent  iu  the  urtillcial  cultures. 
ajDd  aJthuiiKh  unimiLrUy  rcniaiiiiuj^  iiiiiNilurcd,  (wuld  hv  vtained  by  Loeffler'a 
fhtgiUa  ataiu.  Thin  orfianifiiii  wu«  Hiiid  to  Im  difTerenlintfit  from  Frapukel'a 
diplococruj*  and  ntmi   in   general   front  ftlrcptococoua   (pyogenpK)    by  a   rajiid  and 
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There  are  occasions,  then,  both  within  the  animal  body  and  in  arti- 
fieial  cultivations,   when   it   is  practically   impossible  to  distinguish 

rich  grovrth  on  golatlxi,  agar,  and  potato.  A  pellicle  was  formed  on  broth.  The 
organisms  forming  thi£  poUicIe  had  capsules,  but  those  in  the  deeper  portions 
of  the  broth  gcnc?ra!Iy  la<:ked  it. 

In  1897  Binaohi  (Binntcbi.  Cent.  f.  Bakt.,  xxiif  1897,  p.  273)  dcscrilxHl  a 
capaulatod  stroptoeoccua  isolntPil  from  a  guinea-pif^  dead  of  n  Rpontnncoue  peri- 
bronchitis and  multiple  tiulmonary  abscesses.  In  the  pus  were  found  some  diplo* 
cocci  and  short  chains  (four  to  six)  iturrouud^d  by  a  cupaule,  »howu  by  staining 
with  carbol  fut'b«iin.     This  organism  he  proposeft  to  call  Stroplococcua  capsulatus. 

Le  Roy  dea  Burrcs  and  Weinberg  in  1S99  (Le  Boy  des  Barres  et  Weinberp, 
Arch.  d.  m#d.  exp^r.,  xi,  1899,  p.  399)  published  an  account  of  a  streptococcus 
with  a  capsule.  Thia  was  isolated  from  a  man  vho  ha*!  apparently  been  infected 
frum  a  bonH*  which  hail  dietl  of  au  acute  intestinal  disorder.  The  patient  neglected 
the  infection  and  died.  Diplococci  and  short  chains  furnished  with  a  capsule 
were  found  in  the  subcutaneous  tissue  at  the  area  of  infection.  The  blood,  liver, 
and  spleen  also  contained  these  organisms.  The  upaule  in  all  the  preparationa 
remained  nncolored,  but.  the  authors  say  that  its  existence  was  not  to  be  doubted. 
Ascitic  broth  inoculated  from  the  peritoneal  exudate  of  a  rabbit  dying  from  the 
infection  gave  streptococci  in  extremely  long  chains  and  surruunded  by  capsules. 
These  were  not  so  distinct  as  in  tlw  case  of  the  organiams  in  the  original  smear 
prcparatiuns.  All  fluid  media  (bouillon,  milk,  and  ascitic  broth)  were  said  to 
l>e  Htrongly  acid  after  twenty-four  hours.  These  aufliors  reprvrt  that  Achnrd  and 
Marmorek  have  nnitured  them  that  they  have  seen  capsutated  streptococci,  and 
that  Mnrniurc'k  nhowed  thc-*m  some  preparations  in  which  one  of  his  streptococci 
presented  the  same  characlers  as  that  isolated  by  them. 

Although  tiO  Boy  des  Barres  and  Weinberg  have  used  the  term  encapsulated, 
ihoy  believe  that  It  would  perhaps  be  more  prudent  to  call  their  organism  strepto- 
coqite  aureole,  pince  lliey  wci-e  n<.(t  able  to  define  this  capsule  by  staining  it. 

Howard  and  Perkiini  (FToword  and  Ptrkitui,  Jour.  Med.  Res.,  1901,  iv,  p.  163) 
have  lately  descrilied  an  organism,  probably  of  the  foregoing  type,  which  was 
present  in  a  tulMi-ovarian  alisoi*Hii  and  in  the  (>eritrrneal  exudate,  the  blood,  and 
iiome  of  Ihfl  organs  of  a  woman  dying  in  the  Lnkt^side  Hospital,  Cleveland,  Ohio. 
The  orgnnisniH  were  bisruitnlmiH>d  poc4*i  in  pairs,  usually  arranged  in  chains  of 
four,  six,  eight,  or  twenty  elements,  and  surrounded  by  a  wide  and  sharply 
staining  capsule.  In  the  artificial  cultnros  special  capsule  stains,  it  was  noted, 
failed  to  stain  any  deflnite  area,  but  numerous  small  deeply  stained  granules 
were  to  be  e<H'n  within  the  halu,  csimh- tally  near  its  outer  border.  Howard  and 
Perkins  propose  for  the  group  ootn|>i>seil  of  (he  *(ireptoeocci  of  Bonome,  Binaghi, 
and  their  own  organism,  the  name  Streptococcus  mncosus.  Streptococci  isolate^l 
fn»m  rnw«  vf  epidemic  surethrout   have  also  nhown  capNules    (p.  421). 

Reference  to  the  original  dcsctiptions  of  these  various  capsulated  streptococci 
will  show  that,  with  the  exception  of  n  rather  poorly  staining  capsule,  the 
majority  of  these  organisms  are  separated  from  the  typical  Streptococcus  pyogenes 
or  from  tho  pnrnmococcUH  by  exceedingly  Alight  and  nnatabte  morphological  and 
eultnrnl  characters.  This  is  tme  of  the  difference  in  their  pathogenic  action 
in  RniinaU. 
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definitely  between  some  races  of  pneumococci  and  races  of  streptococci. 
This  difficulty  is  especially  heightened  when  the  pneumococcus  has 
become  uon-virulent,  and  at  the  same  time  no  very  typical  morphology 
or  capsule  formation  w  to  be  determined  and  a  tendency  to  chain- 
formation  is  mnrkf-d.  Cultures  of  pneumocwfi  in  such  condition  can- 
not readily  be  distinguished  morphologically  from  streptococcus  cul- 
tnres. 

Under  these  circumstances  reooui'se  must  be  had  to  a  careful  bio- 
logical study  of  the  organism  in  question.  The  following  are  the 
criteria  mainly  relied  upon  at  present  for  the  differentiation  of  these 
two  groups. 

Pneumococci  ferment  inulin,  if  cultivated  in  inuiin-serum-water 
mpflium.  Acid  formation  from  the  inulin  results  within  two  days  or 
more  in  eoaynlHtinn  nf  thp  HPnim  anH  rRfidpning  of  the  litmtLs.  Strep- 
toeoet^i^  |i<*n«iiQn  »f  tiipit*  innhiliiy  tn  attack  thc  inulini  leave  the 
medium  unehangod.** 

Cultivated  on  whole-blood-agar,  streptococci  usually  cause  hemoly- 
sis, pneumococci  usually  do  nQt.*°  In  contradistinction  to  Strepto- 
coceus  viridans  which  does  not  hemolyzc,  pneumococci  have  a  tendency 
on  these  media  to  form  the  black,  dry,  paint-blister  colonies.** 

Neufeld,*'  in  1900,  noticed  that  normal  rabbits'  bile  added  in  quan- 
tities of  0.1  c.c.  to  each  one  or  two  cubic  centimeters  of  a  pneumococcus 
broth  culture  caused  lysis  of  the  hnntpria,  rpnHpring  thp  culture  fluid 
transparent  and  «*lear.  This  dovs  not  occur  with  streptococci,  and  has 
been  used  to  differentiate  the  two  species.  According  to  Libman  and 
Rosenthal,*"  great  reliance  may  be  placed  upon  this  method. 

The  most  convenient  reagent  for  use  in  the  Neufeld  bile  test  is  a 
10  per  cent  solution  of  sodium  taurocholate  in  physiological  salt  solu- 
tion. This  should  be  sterilized  or  kept  on  ice.  One-tenth  volume  of 
such  a  solution  produces  prompt  Ij'sis  in  a  broth  culture  of  pneumo- 
cocci. 

Decisive  differential  importance  may  be  attached  to  the  agglutina- 
tions of  these  microorganisms  in  immune  sera  (see  p.  4C2). 

The  permanency  of  the  various  types  in  the  pneumococcus-strepto- 


"ffiw,  Cent,  r  Bakt.,  xxt\,  1902;  Jour.  Eip.  Med.,  vi,  1905, 

*  SchottmuUer,  Miinch.  mo<].  Wo<'h. 

•fl«*,  Jour.  Exp.  Med.,  vii,  1905. 

*A"rti/eW,  Zeit.  f.  Hrg;.,   1901. 

^Libman  and  Sosenthal,  Proc.  N.  T.  Path.  Boe.,  M»rcli|  1908. 
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tioeruK  group  is  slilJ  o|wii  to  inastioii.  K.  C  RoHcnow  *"  has  recently 
rttpurtcd  ihat  Itc  hoA  truusiuutcd  typicul  pucuiuueucci  iuto  typieivl 
hemolytic  »lrcptoi!f)cci  by  methods  wMch  he  has  not  hh  yd  fully 
described,  but  amoii^:  whieh  were  aninuii  pHssa^i',  tj:row1h  in  j»yinhiosiM 
with  baeiliiM  subliliK.  awd  growth  in  }ut  atHHmptierc  of  oxyK^u.  Tlie 
pn(Mniio4;occi  wht'ti  first  alleriHl  look  oil  tlio  churuct eristics  o£  the 
stn'ploeoreus  viridmis,  later  of  the  so-euUed  streptoeoeeus  rheutiuitieutt, 
ajid  finally  ot  sti'eptoeoceas  Iiemolytieus,  Together  willi  cultural 
chnraeteriiitties  tlie  pulht)genirity  of  theHe  various  straius  for  rabbits 
ohangod.  The  pneumot-'occus  pro^luced  aeute  sR'psis.  the  strepto<'Ooeu.'ii 
viridans  caused  riulocarditis.  \\iv  streptoeoocus  rhcunialieas  peri- 
artirubir  or  serous  arthritis,  and  hemolytiruw  suppurative  arthritis, 
hi  intenne<Uate  Mtngu  the  organisma  quite  regularly  caused  niyoKitiy. 
Although  he  was  abh-  to  tninHmute  these  types  one  inlt»  the  other  tn 
both  direetiotw,  RoKenow  beli'*v*'s  that  the  cultural  fharaclerLsticfi  of 
each  type  correspond  to  a  fairly  definite  type  of  pathogenicity  in  aui- 
mals  ajui  man.  ThLs  work  \n\s  not  aa  yel  appeared  in  detiiil  and  hfts 
ntil  be*ni  conlirnii'd. 

Toxic  Products  of  the  Pneumoooocus. — Our  knowledge  of  pneu- 
moeoeeus  fMjisons  is  still  vtTv  imperfect.  Attempts  to  obtain  soluble 
toxins  by  the  filtration  uf  eulturi's  have  l»c«n  practically  no.suc<!exsful. 
0.  and  F.  Klemperer,"  Mennefi,'^^  Pane,"  Foa  and  ('arlwne,"  and 
others  failed  to  obtain  i)ncumo(!oceus  (iltrates  of  any  degno  of  toxicity, 
though  Wi»rking  with  highly  viruUnl  strains,  Tbv  fvelde  toxin  j*0 
nhtained  produced  no  antitoxin. 

Tlw  '  soluble  poison    i 

gives  w     .,  ,;;,,■  ic.'^t  nntcnt  1^ 

pneuniocoeci  are  in  the  natun*  of  eo'i 
oell-bodies   themselves.,    Thi-s   asHunipUun   is  iMjruc  out    1»> 


'iltureH, 
;ii('ls  of 

i  to  the 
I  he   more 


nxtont  experiments  of  Maefndyen/*  This  author  obtained  acutely 
poisonous  substances  from  pneumococci  by  trituration  of  the  organ- 
iams  after  freezing,  and  extracting  them  with  a  one  1:1,000  caustic 
IH>tash  solution.  Willi  the  filtratea  of  theae  extracts  he  was  able  to 
oause  rapid  death  in  rabbits  and  guinea-pigs  by  the  use  of  doses  not 


•BojM^nov.  J.  A.  M.  A.,  1913,  Ui,  2007. 

**<;.  nod  y.  Klempcrer,  Borl.  Itlin.  AVncb.,  nxSv  sod  xutv,  1891. 

**Mennr9,  Zcit.  f.  Hyg.^  xxv,  1897. 

"Pflit/',  Rif  ntP.I.,  xti,  1R9K. 

"Foa  mid  Carhove.  CtMit.  f.  Hakt.,  x,  Jfl»9. 

•*  Mtu^fnduni,  Bril.  M«d.  Jyur..  ii,  1D06. 
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ig  0.5  to  1  c.c.  He  found,  furthermore,  a  striking  parallelism. 
betweeu  the  degree  of  tuxicily  and  the  virukuce  of  the  extracted  eul- 
lure.  Cole,*'  loo,  in  reeent  studio*,  iucliiies  to  tLe  belief  that  the 
potftons  of  the  pueiunoeoc'cus  are  in  the  nature  of  endotoxins  and  haa 
produced  toxic  tnibNtances  by  salt  solution  and  bile  extraction  of  the 
orgauisQts, 

Cole"  states  that  when  the  cells  of  piienmocoeci  arc  dissolved  with 
hi"  '  the  aolntiou  Un'oiiU'-s  heinolvtif  and  toxic.  This  lu'niolytic 
>i:  is  t*asil\    destroyt'd  by  ht-at,  by  trypiic  digestion,  and  ia 

partially  lust  in  tiltration  through  Berkefeld  filters.  He  believes  that 
there  is  some  relatioiuship  between  the  vindence  of  the  orguiiiti^nLs  and 
these  sul>stttiic<a*.  An  interesting  fact,  furthermore,  is  that  the  <'holes- 
trin  inhibits  sueh  toxie  effects,  but  anti-pueumoeoecus  serum  la  only 
partially  iffeetive.  Cole  diffen-ntiates  this  endfwellular  hemotoxiu 
from  another  sul>stanee  that  converts  hemoglobin  into  melhemo- 
xlobin.  The  latter  substanee  is  prrduced  only  by  the  living  eeJls,  and 
depends  upon  the  presence  of  oxygen. 

In  addition  to  theate  ^uli^tances,  there  are  very  soluble  materials 
that  a]>])car  in  culture  media  in  which  the  pneumoeoecuH  is  grown, 
during  the  life  of  the  organisms,  and  which  can  be  detected  by  specific 
preiipitin  reactions.  These  sulistanccs,  as  we  shall  ace,  Imve  been 
found  by  Avery  and  Dochez  ^'  to  be  pi^esent  in  the  blood  and  urine  of 
pneumonia  patients.  It  is  questionable  whether  or  not  they  exert 
toxic  nction  in  th*^  infet'ted  bn<ly. 

Virulence  and  Pathogenicity. — The  \ii'ulence  of  pneumoeoeci  is 
jubject  to  mucii  variation,  depending  upori  tlie  length  of  time  during 

under  conditions  sueh  as  those  prevailing  in  dried  sputum  or  blood 
the  \irulenee  of  pueiunocoeei  may  be  preserved  for  several  weeks. 
Ordinarily,  the  ^'ir^]ence  diminishes  as  the  eoeci  adapt  themselves 
to  life  upon  artificial  media.  I'pon  media  containing  animal  albumin, 
sucli  as  ascitic  flui<i  or  blood  agar^  this  attenuation  is  less  rapid  than 
up<3n  the  simple  meat-infusion  preparations. 

The  maintenance  of  virulence,  according  to  Kirkbride,"  is  greatly 
aided  by  making  transfers  from  broth  to  broth  at  intervals  not 


^CoU,  Harvey  Lecture,  N.  V.,  Dec.,  1913. 
''Cole,  Jour,  of  Exper.  Med.,  IC,  1912,  644. 

"Avery  and  Dovhez,  Putc..  ftoc.  Exper.  Med.  and  Biol.,  14,  1010,  188, 
*•  Kirlhridr,  Pwper  rt'ad  before  the  Amor.  A6ai>c  PatUo!.  ftiid  Bactcr.,   New 
York,  April,  1937. 
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longer  than  eight  hourj*.  Appurciitly  cultures  grown  for  as  long 
OH  twenty-four  hours  diminish  in  virulence  much  more  rapidly.  To 
»ome  extent  this  olmervation  is  in  keeping  with  Chesney  V  ntate- 
xnent  that  growth  is  best  obtained  when  the  transfem  are  made  from 
broth  at  the  period  of  maximum  growth  rate. 

Swift  lias  recently  succeeded  in  keeping  organisma  of  the  pneu- 
moeoccus  and  streptococcuH  varieties  alive  aud  virulent  for  a  long 
time  by  ctnlnfugatiiig  ))rotI»  cultures,  taking  off  the  aupernalant 
fluid,  and  drying  the  rewidue  in  a  frozen  eondition  in  tvic::*?.  This 
material  can  he  kept  for  a  very  long  time  Mnthout  death  of  Iho 
bacteria,  and  M'ithout  appreciable  loss  of  vinilcncc. 

Ill  til.*  I.i.H.,1  of  rnhtiits  dead  of  a  pncutuococeus  infection,  taken 
direct! ;  ■■riliKcci  tuhes,  sealed  aud  kept  in  the  dark,  Foa""  has 

been  a  bio  to  preserve  thy  virulence  of  paeumococoi  for  as  long  as 
forty-five  tlav8^  Preservation  iji  tl»e  nplcen  of  animals  dead  of  pneu- 
mococcuR  infection,  as  practiced  by  Neufeld,  has  been  mentioned 
above.  Whether  or  not  the  virulence  of  i)neumocoeci  is  ntlenuatcd 
or  enhanced  by  bojourn  within  the  human  body  during  diaease  is 
uncertain.  The  attenuation  of  virulent  pneiimococci  on  artificial 
media  may  be  hastened,  according  lo  Friinkel.*'  by  cultivation  of 
the  organism  at  or  above  a  temperature  of  41°  G. 

The  virulence  of  attenuated  cultures  may  be  rapidly  enhanced 
by  passage  of  the  organisms  through  the  bodies  of  susceptible^ 
auimaK  The  virulence  of  strains  may  be  so  enhanced  that  one 
one-millionth  of  a  e.e.  will  kill  a  mouse. 

Among  the  domestic  animals  white  mice  and  rabbits  arc  most 
susceptible,  fruinea-pigs,  dogs,  rats,  and  eats  are  much  more  resis- 
tant. r>uinoa-pigs  can  he  given  astonishingly  large  doses  of  pneu- 
mococei  without  injury.  Birds  arc  practically  immune.  Kyes  who 
has  studied  pneun»ococeus  infection  in  birds  particularly  has  show^ 
that  the  fixed  tissue  cells  of  the  liver,  spleen  and  lungs  destroy  the 
organisms  by  prompt  and  effective  phagocytosis.  His  attempts  at 
treating  pneumonia  with  immune  chicken  scrum,  suggested  by  these 
obsen'ations.  \vi\\  be  referred  to  below. 

The  results  of  pneiunococcus  inoculation  into  susceptible  animals 
vary  according  to  the  size  of  the  dose,  the  virulence  of  the  introduced 
bacteria,  the  mode  of  administration,  and  the  susceptibility  of  the 


•■tW*»(r.v,  Jour,  of  Exper.  Med.,  S4,  1916,  387. 
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subject  of  the  inoculation.  Subcutaneous  inoculation  of  virulent 
pucumoeocci  into  uiice  and  rabbits  usually  results  iu  an  edematous 
exudation  at  the  point  of  inoculation,  which  leads  to  septicemia  and 
death  within  twenty-four  to  soventy-two  or  moro  hours.  AVIien  the 
dose  has  been  extremely  small  or  the  culture  unusually  attenuated, 
a  localized  abscess  may  he  the  only  result.  Intravenous  inoculation 
ifl  usually  more  rapidly  fatal  in  these  animals  thnn  the  subrutaneous 
method.  Intraperituneal  inoculation  in  rabbits  results  in  the  forma- 
tion of  a  rapidly  spreading  peritonitis  in  which  the  exudates  are  apt 
to  be  accompanied  by  a  deposit  of  tibrin,  and  to  lack  the  transparent 
red  color  so  often  caused  by  the  hemolyzing  streptococci.  With 
very  \'irident  strains,  these  differences  arc  less  marked.  In  almost 
all  of  these  infections  death  is  preceded  by  septicemia  and  the  micro- 
organismH  can  be  recovered  from  the  heart 's  blood  of  the  vietims. 

The  production  in  animals  of  lesions  comparable  to  the  lobar 
pneumonia  of  human  subjeets  has  long  been  the  aim  of  many  in- 
vestigators. Wadsworth,**  recognizing  that  such  lesions  probably 
depended  upon  the  partial  immunity  which  enabled  the  infected 
subjects  to  localize  the  pneumococcus  processes  in  the  lungs  after 
infection  by  way  of  the  respiratory  passages,  succeeded  in  producing 
typical  lobar  pneumonia  in  rabbits  by  partially  immunizing  these 
animals  and  inoculating  them  intralracheally  ^vith  pneumoeocci  of 
varying  virulence.  liSmar  and  Meltzer"  produced  lobar  pneumonia 
in  dogs  in  1912  by  injecting  cultures  in  the  bronchi  and  blowing 
them  into  the  finer  bronchioles  with  air.  Similar  experiments  have 
been  made  by  Winternitz  and  HirschfeUler."* 

The  most  striking  parallelism  between  expenmental  animal  in- 
f(»etion  and  pneumonia  as  it  oeeii?-s  in  man  has  recently  been  obtained 
by  Cecil  and  Blake.  Using  Macaccus  and  other  species  of  monkey, 
they  injected  small  amounts.  0.1  to  0.2  c.c.  of  virulent  pneumococcus 
cultures  directly  into  the  trachea  of  these  animals,  and,  after  an 
incubation  time  of  a  day  or  slightly  longer,  they  obtained  t>-pical 
lobar  pneumonias.    This  work  will  be  further  spoken  of  Im*1ow. 


■  Wad9«<*rth,  Amer.  Jottr.  Med.  Bci.,  May,  1904. 

■  Lamar  anit  Affltztr,  Joiir.  Kxp.  Med.,  xv.  W12. 

•*  Winternitz  and  Hirjtchfeldtr,  Joar.  Exp.  Med.,  xvii,  1913, 
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tojqwnt  lesion  produced  by  the  pneiimocopoun 
iVbout  DO  per  cent  of  all  onses  of  this 
Igr  Ibe  ptipiimofoc'cus,  the  rcinaiiul)*!'  lH>ing  duo 
A  itdOinttt  l«icilli,  and  otlur  opffaiiisnis,  the  relative 
mI  vftkiek,  in  thin  disease  has  been  ^vcn  in  an  earlier 
Oteptcr.    The  ivlalive  freqneney  of  the  various  pneu- 
ty^^  itt  lobar  pneumonia  in  and  alwut  New  York  is  given 
by  At^fT.  CMckering,  Cole  and  Dochez,*"  from  whose 
%W  MWwiKiir  l«ble  is  taken. 


KAKkUt  >.|NVinKNOK  OF  TYPES  OF  PNEUMOCOCCIT8  IN  LOBAR 

PNEUMONIA 


f  .  .. 
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iUW  uU\v  may  ho  contrasted  with  the  followinir,  also  the  result 
wV  »iurk  b>  the  above  named  authors,  uhieh  sfious  the  distnbution 
Mki  tK\^  dilTvn.*nt  types  in  the  mouths  of  nornml  individuals,  a  point 
x-  !N  I'tmsiderable  iniportuiier  in  coinuTtion  with  the  problem 

K*.  ^....::.iitTtion  with  which  we  will  deiil  in  jricalir  detail  in  spfrtkinR 
^(  (Kv  o|\idi*iuiotoKy  of  the  discas<'. 

Thvrt'  has  breii  a  ^reat  deal  of  diseussiori  coneerninff  tlu*  route 
l^v  which  iiifi'ction  of  the  lung  comes  about  after  the  pnciinKicoeeus 
lUfcM  vnlorcd  a  susceptible  subject.  The  difficultinf  experienced  by 
m^wy  observers  in  infecting  animals  by  direct  instillation  of  pneu- 
MivKHK*ri  into  the  lun^,  have  inclined  many  ohacrvors  to  a.ssumc  that 
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in  most  pncrnnopias  infection  of  the  blood,  or  baoteriemia,  precedes 
pulmonary  IfxJgment.  .The  recent  experiments  of  Blake  and  Cecil,"* 
however,  have,  it  seems  to  ua,  shown  pretty  definitely  that  the  failure 
of  other  obsei-vers  to  produce  direct  infection  of  the  lungH  expuri- 
mcnally,  were  cUir  very  largely  tu  failure  to  rhoostf  the  moat  favor- 
able animals  for  this  purpose,  and,  therefore,  failing  to  obtain  the 
hglance  between  pathogenioity  of  the  orga»isni  and  resist anee  of 
the  subject  which  is  necessflj'Y  to  tioterminp  t^'**  irwali/^tlun  gf  \\^ 
pneumococei  in  the  pulmonary  alveola. 

f  TABLE  3— DISTHIHUTION  OF  DIKKKHKNT  TYPE8  OF  PNEUMOCCOCU8 
IX  MOUTHS  OF  NORMAL  PKRiJONS  • 


Typ«  of  f*aetisK>«oo(ruft 


I 
II 
III 

nh 
lu 

III 


Incioxnck 


No. 


I 
0 
1 
7 
13 
M 


Ph-CodL 


OR 
0  0 
0.8 

S  8 

II. e 

28  I 

.V2  0 


Pneumococcua  present 
Pncumococcus  abecut. 


116 

181 
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Blake  and  Cecil  succeeded  in  producing  various  types  of  pneu- 
monias in  the  lower  monkeys  (Macae.cus  Syrichtus,  etc.)  by  injecting 
small  amounts  of  virulent  orgauisms  directly  into  the  trachea  %vith 
a  fine  needle.  When  they  injected  0.1  c.c.  of  an  eighteen-hour  broth 
culture  of  vinduut  pneumococcus  they  usually  ubtaiueil  definite 
s>'mptoms  within  twenty-four  hours,  at  which  time  the  monkeys 
showed  rapid  respiration  and  positive  blond  eultiu'es.  Sueli  monkeys 
often  died  within  eight  to  twelvu  days,  Avith  typical  pueiimonic 
autopsy  findings,  often  with  actual  fibrinous  pleurisy  and  the  clas- 
sical anatomical  changes  of  human  pneumonia.  Theso  experiments 
seem  tu  represent  a  fairly  accurate  analogj'  to  the  human  disease. 


^ Blake  sad  CecU,  Jour,  Kxper.  Med.,  :t1,  1920,  403,  455,  JSPfi,  518,  057,  ASS; 
Jour.  Kxper.  xMcl..  32,  1920,  3.  and  401. 
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Winteniitz,  Smith  and  Robinaon*'  have,  however,  recently  sug- 
gested another  possibility.  They  have  called  attention  to  the  faet 
that  there  is  a  rich  plexus  of  lymphatics  about  the  trachea,  within 
the  Kuhmucosa.  They  believe  that  the  nature  of  the  tracheal  and 
))ronehial  submucosa,  with  ita  ciliated  mucous  epithelium,  renders 
it  extremely  difficult  for  bacteria  and  other  materials  to  reach  the 
lunpr  by  this  open  route  under  normal  conditions,  and  call  attention 
to  the  great  diflficulty  which  has  Ix-en  encountered  in  attempts  to 
produce  disease  by  mere  inhalation  without  puhnonary  irritation 
or  injury  of  the  respiratory  tract.  Their  idea  is  that  infection  of 
the  lung  is  accomplished  by  the  entrance  of  the  bacteria  into  the 
lymphatics  surrounding  the  trachea  through  some  injury  to  the 
mucosa  and  are  then  afforded  a  direct  path  for  infection.  In  experi- 
mental work  either  the  infeeting  needle  or  the  catheter  may  prtHluco 
preliminary  injury  and  lymphatic  inoculation.  They  support  their 
contention  by  inoculating  rabbits  both  by  tracheal  injection  with 
a  needle,  and  by  catheters,  and  finding  in  successful  infections  that 
the  lymphatics  referred  to  were  involved. 

According  to  Cole,""  when  pneumonia  is  secondary  to  septicemia 
it  is  usually  of  tne  lomuar  tvpe~  Experiments  of  Meltzer  seem  to 
inflieate  that  infection  is  facilitated  by  closure  of  the  small  brou- 
chioles,  and  cold  or  chilling  may  possibly  stimidate  the  mucous 
glands  so  as  to  plug  these. 

In  the  coui-se  of  the  development  of  pneumonia  the  infeeting 
organisms  arc,  of  course,  located  in  the  pulmonary  alveolae  and  the 
smalU'r  lironchioles,  and  appear  in  the  sputum.  Since  the  possibility 
of  specific  serum  therapy  which  will  be  dealt  with  in  detail  below 
have  made  it  desirable  not  only  to  determine  wbether  the  disease 
is  caused  by  the  pneumococcus,  but  also  have  necessitated  our 
knowing  which  particular  t>'pe  is  responsible  in  the  individual  ease, 
all  ptieamnnin  onscs  should  be  typed  whenever  possible. 

Typing  from  Sputtun.— A  t<'<'hnique  for  this  has  been  developed 
by  the  workers  mentioned  above  and  the  technique  of  Dochez  and 
Avery,  with  no  essential  changes,  but  a  few  additional  remarks, 
is  as  follows:  Since  it  is  irapoiiant  not  to  confuse  the  lung  invader 
with  adventitious  pneumococci  present  in  the  mouth,  the  collection 
of  the  sputum  is  an  important  part  of  the  technique.    Failure  to 


W^twmitg,  Smiik  ana  JToMujoii.  Bui!.  Johns  Hopkina  HoRp..  31,  1920,  83. 
CoU,  lUrvoy  Lecture,  Xew  York,  Dc€.  IS,  ldl3. 
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:efcbe  care  in  tins  respect  has  lead  t4)  many  Type  IV  reports 
when  the  pneumonia  was  actually  caused  by  I,  11^  or  ITI.  The 
special  sputum  for  typing  should  be  eollected  iii  a  separate  cup, 
^nd  not  in  the  general  sputum  cup  into  which  the  patient  has  been 
Spitting  all  day.  The  patient  should  rinse  his  mouth  thorouyhly 
with  salt  solution,  bicarbonate  of  soda  solution,  or  perhaps  wealt 
alcohol,  and  a  specimen  of  sputuui  should  be  immediately  obtained 
by  coughing.  It  is  collected  in  a  sterile  Petri  dish  or  clean  cup, 
and  should  not  be  allowed  to  stand  around  in  the  ward  for  any 
'length  ot  lime,  bui  should  be  sent  to  the  Ia>>oratory,  or  storedTn 
the  iee  cheat, 

A  Oram  stain  should  be  made  of  the  sinitiim  as  a  preliminary 
survey.    A  capsule  stain  may  also  bo  made  witli  advantage. 

In  the  rare  cases  in  which  mice  are  not  available,  the  sputum 
sliould  bo  plated  upon  blood  agar  plates  for  sulwequent  agglutination 
or  single  colonies  by  the  nncrosoopie  method.  Hut  this  is  not  de- 
sirable, and  mice  can  usually  be  i)rocured.  We  have  found  gray 
mice  quite  as  suitable  as  white  mice*  and  in  outlying  laboratories 
an  extensive  use  of  mouse  traps  will  solve  the  problem. 

As  soon  as  the  sputum  has  been  received  in  the  laboratory  it 
should  be  washed.  A  small  bit  of  sputum,  preferably  from  the 
center  of  a  clump,  is  lifted  with  a  platiniim  needle  into  three  or 
four  Petri  dishes  containing  sterile  salt  solution  or  broth,  and  gently 
swabbed  about.  Tlio  thorough  washing  is  extremely  important  for 
clean-cut  results.  Some  times  the  sputum  can  be  directly  sucked 
up  into  a  sterile  syringe.  If  this  cannot  be  done,  it  should  be  ground 
in  a  sterile  mortar  with  about  1  to  2  e.c.  of  sterile  broth  or  salt 
solution  added  gradually.  About  0.5  c.c.  of  this  is  intraperitoueally 
injected  into  a  mouse.  Great  care  should  be  exercised  not  to  inject 
^00  much  since  massive  inoculation  may  give  contaminating  organ- 
isms a  chance,  and  many  mice  have  been  wasted  in  this  way.  In 
the  mouse  the  pneumocoeeus,  if  virulent,  outgrows  most  other  or- 
ganisms. However,  oeeasionally  mice  Avill  die  of  streptococcus 
infection  and  may  show  streptococcus,  influenza  and  occasionally 
staph ylocoo ens  infection,  but  this  is  relatively  iufreijuent. 

The  mouse  will  appear  wry  sick  or  die  between  ten  and  twenty- 
four  hours.  When  the  mouse  is  either  in  extremis  or  dead  it  should 
be  immediately  autopsied. 

Pin  the  mouse  down  on  &  small  board,  carefully  dissect  off  the 
skin  and,  with  sterile  instruments,  open  the  pentoneum. 
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Make  a  smear  of  the  peritoneal  exudate  and  stain  by  Gram.  If 
the  pnciunococcus  ia  pure  in  the  peritoneiuu  uash  out  the  peritoneal 
exudate  with  a  small  nipple  pipette,  with  aljout  3  or  4  c.c.  of  sterile 
suit  snlutif^n  into  a  eentrifuge  tube.  Make  a  smear  from  the  heart's 
blood  and  also  tak^'  a  eulture  on  a  blood  agar  slant  from  the  heart's 
blood  with  sterile  iiiatruinents. 

Centrifuge  the  exudate  previously  removed  gently  at  low  speed 
for  a  few  moments  to  throw  down  leueoeytes  and  larger  partieles. 
Remove  the  turbid  supernatant  fluid  wlueh  should  have  iJie  maxi- 
mum turbidity  of  a  well  grown  broth  culture  of  pneumoeocci,  into 
anotht'r  cfntrifugr  tube  and  throw  down  the  organisms  at  Idgh 
speed.  ResiLspend  the  sediment  in  enough  aalt  solution  to  give  a 
turbid  suspension  of  proper  coneentratioii  for  agglutination  reac- 
tions. Witli  this  material  agglutinations  are  set  up  in  Kmal)  tubes 
as  follows:  The  t«ble  presents  the  routine  method  advised  by  the 
workers  mentioned  above. 


TABLE  1— DETERMINATION  OF  PNEUMOCOCCU8  TYPES  BY 
AGGLUTINATION"^ 


rneumoroeciu. 
SiupeiwIoD,  0.5  e.t> 

Serum  I 
11  :20) 
0.6  a.Q. 

Scrum  11 

(UttdilauU) 

0^  c.c. 

Scruoi     11 
(1   :  20) 
0,5  a  c 

Serum  III 

(1:5) 
0.5  CO. 

Tvoe  I . .                                     

+4- 

■    • 

Tnwn,                    .< 

n..4'+     ■' 

'        +  + 

— 

Stib-icroup»  H"j  *»»  J                  

— 

+ 

— 

^ 

Type  III 

- 

— 

— 

+  + 

Type  IV 

— 

"■ 

— 

— 

Inciibfition  for  1  hour  at  37*  C. 

Cireumstanccs  may  arise,  as  in  the  reeent  war,  where  it  has 
•en  praetieally  impossible  to  obtain  enough  miee  to  earry  <»ut  the 
above  technique  in  all  cases.  In  surh  cases  we  ourselves  have  ot'tea 
successfully  typed  from  colonies  grown  on  blood  agar  plates  by 
mieroscopie  methods,  in  the  UJisueeessful  eases  having  typed  subse- 
quently from  blood  cultures,  Avery  lias  recently  advised  the  use 
of  a  medium  in  which  tlie  pnemnococciis  is  apt  to  outgrow  other 
irganisms.    It  depends  upon  the  use  of  the  following  medium: 

To  9<)  e.e.  of  a  suitable  meat  infusion  broth  of  a  P^  of  7.8,  add 
5  c.c  of  a  sterile  20  per  cent  solution  of  dextrose  to  bring  it  to  a 
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ecKUCBtrfttion  of  1  pw  cent  and  5  cc  of  defibriiiated  rabbit's  blood. 
These  sobtttanees,  steiilCr  must  be  mixed  in  tub^  containing  about 
ce.  each  and  miwt  not  \>p  resrtorilLzed  after  mixture. 

The  sputum  is  \^*ry  tarrfully  washed  in  sterile  salt  solution. 
We  prefer  to  do  the  wanlniiK  for  this  parTieuIar  technique  in  succes- 
sive t«t  tubes  of  sterile  broth.  After  about  three  waahinKs.  the 
^ratom  is  gently  ground  in  the  last  broth  tube  with  a  glass  rod, 
and  alioat  0J>  to  1  cc.  of  this  inoculated  into  tubes  of  the  medium 
given  above.  (Jrowth  is*  ailowe<]  to  take  place  for  from  ^ve  to  eiglit 
houra.  and  when  pncujnc»coeci  have  appeared  in  large  numlMTK  in 
the  supernatant  fluid,  Uie  red  cells  are  thrown  down  by  centrifuga- 
tion,  and  agglutinations  clone  on  the  supernatant  fluid  ns  aliov(\ 

In  all  sueh  typings  it  must  not  be  forgotten  that  agglutination 
reactions  must  be  accompanied  by  a  bile  test  on  the  materials  used  in 
order  to  make  sure  that  the  oi'^anisni  is  a  pneunioc<»ceiia. 

Typing  by  Protection  Experiment. — The  protection  experiment 
is  not  very  practical  for  clinical  use  where  speed  is  reqiu^ed.  It 
is,  however,  important  tliat  the  teebniqne  of  specific  mouse  protec- 
tion should  Ih'  well  knowti  to  the  bacteriologist.  This  technique  will 
be  given  in  greater  detail  in  connection  with  the  determination  of 
the  potency  of  inmnine  serum  in  a  subsequent  section. 

Typing  by  Precipitins. — In  broth  cultures  the  pneumucoccus 
gives  up  an  antigenic  sulwtance  which  is  soluble  to  the  broth  which 
has  been  made  use  of  V>y  Blake"  for  typing  purposes.  The  method 
is  useful  wlien  cultures  or  peritoneal  exudates  from  mice  are  too 
heavily  contaraiimted  for  clear  agglutination  tests.  The  fluid  to  be 
examined,  either  culture  or  peritoneal  exudate,  is  centrifnged  at 
very  high  speed  to  throw  down  all  the  organisms,  and  the  clear 
supernatant  fluid  taken  off  for  precipitation  experiments.  It  is  then 
mixed  in  quantities  of  0.5  ex.  with  equal  quantities  of  serum  specific 
for  (he  three  main  types  of  pncuniocoeci.  Type  I  serum  is  used  in  a 
1-10  dilution.  Type  II.  undiluted,  1-10.  and  Type  III.  1-5.  In  this 
connection  Doehez  and  Avery^*  have  made  an  interesting  olwervation 
which  is  of  great  theoretical  as  well  as  practical  importance.  They 
have  shown  that  a  soluble  antigenic  substance  which  gives  specific 
precipitin  reactions  with  anti-pneumoeoccus  scnim,  appears  in  the 
urine  of  over  60  per  cent  of  pneumoma  cases.    The  substance  may 


*  Blake,  Jour.  Exper.  Med.,  26,  1917,  67. 

^Dorhrs  and  Avenf,  Jour.  Erpcr.  Med.,  26,  IfllT,  477. 
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be  excreted  within  the  first  day  after  the  onset  of  the  disease,  and 
may  continue  in  the  urine  during  early  convalescence.  Since  it  is 
almost  always  present  in  septicemia,  it  may  have  some  value  in 
sizing  up  a  case  in  tliis  way. 

The  substance  can  be  demonstrated  by  direct  precipitation  of 
the  clear  urine  against  specific  pneumococcus  sera.  A  curious  thing 
about  the  substance  is  that  it  can  be  obtained  in  concentrated  urine 
in  the  following  way.  25  c.c.  of  the  urine  is  boiled  with  weak  acetic 
acid  and  the  proteins  removed  by  filtration.  The  filtrate  is  then 
precipitated  with  95  per  cent  alcohol,  rapidly  dried,  and  rcdissolved 
in  small  amounts  of  salt  solution  up  to  3  c.c.  This  solution  reacts 
specifically  with  the  serum. 

Blood  Oultares  in  Pneumonia. — During  the  course  of  pneumonia, 
pneumococcus  septicemia  is  common!  ii'rankel"  in  lsk)2  stated  that 
he  believed  in  most,  if  not  all  cases  of  pneumonia  the  organisms  are 
present  in  the  blood  stream  at  some  stage  of  the  disease.  Proschaska, 
in  a  carefully  repeated  culturing  of  ten  unselected  cases,  obtained 
the  organiHms  m  every  one  of  them.  The  older  literature,  if  carefully 
reviewed,  shows  positive  blood  cultiu*es  in  about  25  per  cent  of  the 
cases.  In  the  Rockefeller  Hospital  where  systematic  blood  cultures 
were  done,  among  other  things,  it  is  stated  by  Cole  that  in  448 
cases  of  lobar  pneumonia,  the  pneumococd  were  obtained  by  blood 
culture  in  30.3  per  cent.  When  blood  cultures  were  repeatedly  made 
at  frequent  intervals  the  positive  findings  were  obtained  in  50 
per  cent. 

In  taking  blood  cultures  it  is  important  that  plenty  of  blood  is 
taken  and  inoculated.  The  culture  is  taken  from  the  basilic  vein 
with  a  sterile  syringe  as  follows:  At  least  5  or  10  c.c.  of  blood 
should  be  added  to  fiasks  of  hormone  glu(K>8e  broth,  of  a  Pg  of  7.6 
or  7.8,  containing  not  less  than  100  c.c.  of  broth.  Hormone  glucose 
agar  plates  should  at  the  same  time  be  made,  and  graded  quantities 
of  blood  can  be  added  to  successive  plates  in  order  that  one  may 
obtain  a  numerical  estimate  of  the  number  of  organisms  per  c.c. 
Growth  is  often  delayed,  and  no  negative  report  should  be  finally 
turned  in  for  at  least  three  days.  Cole  and  others  have  attached 
great  prognostic  significance  to  blood  cultures.  Cole  believes  that 
the  development  of  a  septicemia  is  of  very  serious  prognostic  sig- 
nificance, and  the  typing  of  the  organisms  from  the  blood  culture 

**r«nJt«J,  *'v.  Leydte  F«rt«hr.,"  1902. 
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is  important  in  this  respect  since  the  mortality  of  type  II  cases  in 
the  blood  in  his  experience  is  73.4  per  cent,  and  of  type  111  cases 
in  the  blood,  100  per  cent,  whereas,  in  type  IV  cases  a  mortality  of 
only  52.3  per  cent,  and  the  low  percentage,  26  per  cent,  in  lype  1 
blood  cnhure  cases,  he  attributes  to  the  effect  of  scrum  treatment. 

Aside  from  lobar  and  lobular  pneumonia^  the  pnoumocoeeus  may 
cause  a  number  of  other  t>^es  of  infection  in  Iiuman  beings  eitlier 
subsequent  to  a  preliminary  pulmonary  infection,  or  primary  in 
nature. 

The  most  common  complications  of  pneiunococcus  infection  of 
the  lung  ere  pmpyemia,  cndoenrditi.s.  and  pericarditis,  meiiiniriti^^ 
and  arthritis^  Meningitis  may  occur  as  a  primary  disease  especially 
in  children  without  previous  traceable  pneumonia.  The  same  may 
be  said  of  arthritis. 

Empyema  was  a  very  frequent  and  fatal  complication  of  the 
war  pneumonias,  and  pneumococci  can  be  easily  obtained  by  ordinary 
cultural  methods  from  puncture  fluid.  It  has  recently  been  sug- 
gested that  empyema  is  more  apt  to  follow  iti  eases  which  have  been 
treated  with  serum,  perhaps  because  of  its  rffect  in  localizing  the 
infection.  This  point  has  not  been  settled,  but  it  would  seem  to 
ns  that  the  only  manner  in  which  such  a  result  could  eventuate 
would  be  by  just  such  localizing  effect,  and  this  would  mean  that  had 
not  the  serum  localized  tlie  infection  the  outcome  might  have  been 
fatal,  a  consideration  which  all  the  more  persuades  us  of  tlic  wisdom 
nf  treating  type.  I  cases  with  serum  whenever  possible,  Pneumo- 
coecus  meningitis,  whether  primary  or  secondary,  is  a  very  fatal 
disease  from  which  recovery  is  rare.  Direct  serum  treatment  should 
always  !)e  tried  if  it  is  a  type  I  ease,  and  intravenous  treatment 
to  forestall  a  possible  septicemia  should  also  be  applied. 

Pneumococcus  peritonitis  occurs  particularly  in  children.. 

The  pncumococcus  also  causes  a  very  severe  form  of  eorntnl 
ulceration  which  presents  great  difficulties  to  successful  therapy. 
The  bacteriolopst  confronted  with  severe  ulcerative  infections  of  the 
eye,  in  which  ulcerations  arc  especially  localized  on  the  cornea, 
should  search  particularly  for  pneumococci. 

Typing  from  all  these  various  lesions  should  be  done  if  for  Jio 
other  reason  in  the  interest  of  statistical  knowledge.  From  the 
statistics  furnished  by  the  Rockefeller  Hospital  studies,  as  well  as 
additional  information  which  the  past  five  years  have  fnniislied 
over  all  the  United  States  and  Europe,  it  seems  fair  tr>  flsKtmip  that. 
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pn«»uinonia— N.  Y.  Acadomy  of  Mmtiriiir,  April, 
t  HyiC..  xxxr\l  1901;  XevfeUi,  5t<»it.  t  Hyg..  li.  lf»02. 
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subject  of  extensive  studies  by  Wadsworth,"  Hiss,"  and  many  others. 
For  the  sake  ot*  obtaiuiiig  pleutilul  growth  for  agglutiiiHlioa  purpoKei!, 
H'lisa  has  recommended  uultivation  in  1  per  cent  glueoMO  bi*oth  with  tho 
addition  of  sinull  amounts  of  sli'rile  caleiuni  carbunHte  to  aliuorb  acid 
formed  from  the  glucose.  Pneunioeotrei  do  not  regularly  agglutinate 
in  diluted  immune  sera  and  agglutinations  are  best  studied  in  sus- 
peiisions  of  more  'Hineeutrated  immune  Korutii.  Agglutination  begins 
at  ihf  end  of  about  15  minutes,  and  can  Iw  studii'd  lw»tU  by  forniulion 
of  clump8  and  by  the  sediment.  See  preeeding  paragraphs  on  typing. 
Spe<'itic  precipitating  antibodies  have  been  d**monst rated  in  pncu- 
mocoocus  immune  serum  by  Neufold,"  Wadsworth.""  Iliss,^"  and 
otliexs,  tfae  organism  for  such  tests  being  brought  into  solution  either 
with  bile  or  with  concentrated  salt  solution.  Such  sera  also  contain 
powerful  opsonic  sul>stances,  or,  as  Neufeld  and  Itimpau"'  prefer  to 
call  them,  "baeteriotropins."  It  seems  most  likely  that  such  phago- 
eytosis-aiding  substances  are  most  powerfully  concerned  in  protection 
and  cure.  Clough''^  has  reported  an  increased  of  opsonins  at  the  lime 
and  erLsis,  and  Doehez*^  has  shown  that  protective  sulistanees  may 
appear  in  the  serum  at  or  soon  after  the  time  of  crisis.  Tho  outcome 
of  a  ease  according  to  Cole  depends  very  largely  on  the  A'irulcnee  of 
the  organism  and  on  the  ability  of  the  body  first  to  limit  the  local 
infection  and  to  prevent  the  invasion  of  the  blood  with  the  organisms. 
In  this  process,  of  course,  the  protective  and  opsonic  bacteriotropic 
substances  would  play  a  most  important  part. 

PASSIVE  IMMUNIZATION  AND  USE  OF  PROTECTIVE  SERA 


The  history  of  attempts  to  produce  sera  for  passive  immunization 

in  man  is  extensive.    Washburn,**  Mennes,**  Pane"  and  many  others 

in  the  past  have  succeeded  in  protecting  animals  with  such  sera,  but 

- 

"  Wadswortht  Joe  cit. 

"  Hitft^  Jour.  Exp.  Med.,  vii,  1905. 

^Neufeld,  2eit.  f.  Uyg.,  1902,  xi. 

•  H'atUHorth,  loc.  cit. 

"JTww.  Jour.  Exp.  Meil.,  vii,  1305. 

•»Actj/*W  and  Bimpau,  Deut.  nidd.  Woch.,  1904. 

"Clmigh,  Johns  Ilnpkins  Hosp.  Bull.,  Oct.,  1913. 

'^DocKtz,  Jonr.  Kxp.  Med.,  3913. 

•^fraskhnrn,  Brit.  Mod.  Jour.,  1897. 
"  ^Mfnnrs,  Zcit.  f.  Ilyp.,  1R97. 

•PoHfi.  Rif.  med..  1807, 
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gr^mt  dsal  of  very  interesting  work  has  been  done  upon 

"  ^.^^lit^n  of  pneumococcus  nnti-sera  from  h(»rse  protein 
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.:>if,  Jour.  Kx^HT.  M^d.,  21,  1915,  3S9. 
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Bernm,  thus  carrying  down  the  antibodies.  They  then  extracted  these 
precipitates  with  weak  sodium  carbonate  at  42',  and  in  the  super- 
natant fluid  found  prolective  antibodies  which  agglutinate  pneumo- 
cocci.  Huntmin  has  recently  perfected  this  method  of  dissociation  of 
antibody  from  its  antigen  in  a  way  that  promises  practical  usefulness. 
He  treats  large  amounts  of  pneumococci  with  an  excess  of  antil)ody, 
at  37^2°-  After  throwing  down  the  pnenmoen<*ci  with  a  centrifuge,  he 
now  washes  them  with  ph>'siologicaI  salt  solution,  at  almost  the  frwr- 
ing  point  in  order  to  remove  traces  of  sernm.  and  then  treats  thoni  at 
a  temperature  of  about  40°  with  weak  sodium  bicarbonate  solution,  a 
treatment  which,  as  Ijandstcin<*r  and  others  have  shown  with  other 
organisms,  dissociates  antiliodies  in  large  amounts  from  the  antigen- 
antibody  complex.  These  antibody  solutions,  if  the  volume  of  final 
solvent  is  either  at  or  about  one-fourth  the  origiiml  scrum  volume,  is 
protective  in  approximately  the  same  degree  as  the  original  sera,  and 
is  almoNt  or  perhaps  completely  protein  free.  These  nntilMHly  solutions 
of  Iluntoon  are  at  the  present  time  l>eing  used  experimentally  and 
promising  results  have  already  been  obtained.  Their  intravenous 
injection  produces  an  initial  cliill.  probably  due  to  the  non-spceitic 
reaction  caused,  in  our  opinion,  by  traces  of  bacterial  protein  in  the 
solution.  The  cases  whi^'h  we  have  seen  reported,  show,  however,  that 
Bubsequently  a  specific  reaction  seems  to  oe<'ur  which  promises  to 
render  them  perhaj)s  an  improvement  upon  treatment  with  whole 
fie  rum. 

Standardization  of  Fneumococcus  Serum. — After  a  considerable 
imoujit  of  discussion  as  to  which  of  tlie  antibody  reactions  should  be 
for  pneumococcus  serum  standardization,  it  has  been  gejierally 
accepted  that  standardization  by  mouse  protection  is  the  most  reliable 
[janethod.  The  pioneer  work  on  such  standardization  was  done  largely 
*by  Neufcld.  Recently,  it  has  been  developed  by  various  pneumococcus 
iMorkers,  Wadsworth  and  Kirkbride/*  the  workers  at  the  Rockefeller 
^.Hospital,  and  a  number  of  the  manufacturers  of  pneumococcus  seruiu. 
The  standardisation  depends  upon  the  amount  of  serum  necessary  to 
protect  a  white  mouse  of  20  grams  weight  against  a  standard  virulent 
culture. 

;  One  of  the  most  important  points  in  the  standai-dization  ia  to  use 
a  culture  of  very  great  and  accurately  known  virulence.  This  can  be 
produced  by  passage  through  mice.     The  virulence  of  the  organism 


**  Ifadsworth  nnd  Kirkhride,  Joar.  Exp.  Med.,  25,  1918. 
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used  shoidd  be  so  great  that  0.000001  c.c.  of  an  18-hour  broth  culture 
will  kill  a  mouse  in  48  hours.  Broth  dilutions  are  then  prepared  in 
suoh  a  way  that  0.5  c.c.  of  each  dilution  contains  varying  quantities  of 
the  pueumococcus  culture  ranging  from  0.2  c.c.  to  0.0000001  c.c. 
These  dilutions  should  be  freshly  made  in  order  that  the  number  of 
organisms  in  the  tube  shall  not  be  materially  changed  by  growth  or 
death  before  the  tests  are  made.  With  each  of  these  dilutions,  then, 
0.2  c.c.  of  the  scrum  to  be  tested  is  mixed  in  a  syringe  and  the  mixture 
immediately  injected  intrapcritoneally  into  the  abdominal  wall  just 
above  the  groin.  In  some  laboratories  the  amount  of  serum  used  for 
these  standard  tests  is  0.1  instead  of  0.2  c.c.  The  following  is  a  typical 
protocol  taken  from  a  protection  experiment  by  Dochez  and  Avery, 
which  illustrates  the  method: 


DoMOf 

Culture 

87  (Group  1). 

A«0  (Orodp  II). 

C^introli. 

Heruni  I,          Serum  II, 
aa  r.c.      1      0.2  o.c. 

1 

Controla. 

Keruni  I. 
0.2  c.c. 

Serum  II, 
0.2  e.c. 

0.1   C.C. 

0.01 

0.001 

0.0001 

0.00001 
0.000001 

Dead 
17  hra. 
17  hra. 
41  hra. 
41  hra. 

96  hra. 
48  hra. 

Survived 

11 

n 

it 
11 

i( 
1 1 

Dead 
41  hra. 
25  hra. 
41  hra. 
41  hra. 

41  hra. 
72  hra. 

Dead 
18  hra. 
18  hra. 
18  hra. 

Dead 
18  hra. 
18  hra. 
18  hra. 

Dead 

18  hra. 

Survived 

11 

n 

tt 
tt 

(The  quantities  in  c.c.  representing  dose  of  culture  refer  to 
cultures.) 


18  hour  broth 


The  rule  laid  down  for  sera  by  Cole  and  his  co-workers  is  that 
only  sera  should  be  employed  which  in  doses  of  0.2  c.c.  protects  against 
doses  of  0.1  c.c.  of  a  culture  of  the  above  description.  Variations  in 
these  standards  are  set  up  in  other  laboratories,  and  constant  changes 
are  taking  place  in  this  phase  of  the  work,  but  the  above  will  suf- 
ficiently illustrate  the  principle  applied. 


Methods  of  Benun  Treatment  and  Berolta.— Hope  of  success  with 
serum  treatment  depends  upon  early  diagnosis  and  immediate  unde-^ 
layed  typing  of  the  organism,  since,  as  we  shall  see^  the  type  I  serum 
alone  is  at  the  present  time  thought  hy  everyone  to  exert  definite 
beneficial  action. 
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Since  the  serum  is  given  intravpnously  it  is  important  to  l>e  very 
'ftHfefiil  in  pjttimnling  whether  or  not  the  patient  Ls  horse  scrum  st-n- 
Bitivc^  Inquiry  as  to  previous  serum  injections  must  )>e  matlr,  and 
intradermal  skin  tests  with  horse  sjTiim  are  linnc  i»y  injc^otin^.  iiitra- 
cutaneouHly,  with  a  tul)ej*culin  syringe,  a  .nnmll  amount,  anywhere 
from  0.05  to  0.02  c.e.  of  a  1-10  horse  serum  dilution.  If  the  injoelion 
is  i)roperly  made,  in  a  sensitive  f*ubjeet  within  anywhere  from  five  to 
thirty  minutes  a  large  urticaria-like  wheal  will  arise,  wlueh  will  i-emain 
for  one-half  to  two  hours,  gradually  disaj)pcaring.  Jn  such  eases  great, 
care  should  be  exercised  in  administering  the  serum  and  attempts 
made  at  descnsitization  by  the  Besredka  method,  that  is  gradual 
injection  of  increasing  amounts.  This  is  not  absolutely  rrliabh*.  but 
probably  is  of  great  help  in  most  cases.  It  is  best  to  begin  with  slow 
subeutaneous  iujeeliou  of  alx)ut  0.02  e.e.  of  horse  serum,  l)est  diluted 
in  a  total  quantity  of  5  c.c.  of  salt  solution.  This  can  l>o  repeated, 
gradually  inereasing  the  dose  to  one  c.c.  in  three  or  four  instillations 
if  no  untoward  symptoms  appear.  Even  in  tliese  preliminary  injec- 
tions it  ia  best  to  inject  very  slowly,  and  to  Im*  sure  that  the  needle  does 
not  enter  a  small  venule,  leaving  about  an  hour  betwf»en  injections.  It 
is  difficult  to  lay  down  definite  rules  for  quantity  and  manner  of 
injection,  since  in  each  individual  case  an  experienced  worker  should 
feel  his  way  gradually  in  the  case.  Gradual  desonsitization  until  a 
large  intravenous  injection  can  be  given  may  consume  24  hours  or 
more  during  which  lime  the  cumulative  doses  may  furnish  a  <ronsider- 
able  fraction  of  the  therapeutic  dose. 

AVhen  the  time  for  actual  injection  comes,  the  serum  is  diluted 
with  equal  parts  of  sterile  salt  solution.  This  permits  cmc  to  injtnit 
the  substance  more  slowly.  A  special  gravity  apparatus  for  slow 
iiij('<'tion  has  been  deA'isud  for  this  purpose  by  Cole  and  his  eo-workci'S. 
but  with  great  care  the  injection  can  be  done  tlireetly  with  a  large 
syringe.  The  serum  mixture  should,  of  course,  be  brought  to  body 
tcmprrHlure  before  injection.  The  iiTvp(»rtant  point  is  that  the  injee- 
ti<tn  of  the  first  10  c.c.  of  tbn  serum  should  occupy  at  least  ten  minutes, 
and  tttis  is  the  critical  time  for  the  development  of  anaphylactic  symp- 
toms during  which  the  patient  must  be  carefully  watched.  Any  signs 
of  respiratory  difficulty,  sudden  changes  in  the  puhje,  etc.,  should  be 
an  indication  for  immediate  cessation  of  the  injection,  which  can  be 
tM»gun  again  when  the  patient  has  returned  to  normal. 

The  total  dosaue  advised  by  Cole  and  bis  co-w^orkcra  is  about  90  to 
c.c.    Reinjection  is  a  matter  of  judgment,  and  these  workers  advise 
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Hut  ih^  «'  '  oalr]  he  rigoroniiljr  eontiniied  bj  remi«<etioiis 

«ver/  h  c/r  .  often  an  it  teenui  advinble. 

Merum  (iiii«iuic  which  occanonally  folfcmv  is  timiiar  to  that  which 
foltriy  intitoxin  injcetiotia. 

Iti    ..  -   Mil'  rwiiltn  of  iKTUni  treatment  no  final  judgment 

n  hf  K^V44fi.  There  have  ffeen  all  kinds  of  extravagant  claims  both 
"■(I  fo  uni'tiiUi**^  arid  iitt^l'-wnirw  of  thf  H<*rum.  Cole's  jridgment  we 
4'4ififlldcr  t(»  \m  ifitiri'ly  ithycUyv  and  tinprejuduied  in  this  matter,  and 
hi*  ■IaIi'h  frnni  hU  own  experience  that  he  ha.H  obtained  no  resalts  with 
liny  nigrum  pn'i-pl  type  I.  With  (hiM  senim,  however,  he  believes  that 
therti  huN  hftnx  a  deUnite  drop  in  the  mortulity,  to  about  8  per  cent 
m  eontraatnl  with  a  normal  mortality  of  20  per  cent,  or  more,  in 
iMif rnili'd  l.vpe  I  enw'H.  Iti  Kcfieral,  this  opinion  seems  to  have  been 
iMtini'  Milt  h.v  othrr  ohnen'ei'K  wlio  have  used  the  method.  It  is  of  the 
t(r<Miti*(it  linportatiee  that  in  judtfing  of  resultn  of  sueh  treatment  a 
dlHi'i'iininatldn  Nhould  he  mail*'  between  eHS(*s  that  have  been  treated 
promptly  hi  Ihr  ein*ly  NtagcM  of  the  difw^rLse,  and  those  in  whieh  the 
tn^iitment  hiw  Iwen  delnye4l,  for,  aa  every  bacteriologist  knows,  when 
di-iiliiiK  with  thn  pnthoj^enii-  Ornni-positive  eoeoi,  that  no  amount  of 
Nenim  will  «avt<  an  experimental  animal  when  once  an  extenaive 
Mplleendtt  Um  been  eatablishcd.  '"' 


EPIDEMIOLOGY  OF  PNEUMONIA 

1*1"  •       '.    ■  ..rV  il.iteil  centeiN  of  thp  world. 

hut  III:         i     ,  I  ln'  trmperate  zones.     The 

■  t  I'nt  KporRdieidly  nt  nlmoat  all  times  of  the  year,  but  is 

ptutuul(Hl\  tnnjuent  durini;  the  colder  months,  usually  reaching  its 
antiuid  |«*ak  in  this  latitude  during  February  or  March.  It  is  not 
eoi«monl,v  an  epidemic  diaease,  but  ma>-  become  so  under  conditions  of 
-•'    '  f^nd  vvholewalo  cx|HWure  to  wot  and  cold,  incident  to  military 

Iv  c  bfv  in  mining  cam|v;.  etc>     Wherever^  in  nth*  r  wor<K  ver>' 

<)li^  a^toelatkm  of  Hmiteit  gronpn  of  people  takes  plaor  undir  omdi: 
tlmn  of  ptH^r  h>*yi<Mie  ani^  •  ^^>g_^vi^h  t^titK-idonf  hardships  of 
vifcrtt^m  tantte>  HWtmonla  *.i  :  .■  .^are  apt  to  oocur.  The  most  exteii- 
fliV*  ffM^Uokt  whlrti  twvr  oocarm)  within  the  last  20  yoars  are  thoae 
whioh  took  pi  ^  nth  African  mining  districts,  in  Panama, 

atvd  iiurhus  !l  ,..  .L  „r  in  the  eampn  ainl  amonf  the  armies  at  the 

f(<  A  of  all  kinds  in  ordinarr  tiinea  aceoonts  for  aboat 
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10  per  cent  of  the  dcatli  rate^  but  under  conditions  like  those  occurring 
during  the  war,  a  much  larger  percentage  of  all  deaths  are  due  to 
pneumonias.  The  Surgeon  Uencral  estimates  that  in  the  year  1918  the 
total  number  of  deaths  chargeable  to  respiratory  disease  (and  this 
means  with  very  few  exceptions,  death  by  pneumonia  of  one  kind  or 
another)  was  39,701,  out  of  a  strength  of  2,518,499  men,  which 
HiikountM  to  a  death  rate  of  15.75  per  thous*and,  and  h2  per  cent  of 
all  deatlus  occurring  in  the  Army  during  this  yi-ar. 

In  order  to  discuss  the  epidemiological  and  preventive  problem 
concerned  with  pneumonia  with  intelligence,  it  will  Ik-  necessary  to 
discriminate  between  the  so-called  "primary"  pneumonias  and  **Hec- 
ondary"  pneumonias. 

Inflamnmtions  of  the  lung  may  be  eaascd  by  a  variety  of  bacteria. 
However,  for  the  purposes  of  considering  the  epidemiology  of  these 
diseases  we  need  take  into  account  only  those  caused  by  various  ])ncu- 
mococci,  the  hemolytic  streptococci,  and  influenza  bacilli.  The  charac- 
teristics of  an  epidemic  will  vary  considerably  according  to  whether 
the  majority  of  the  cases  are  typical  lobar  pneumonias,  coming  on  with- 
out previoiLs  ilhiess,  or  vhether  most  of  the  ca-ses  represent  pulmonary 
infection,  secondary  to  a  preceding  attack  of  influenza  or  to  meusles. 
T^I)ical  lobar  pneumonia  is  almost  regularly  a  pneumoeoccus  infection 
and  this  tvpe  ot  the  dlai^a'^P  15  WV  inr  less  fatal  than  the  other.  Tho 
secondary'  pueumoniu^i  may  be  caused  by  many  different  organisms. 
Even  in  the  same  community,  cases  occurring  at  about  one  and  the 
same  time,  iimy  be  caused  by  various  pneumococci,  or  slrc]>tococci,  the 
majority  of  the  eases  being  due  to  organisms  most  prevalent  in  that 
particular  place.  Such  epidemics  of  scctmdary  pneumonia  arc  the 
types  which  arc  most  apt  to  develop  in  times  of  war  or  under  other 
abnormal  comiiiuuity  conditions,  and  this  t>*pe  is  far  more  fatal  than 
Ls  the  typical  lobar  pneumonia. 


Primary  Pnetinwnias. — That  pneumonia  was  a  communicable  dis- 
ease was  recognized  by  Johaunesen  and  other  clinicians  as  early  as  the 
middle  of  the  last  century.  ThLs  point  of  view,  however,  was  not 
generally  accepted  until  quite  recently.  One  of  the  difficulties  that  baa 
stood  in  the  way  of  a  more  general  belief  in  the  communicability  of  tho 
disease  has  been  the  fact  that  many  normal  individuals  harbor  in 
mouth  and  throat  pneumncocci  which,  until  recent  years,  were  indis- 
tinguishable from  th*e  organisms  found  iu  the  lungs  in  pneumonia.  It 
was  taken  for  granted,  therefore,  that  the  entrance  of  pneumococci  into 
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the  upper  respirator>'  passages  could  not,  in  itself,  produce  pneumonia, 
and  that  when  the  diHra>ie  occurred,  it  waj^  iu  most  ciises  due  tu  auto- 
infection,  owing  to  unusual  depression  of  resistance  in  an  individual 
in  whose  mouth  the  pneuni<><!ocrus  happened  to  he  pn-sent.  More^wer, 
theix*  seamed  to  l>e  many  instances  of  relationship  between  unusual 
exposure  to  cold  and  wet,  and  the  occuiTenee  of  pneumonia,  while  it 
wu-s  rarely  poKsihh^  to  trace  definitely  the  origin  of  a  casv  to  exposure 
to  a  previous  one. 

' '  Recent  recognition  that  there  are  a  number  of  different  tyj)es  of 
pneumi>cocci,  investigations  whieh  were  begun  by  Neufeld  and 
Haendel,*^*  and  followed  out  more  particidarly  in  this  country  by 
Dochez  and  Avery,**  has  fumiahed  us  with  an  entirely  new  set  of 
facts  for  the  understanding  of  pneumonia  epidemics.  The  t>7>es  of 
I)neunuK»occi,  as  worked  out  by  these  writers,  have  been  tabulated  in 
another  place.  This  tentative  subdivision  into  types  has  made  it 
possible  to  determine,  in  the  first  place,  whether  or  not  the  ordinary 
mouth  types  are  identical  with  those  found  in  the  lungs  during  pneu- 
monia, and  have  also  7>ermitted  ils  to  determine  whether  the  type 
present  in  any  paiiicular  case  was  identical  with  that  found  in  a  pre- 
ceding cas<.»  or  in  a  closely  associated  contact.  Following  up  this  trail, 
workers  at  the  Rockefeller  Haspital  have  found  that  over  50  i>or  cent 
of  the  mouth  organisHLS  found  in  normal  human  beings  in  and  about 
New  York  city  belong  to  ihc  hcterogene^ms  type  IV'  group,  whctreas, 
over  80  per  cent  of  lobar  pneumonias  are  due  to  types  I,  II,  and  III. 
The  obvious  inference  from  this  i^eversed  percentage  is  that  lobar 
pneumonia  is  in  most  cases  caus(*d  by  organisms  tmiismittcd  to  the 
victim  from  an  extraneous  source,  and  that  autoinfection  with  tho 
patient's  own  mouth  organisms  cannot  be  regarded  as  a  very  common 
occurrence. 

It  should  not  be  concluded  from  this,  however,  that  type  IV  js 
unirniKirtant  as  a  causative  ajjeiit  in  the  disea.se,  since  the  more  recent 
statistics  gathered  during  the  war  show  that  a  conaiderable  percentage 
of  easi^  in  different  lot-aliftes  may  Ih*  caused  by  this  group.  However, 
since  this  group  is  compose*!  of  many  aj>parently  unrelated  members, 
we  can  not  obtain  further  light  npon  tho  epidemiological  conditions, 
under  such  circumstances,  at  the  present  time. 

It  has  also  been  shown  by  Stillman'^  and  othei-s  that  the  more 
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Iralcnt  types  T,  II.  and  III,  may  disappear  from  the  mouths  of  con- 
vali'scents  within  three  or  lour  weeks,  and  aometiraes  sooner,  and  he 
uupplaittod  at  such  times  by  the  less  virulent  normal  t^'pe  IV  struinH. 
Stillnian  has  also  shown  tiiat  individuals  associated  with  pneuinonift 
patinnts  may  frequently  harbor  organisms  of  the  same  tyi>e  as  thoso 
infecting  the  patients,  and  he  has  found  organisms  corresponding  to 
the  patientji'  type  in  the  dust  of  the  sickroom.  It  seems  unquestion- 
able, therefore,  that  there  may  be  carriers  of  v i ru lent  pnenmococci 
entirely  analogous  to  the  carrier  states  developed  with  meningococci 
and  other  organisms^ 

While  autoinfection,  therefore,  cannot  be  completely  excluded,  it 
seems  probable  that  the  origin  of  most  cases  of  lobar  ]meumnnia  is  best 
explained  by  the  acquisition  of  u  virulent  pneuirHXMH'cus  strain,  either 
^ipeetly  from  a  case  or  from  a  carrier,  with  a  depression  of  rcsistHuec 
due  to  cold,  exposure,  etc.,  coiticidcnt  with  the  prescnee  of  this  vinilent 
Btrain.  In  the  light  of  these  facts  it  is  clear  that  our  sanitary  point  of 
view  in  regard  to  pneumonia  must  be  materially  changed.  We  can 
now  understand  why  localized  epidemics  have  been  ao  often  observe*! 
in  institutioivs.  war  hospitals,  and  other  crowded  communities,  and  can 
justly  evjduate  the  importance  of  the  transmission  factor  in  the  spread 
of  this  disease.  In  outlining  sanitary  procedtires  for  any  disease  it  i« 
of  the  utmost  importance  that  such  a  thorough  understanding  of  the 
relative  importance  of  transmission  and  the  susceptibility  factor 
should  be  acquired.  It  is  never  possible  to  carry  out  all  desirable 
measures  of  prevention  completely,  and  it  is,  therefore,  necessary  to 
know  definitely  upon  which  factors  the  greatest  stress  must  be  laid  in 
planning  the  sanitarj'  campaign. 

In  all  communicable  diseases  the  two  factors  which  influence  spread 
are,  in  the  first  plHpp,  thp  trMnsmission  of  the  virulent  organisms,  nnct, 
in  the  second  place,  the  susc'cptibility  of  the  recipient.  When  trniis- 
mission  becomes  general  and  community  susceptibility  is  normally 
high,  as  in  plague,  typhoid,  cholera,  etc.,  epidemics  are  bound  lo  spread 
rapidly.  There  are  diseast's  like  those  mentioned  above,  as  well  as 
smallpox,  measles,  scarlet  fever,  and  influenza,  in  which  the  suscepti- 
bility of  the  normal,  previously  unexposed  individual  is  so  great  that 
hardly  anyone  sufficiently  exposed,  will  escape.  It  is  plain  that  in  such 
diseases  sanitary  measures  must  be  aimed  particularly  at  the  preven- 
tion of  transmission,  with,  wherever  possible,  artificial  immunization 
of  the  community.  There  arc  other  infections,  however,  chief  among 
which  we  believe  is  pneumonia,  in  which  the  resistance  of  normal 
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homan  beings  is  comparatively  high.  The  diTscase  will  not  occnr  in  an_ 
imli^'^'^"ftt  siniDlv  ht>cHUi*<^  h<'  lias  ivreivp<^  the  virulent  organisms  hv 
the  proiK-'f  route,  frum  a  case  or  a  carrier,  but,  in  addition  ^^  thia^ 
there  niust  bo  caineident  hvyi^»i<^  defeeiA  wliich  temporarily  depress 
KiH  resist  a  n<^c-  A  temporary  coincidence  of  two  factors,  therefore, 
transmiHsion  of  the  orgunisnus  and  iuerea>;i'd  susceptibUtty^  must  occur, 
and  it  is  plain  that  in  such  diseA!«es  epidemic  spread  cannot  take  place 
to  any  extensive  degree  unlens  both  of  these  factors,  widespread  trans- 
mission and  depression  of  resistance*  become  generalized.  In  such 
cases,  therefore,  while  proper  snfeg\iard.s  af;ainst  dissemination  of  the 
organisms  must  he  developed,  yet  the  efforts  of  the  sanitarian  should 
focus  particularly  upon  measures  by  which  the  normal  resistance  of 
the  community  is  maintained. 

As  a  matter  fact,  pneumonia  e]udemics  do  not  occur  as  a  role  in 
well  nourished  and  house<l  communities.  The  epidemic  form  of  the 
priniaiy  disease  develops  nnl.y  muler  such  conditions  as  those  prevail- 
ing in  army  eamps  during  llie  cold  weather,  when  men  aix*  crowded 
together  in  sleeping  quarters,  and  are  developing  colds  and  coughs, 
and  are,  at  the  same  time,  exposed  to  unusual  conditions  of  life,  cold, 
wet,  unaccustomed  fmKi  and  hard  work.  Exceptions  to  this  are.  of 
coui-se,  epidemics  like  those  that  have  occurred  in  Panama  and  South 
Africa,  but  in  the-ic  eases  the  community  in  which  the  diseas**  was 
prevalent  consisted  very  larKoly  of  tropical  negroes,  whose  greater 
susceptibility  to  pneumocoecus  infection  is  well  known. 

In  a  number  of  epidemics  in  which  we  liave  had  the  opportunity 
of  studying  eases,  it  was  quite  apparent  that  the  sasccptibility  factor 
was  the  determinative  one  in  individual  instan«!es.  Surveys  showed 
that,  while  it  frequently  happened  that  a  number  of  cases  came  from 
the  same  tent,  the  infections  were  often  of  different  bacterial  types. 
While  direct  transmission  from  one  case  to  another  often  seemed  to 
he  eircumstantially  proved,  in  only  a  few  instajiees  at  a  certain  camp 
in  which  these  stu<lies  were  made,  were  such  cases  associated  with  a 
single  t>'i>e.  On  the  other  hand,  a  certain  regiment  which  was  ordered 
to  the  shooting  range  during  a  very  wet  spell,  marching  in  the  rain 
and  camping  on  wet  ground,  developed  26  pneumonias  within  16  days. 
Analysis  showed  that  these  eases  were  causcil  by  all  four  pneumocoecus 
types  without  particular  relationship  between  contacts  and  types.  On 
the  other  hand,  a  considerable  number  of  men  were  found,  in  thia 
same  regiment,  at  that  time,  to  bo  carriers  of  virulent  pneuniooocd 
and  streptococci  without  coming  down  with  the  disease. 
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From  evidence  like  this,  we  eonclnde  that  in  the  sanitation  of 
pneumonia  it  would  be  dangerous  to  lay  too  great  proportionate  stress 
upon  mere  transmission^  but  to  rcmentbcr  that  the  average  resistance 
to  uneumococcus  infection  of  the  lung  is  fairly  high  among  human 
h^^ys;  fiii.t  that  ftiinitiiry  juvt^autJoiLs  musl  include  a  vcry-  rii^id  atten- 
tion to  the  faetora  of  warmth,  ventilation  in  sleeping  uuarters.  ade- 
quate food,  dryness  of  feet,  and  avoidance  of  overwork.  In  communi- 
ties like  those  of  South  Africa,  the  prevention  of  transmission  alone 
cut  short  the  epidemic,  \iut  we  have  already  pointed  that  the 
susceptibility  factor  was  unusually  high  in  these  communities. 

It  will  rarely  be  necessary  for  sanitarians  working  in  eivili7.ed 
communities  to  be  called  upon  to  prevent  epidemics  of  primary  pneu- 
monia. They  will  develop  under  such  conditions  as  those  prevailing 
in  military  camps,  and  which  might  well  be  imagined  as  possible  in 
badly  managed  industrial  communities,  schools,  labor  camps,  etc., 
where  laborers  arc  forced  to  sleep  in  ill-ventilated  barracks — an* 
crowded  during  working  hours,  or  in  mines,  and  crowded  institutions. 
Such  conditions  may  occur  among  civilian  ])opulations  at  times  of 
famine,  and  ]>enury  incident  to  war.  Primary  pneumonia  epidemics 
will  occur  only  when  ci*owding,  coincident  with  generalization  of  mild 
respiratory  infections  increases  the  distribution  of  bacteria  and  when, 
at  the  same  time,  the  community  suffers  from  insufficient  shelter  and 
is  perhaps  under-nourished  and  overworked.  The  most  important 
jtorin  the  prevention  of  such  outbreaks,  therefore,  is  attention  to 


the  ventilation  of  sleeping  quarters,  sufficient  number  of  blankets  on 
beds,  dr>^  feet,  warm  and  plentiful  food,  and  opportunities  for  rcason- 
Hhlf  rci^  If  this^s  ffoiiibined  with  isolation  of  coughing  and  sneezing 
individuals,  at  least  during  indoor  life,  if  spitting  is  stopped  and  care- 
ful supervision  of  the  clean.sing  of  eating  utensils,  stcrilizjition  of 
handkerchiefs,  etc.,  is  enfort^cd,  such  epidemics  sliould  yield  readily. 
Cases  which  have  been  diagnosed  as  lobar  pneumonia  should  be 
reportable,  like  other  infectious  diseases.  This  has  already  been  intro- 
duced by  a  number  of  health  departments.  Jn  hospitals  pneumonia 
cases  should  be  treated  as  communicable,  the  causes  isolated,  at  least 
J>y  maintaining  proper  distance  between  beds,  screenin*:  between  bc^.^g. 
and  care  in  the  callection  and  disposition  of  sputum  and  other  secre* 
tions.  Care  of  eating  utensils  and  general  cleanliness  should  be  car- 
ried out  with  proper  consideration  of  the  possibilities  of  communica- 
tion that  have  been  spoken  of  above.  In  view  of  the  probability  of 
persistence  of  the  carrier  state  for  four  weeks  or  longer  after  con- 
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lu  mouth  disinfection  and  control  of  this  feature 
WlLov^  (MiUtfuU  lurc  returned  to  their  homes  should  be  practiced. 

S^t^^f*^**^  PiirMm(»iiMU. — In  Secondary  pneumonias  we  arc  dealing 
with  ttu  entirely  diilerent  sanitary  problem.    While  pneumonia  may  be 

.^y  •  u  tar^f  uumK'r  of  ilitforout  diseases,  the  only  ones  wlllch 

(X  I  lift    cpidt'UuoloK'^^al    importance    in    this   eouncetion    are 

J  .1  aiul  mt^AKlnc    Then*  is  ao  epidemii;  of  mea^slcs  or  influeiuca  in 

^.  '  '.nxy  time,  a  t'onsiderable  aunibrr  of  ]>ueu- 

ii , , . ...„^  tyl}^     --  -1—  _- -    ^^  ^Te  more  apt  to  take  the  form  oJLllic 

fc>WUv  ur^wnehi^-pni'Uiuonie  type.    In  both  of  these  diseases  there 
A  oorUiu  anumnt  of  iuttammatiou  of  the  bronchial  mucous  mem- 
brntt^''*  whioh  mwius  to  render  the  patient  particularly  KUbceptible  to 
»vv\iudary  iufoetion  with  virulent  pneumoeoeci  and  streptococci.    The 
pivultar  m»Si'c|»tibility  of  patienl;*  with  measles  und  influenwi  to  pneu- 
mvihta  cauu\il  Ih-  explained  purely  on  the  basis  of  the  mild  bronchial 
it^tlaiumiitlou  which  may  Iw  cmisidered  diatinetly  an  integral  part  of 
|U«*M^  di'*vaf»*'*  Ihomsclvcs.    There  is  a  depression  of  resistance  to  pul- 
uuutary  infivtiou  which  is  quite  tmt  of  proportion  to  that  which  aecom- 
|kHuiiNi   many   other   eonditiona   in    whicli    bronchitis   and    catarrlial 
iuttammatiou  of  (ho  upper  respiratory  tract  are  common.     Measles 
opidtuuoH  uri'  fortunately  uncommon  in  urban  communities,  but  may 
aMiuutv  tlantferous  proportions  in  army  camps,  institutions,  schools, 
vie,    The  inortnlity  of  uncomplicated  measles  is  low,  but  the  high  mor- 
tality  which  so  often   accompanies  epidemics  of  measles  is  almost 
eulirvly  a  pneumonia  nmrtality.    In  one  such  epidemic  which  occurred 
Nt   tVmp  \Vheeler  during  the  early  stages  of  our  entrance  into  the 
War,  the  mvutality  of  measles  pneumonias  was  21*  per  cent.    Sanitary 
iu(^kMUii*N  under  such  conditions  include,  of  course,  those  aimed  at  the 
preVfUtiun  of  the  primary  disease,  as  well  as  attempts  at  preventing 
iho  HuM'oudary  pneumonias  with  which  we  arc  here  particularly  cou- 
wrued.     Hut  for  the  saving  of  life,  the  sanitary  attention  to  the  pre- 
vt*ution  of  the  8econdar>'  eomplications  is  by  far  the  more  important 
ttf  the  two.    With  the  i>reventiun  of  the  primary  disease  we  deal  with 
in  the  chapter  on  Measles,  but  a  few  di*ops  n»ay  be  niud  in  this  place 
eiMieiTniikg  the  important  measures  which  should  be  taken  during 
iiuMiNlf:*  epidemics  to  prevent  the  o<vurrence  of  swrtmdary  pneumonias. 
Tlic  pi  incij>les  nf  such  measurers  are  twofoUl.  in  the  first  place  to  pre- 
vent the  caa<;  which  is  iroughing  and  spitting  from  transferring  its 
mouth  streptococci  and  pneumoeoeci  to  others.    There  should  be  tb.Q 
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most  careful  attention  to  the  eleanlineai  of  Ute  mouth  of  meaales 
^tients,  both  for  the  reasons  ineutioued,  as  well  aa  in  order  to  dis- 
courage the  lodgment  of  virulent  organisms  in  thf  patient  himspj/ 
Doctors  and  nurses  should  woar  gnuze  mnsks  when  in  flns^>  rnntHp| 
with  the  patient  as  uuieh  for  tlie  proleeliou  ttt'  ihe  patiepl  as  tor  tlieir 
own.  A  measles  patient  should  never  be  allowed  to  remain  in  tlie  same 
ward  with  pneunuK'oeeus  or  streptm-oeeus  eases,  and  as  soon  as  a 
measles  case  develops  a  severe  bronchitis  or  pneumonia,  he  should  be 
removed  from  the  mc&sles  ward  into  a  separate  ward  or  room,  since 
he  has  now  become  an  active  danger  to  other  measles  cases.  In  the 
measles  ward  itself  beds  should  be  screened  one  from  the  other,  and 
there  should  he  at  least  five  foet  between  beds.  It  is  of  great  impor- 
tance that  measles  cases  should  l>o  ])ut  to  bed  and  kept  warm  and  pro- 
tected from  catching  cold  as  soon  as  the  suspicion  of  the  disease  is 
definite,  and  similar  care  should  be  taken  during  the  course  of  con* 
valescence. 

In  the  case  of  influenza  the  conditions  are  similar.  In  the  .section 
on  influenza  it  will  be  seen  that  this  disease,  in  its  pure  form,  is  rela- 
tively mild  and  has  a  very  low  mortality.  During  the  see<md  and 
third  waves  of  an  epidemic,  however,  practically  all  influenza  cases 
show  some  degree  of  i-espiratory  infection,  and  the  susceptibility  to 
pneumonia  is  so  great  during  this  stage  that  not  only  Ls  the  percentage 
of  pneumonias  ver\'  higli,  hut  the  mortality  is  appalling.  During  the 
year  1918  when  the  se<M)nd  great  influcnzji  wave  struck  the  American 
Army,  influenza  was  charged,  by  the  SurReon  General's  Report,  with 
688,869  admissions  among  the  American  troops  for  the  year,  the  dis- 
ease and  its  eomplications  causing  23,007  deatlis.  82  per  cent  nf  all  the 
deaths  occurring  in  the  Ai-my  were  due  to  acute  re^pirator>'  disease. 
When  we  consider,  as  we  shall,  in  the  chapter  on  Influenza,  that  ail  the 
respiratory  deaths  ehargeable  to  influenza  are  really  deaths  from  sec- 
ondary infectimi,  and  not  to  influenza  itself,  the  appalling  importance, 
and  not  to  influenza  itself,  the  appalling  importance  of  the  secondary 
pneumonias  from  a  sanitary  point  of  view  becomes  apparent.  The  pre- 
ventive measures  that  can  he  taken  in  guarding  against  secondary  j)ul- 
monary  infection  are  chiefly  indirect  ones,  but  are  of  gi*eat  importance. 
Among  the  most  importiint  are  care  of  the  piitient  himself.  Studies 
by  Swift,  Harlow  Brooks  and  others  during  the  war  have  shown  that 
immediate  care  in  bed,  as  soon  as  the  first  suspicion  of  diagnosis  of 
influenza  is  made,  is  of  the  utmost  value  in  preventing  the  development 
of  secondary  infection.     The  greatest  care  should  be  taken  of  the 
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pin^fi  f\f  infliin^^Ttn  pAtjp^i^,  bniflhiag  of  the  teeth  and  clogn^iing  n^  ^^'* 
mouth  wUh  sodiurn  hiearhnnntP  Mnln^^gn,  or  salt  solution  f^arj^le  to 
wEch  20  per  cent  or  30  per  cent  alcohol  can  bo  added.  The  patient 
should  be  rnrr fully  fn'Hrdod  from  infection  by  the  doctors  mid  nurws 
who  .should  we»r  gmi/^  mnsks  ft»r  this  purpose.  This  is  '»ot  primarily 
in  our  mindit  a  precaution  to  protect  the  physicianM  oiul  nurses,  but 
rather  the  other  way  around.  Dangers  of  transnunsion  of  pn<'umo- 
moeocci  and  strrploiUM^'i  from  bed  to  bed  should  Ik-  guarded  a^ainHt: 
as  at>ovo  in  the  case  of  measles.  The  pneumonias  which  occur  during 
an  influenza  epidemic  are  vei-y  rarely  due  tt>  intluenza  baoillun  infec- 
tion of  the  lung  alone.  The  fatal  diseane  i»  eauscd  by  n  large  variety  of 
organisms,  including  the  various  pneumococci,  the  streptococci  and 
Home  othere.  In  any  one  particular  place  the  nmjority  of  cases  may  lie 
(hie  to  one  or  another  of  those  organisms,  this  dep<*nding  somewhat 
upon  the  bacteria  which  Impfjcn  to  be  mast  prevalent  in  Ihw  com- 
munity, and  ure  passed  from  mouth  to  mouth  nnd«T  conditions  of 
genenUi>;cd  respiratory  transmission,  occtirring  in  this  pbuM*.  Thu.**, 
MacCallum  and  Cole  studied  a  secondary  pneumonia  epidemic  in 
which  hrmolylir  streptococci  were  responsible  for  most  of  the  cnscs, 
but  usually  the  pneumonias  following  in  tlic  tniin  of  inHnenza  are  not 
of  a  single  type,  but  caused  by  any  virulent  member  of  the  lung 
invading  group  of  bacteria  that  hai)pi'ncd  by  rhnnn*  1o  lodge  on  the 
muin>us  membrnnes  of  the  subject  rendered  su.H(ieptible  ^'^-  hiv  i.riinnry 
disease. 

t  Thus,  after  an  influenza  epidemic  has  started,  sanitary  measures 
suned  at  the  prevention  of  the  fatal  sceondarj'  infections  must  focus 
upon  the  transmission  factor  entirely. 

Prophylactic  Vaccination  against  Pneumococcns  Infection. — The^ 
value  of  ])ro^^liylaeti<*  vacrinatioii  against  piirumunia  Ls  not  ye^  ,^^'f- 
inite.  Wright'"'  was  vhc  pioneer  in  this  work  in  1911,  but  since  he  did 
not  know  about  typo  dilTcrentiation,  the  value  of  his  work  is  limited. 
The  fii-sl  hoprful  cxperiu»ents  were  made  by  Lister"  in  South  Africa, 
who  typed  his  pneumo<!oeei  by  the  usual  agglutination  method,  having 
his  own  type*  A,  IJ,  and  C  (B  and  C  corresponding  respectively  to  II 
and  1  of  our  claHsifieation),  made  salt  solution  suspensions  of  the  organ- 
isms, injeeling  at  tirst  six  to  sirven  billion,  intravenously.  Later  he 
reported  to  sulwutaneous  inoculations,  giving  three  doses  of  two  bdlion 


'^Wryffht  mna  Morf^an,  Lnncot,  1,  1014,  1  and  87. 
"Z#Urrf,  Pub,  Houtk  Africau  Tnift.  1.  Med.  RfH.,  ICllfl,  No.  S. 
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each  at  weekly  intervals.  Ilis  results  were  distinetly  encouragmg, 
though  inconclusive.  Cecil  and  Austin**  did  some  experinieuts  at 
Camp  L'pton  in  wtiich  they  vaccinated  12,519  men  against  types  I,  11, 
and  III,  *ind  their  results  also  were  encouraging,  hut  again  uncon- 
vincing. The  problem  is  sufficiently  advanced  to  encourage  wholesale 
use,  if  conditions  ei:iat  under  which  careful  comparison  with  unvac- 
cinated  controls  can  be  made.  It  cannot,  however,  be  regarded  a.s 
definitely  established  as  a  prophylactic  measure  in  the  same  way  that 
we  may  regard  typhoid  vaccination.  At  times  of  epidemic  it  should  be 
einuh*yed  on  as  large  a  scale  as  possible,  wlienevcr  ])ossiblc,  since  only 
in  this  wny  will  we  be  able  to  jud^e  of  its  value  eventually.  The 
experiment  can  l>e  done  without  harm,  since  the  nye  of  the  vaccine  is 
contra-indicated  only  in  acutely  sick  individuals,  in  pulmonary  tuber- 
culosis and  nephritis,  in  patients  with  chronic  heart  disease,  and  Cecil 
states  also  in  pregnant  women. 

The  vaccines  which  so  far  have  been  used  consist  of  culture  sus- 
pen.sions  in  salt  solution  killed  by  heatinp  at  56°  C,  for  one-half  hour, 
and  standardized  either  by  counting  against  red  blood  cells  or  by 
means  of  the  nephelomcter.  0.3  per  cent  tricresol  may  be  added  to 
preserve  the  suspensions  which  are  made  up  rj  that  alwut  one  thou- 
sand million  pncumococci  are  contained  in  1  e.c.  The  dosage  ad^Hseil 
by  Cecil  is  three  billions  for  the  first  dose,  six  billions  for  the  second 
and  nine  bilHoiis  for  the  third. 

.  Lipo-vm^eines  which  consist  of  pneumococcus  "tusjiensions  in  olive 
oil  and  other  vegetable  oil  mixtures  have  been  used,  but  the  method 
of  preparing  these  vaccines  has  not  been  satisfactorily  perfected. 


Cml  and  Au*tin,  Jour.  Evper.  Med.,  28,  1918,  19 
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>3£A  B^CXXXrS  AND  OTU£B  ORGANISMS  OV  THE 
HEMOPHrUC  GROUP 


18  it  50  difficult  to  discuss  the  etio- 

(^  {pMlNHiaiDCaettl  problems  as  it  is  in  influenza  .since  clinical 

^K»^tf  Lim  »  VC  shftTp  and  is  fraught  with  many  uncertainties.    In 

'tflM-  1^  «9«ftiBiBS  tkerr  sir  certain  churact eristics  of  onset,  sequence 

.^twotf^  mtl  siBttbuitT  of  course  which  make  the  diagnosis  rcla* 

'4tsjv  *?tfw^f^     B«K  in  interepidemic  periods  it  is  not  such  an  easy 

flvdi&ary  diagnosis  of  grlpi>e  or  influenza  is  at  such 

v««5  fetf^eb'  *  matter  of  likelihood,  rather  than  actual  recog- 


M  W  »f«ii,  it  is  not  possible  at  the  present  time  to  base  the 
tii  tntr  influenza  upon  the  isolation  of  the  PfeifTer  bacillus. 

tkib  iMd  almost  heennie  the  habit  until  the  outbreak  of  the 
VTe  cannot  in  this  place  undertake  to  describe  in  detail 
tk*  tflikMl  manifestations  of  this  disease.  For  accurate  descriptions 
Mllsid<*rations  of  l)oth  the  clinical  and  epidemiological 
wf  SMy  refer  the  reader  to  Ijpichtenstem*s  txyik  published 
te  ^'ijtfcatrrl^  System,  to  Thompson's  Annals  of  Influenza  (London, 
tPJSk)  «m1  to  the  more  recent  treatises  in  various  medical  text  books.* 
V^  vtt  to  emphasize,  however,  that  in  our  own  experience  in  the  last 
jyiJriW,  to^Hber  with  a  study  of  the  clinical  records  of  previous  out- 
birmfeti  w«  have  l>eeomo  convinced  that  pure,  uncomplicated  influenza 
m  a  t^ry  mild  disease  in  which  respiratory  symptoms  may  \ye  either 
vtitin^ly  lacking,  or  may  be  extremely  mild.  This  is  an  important  fact 
hik  nMavniKT  in  connection  with  etiological  studies,  since  a  very  large 
Y^fi  of  the  bacteriological  work  done  on  this  phase  of  influenza  has 
uufi^rtunately  had  to  be  carried  out  on  cases  occurring  late  in  epi- 
ilcmtn  when  secondary  respiratory  infection  had  become  almost  uni- 
wna).  The  pure,  uncomi)licHtc<l  ea.scs  arc  fonnd  in  eon.siderabie  num- 
tMcrs  tittly  in  the  early  stages  of  epidemic  outbreaks. 


*Sc<>  ultMi  ZinMcr.  ' 
lir«l   Pttpcrs,   1921. 
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The  charactenstics  of  such  ca^gs  are  as  follows;  th^  onset  w  nlmoat 
rr|j:uLiriy  abrapt.  Tyj)i-.-al  cusps  n^M-i.iut>  ill  Kniit^^-filv  without  ^^r^ 
uvonitkoo.  M'Tt-  rarely  then-  are  a  few  da^x's  of  gemral  tired  I'et'Ung 
and  irialaisc\  but  this  Is  muisual.  The  tirst  symptonts  coiisbi^  [n  brail* 
acba,  feverisbneas,  loss  of  appfiite.  ;>aiiu  in  iJic  back  and  •onoatie 
mujirlt^,  particularly  iu  the  cai\>^  of  the  legs:  aometimcs  suffusion  and 
bamigg  of  the  eyeballs,  and  often  mild  sore  thp^*  The  t<«nperalaro 
1^  \n  anvwhen-  tnnn  H)l  ^  T..  104  .  and  this  t^onditlon  eOBtiniMft  far 
two  or  three  days,  when  the  patient  Bf^dually  rrturnit  to  nunual.  but 
is  left  quite  exbaastcd.  Very  oecaAionally,  skin  rashes  appear  in  ibo 
fomi  of  erythematous  palchcs,  not  at  all  uniform  iu  apiKaranee  and 
difficult  to  characterize  dermatolo^ieally.  The  xpieeu  is  usually  uot 
enlarged.    The  Icueoo-tes  range  front  ii,0<X^  to  1>.(XK). 

Such  eases,  if  they  develop  respiratory  eom})lieation.s  at  all,  suffer 
from  nothing  much  more  than  a  mild  laryngitis  or  bronohitis.  whieh 
appears  tovvHrd  the  third  or  fourth  dav  and  rauidlv  subsides.  Tho 
first  200  or  ^OU  eases  ^\hieh  we  saw  durini^  the  lust  epidemic,  among 
American  soldiers  in  France,  deveJoped  practically  no  respiratory 
symptoms  whatever  aiad  no  focal  lesions  anywhere.  The  disease  waa 
«o  brief  and  mild  that  it  was  not  recognized  as  intluenza  at  tirst,  and 
was  8i)oken  of  as  *' three-day  fever/'  The  morbidity  at  such  times  ifl 
hiirh,  the  mortality  practically  nil. 

As  we  study  Die  literature  of  pa.st  epidemica  and  the  observations 
made  on  the  last  epideroic  in  different  places,  wo  Hnd  that  this  expcri* 
ence  has  been  universal.  In  the  1H98  epidemic,  Heyfrldor  sjieaks  of 
Siberian  fever,  whieh  was  at  first  looked  upon  as  malaria,  and  noted 
the  absence  of  catarrhal  symptoms  in  the  respiratory  organs.  Just 
before  this,  the  epidemic  outbreak  in  Conatantinople  was  s]>oken  of  aa 
"dengue  fever,"  and  sindlar.  unrecognized,  mild  casos  characterized 
the  beginnings  of  the  epidemic  in  Petrograd.  During  the  war-epidemio 
of  1917  and  1918,  Vnughan  and  PfllmcKalso  noted  tlie  nTHjortnin  and 
mild  charactei*s  of  the  first  cascis  at  Camj)  Oglelhor]jc  (in  March,  li)18) 
and  in  Italy.  San  Pietro  suggested  .sand-fly  fever  as  a  possible  diag- 
nosis. 

These  considerations  may  seem  irrelevant  in  a  book  of  this  char* 
acter,  bat  are  important  in  indicating  that  etiological  investigations 
on  influens^a  must  include  a  careful  study  of  caaes  of  t)iis  kind.  In 
the  later  periods  of  the  first  epidemic  waves,  as  well  as  in  the  second 
and  third  waves,  the  overwhelming  majority  of  the  case^.  because  of 
secondary    infection,    are    respiratory    in    chanicler.    an    im])ortant 


the  susceptibility  which  it 
The  possibilities  of  error 
obrious. 


®9^  Pfeiffer  described  the  influenza 
^4f^k»l  ^«iB  ^^  spatuni  of  typical  cases  but  failed 
-'-«?>^  fW  «vsuusiiis  wore  present  in  large  nam- 
tf^  fM6s  Aud  in  those  with  pulmonary  com- 
*iMir  w  4Mtop«y;  if  the  bacterial  contents  of  the 
^m  ««M«»  MMAinH  from  tho  phar>'nx  progressively 
^Mmi.  Hi*  kdkinixa  bacilli  were  found  in  increasing 
NMnaMtiMi  proowded  toward  the  smaller  bronchi 
glme  iImI  tine,  «n  enormous  amount  of  invest iga- 
%a^^lV%«iMM«i>t  tn  rvfHril  lo  the  relationship  of  the  influenza 
4k^ ■\ttmikJ^\  Wat  ve  cannot  as  yet  state  definitely  whether  or 
-^.  ^^MtM^MlwmK^  IHiring  the  1869  epidemic  and  in  the  years 
ratcAi'ch  WHS  done  and  Huber,  Baiimler^ 
%^Mi%  Mn^mk  n^  anii  injiny  others  isolated  influenza  bacilli  with 
flMHtMMM^  ftocn  aU  tlM  various  lesions  associated  with  the  disease. 
^IJ^^mfeHniMNAir  pertMis  influenza  bacilli  were  found  with  less  and 
Im^  <t\f^wor<;v  in  iv«pinitor>*  infections,  but  still  were  found  to  be 
utOiillU  IM  9k  tfCCHt  voMXiy  individuals  even  when  they  did  not  suffer 
llwMft  rlifiitn!  infllMnaft.  It  is  difficult  to  come  to  any  deflnite  con- 
llm-jai^  ^^  iKv  t<tiotogieal  consi<lerations  involved  in  influenza  at  the 
MNWH  tUn<^  und  it  is  cjuite  impossible  to  detail  the  enormous  amount 
^Wrirtt  IImI  Kim  be^'n  done  Niuctr  188D  on  this  problem.  There  arc  few 
jj^yLOMM  iKhI  apprnr  in  the  rcjspiratory  tract  that  have  not  been 
l|ii)«^M  •!  *  I.  fMissibly  causing  influenza,  bat  most  observers 

Imw  MUkrtt>^  ■   ■-  either  to  the  conlinnation  or  refutation  of 

|*^»H^NrV  rfibim  concerning  the  spcciflc  significance  of  the  small  Gram- 
IMi^ghHvv  Imi'ilhiK  which  he  discovered.  We  fe<*l  confident  that  if  the 
4ImNM»  I»  a  biicleriol  «iiscasc  at  all,  no  other  bacteria  need  be  seriously 
vMHtinWrpd. 

It  secius  best  to  as  to  summarize  as  briefly  as  possible  the  evidence 
bMriuK  on  *.Ue  etiological  problem  in  influenza,  referring  the  render 
Kur  tWlails  to  the  books  mentioned  to  the  numerous  articles  that  have 
uppirtrcd  on  the  subject  in  the  last  three  or  four  years,  and  to  our  own 
iitjary  mentiourd  alwve,  in  the  Oxford  8eri**s. 
In  the  first  place,  let  us  reiterate  that  correct  judgment  of  etio- 
V^cal  work  in  tliis  disease  must  be  based  upon  the  recognition  that 
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influenza,  in  its  pure  and  uncomplicated  form,  consists  of  thn  mild, 
systemic,  febrile  disease  outlined  al>ove.  It  is  tlie  causation  of  tlxis 
basic  condition  whicli  constitutes  the  true  etiological  problem.  The 
point  is  to  decide  whether  the  intluenza  bacillus  initiates  this  condition, 
or  whether,  like  pueumococci,  streptococci,  and  other  bacteria,  it  may 
not  be  a  secondary  invader,  preliminary  to  wliich  there  may  have  been 
infection  by  some  other  agent*  perhaps  a  filtrable  virus,  which  opened 
the  path  for  the  secondary  invasion. 

In  favor  of  regarding  the  iufluen/a  bacilli  as  the  primary  cause 
are:  The  fretmont  i^nlnfimi  nf  Knfilli  fropi  the  throats  of  the  earliest 
cases;  the  frequency  with  which  these  organisms  have  l)cen  Isolated 


from  all  varieties  of  early  Bnd  late  eomplications;  the  distri!.ution  of 
the  JnHuenzn  baeilli  in  the  bronchial  trees  in  fatal  cases,  and  their 
discovery  in  many  cases  in  pure  culture  at  autopsy;  the  wide  distribu- 
tion of  the  ortranisnis  throughout  communities  at  times  of  epidemic, 
and  their  gradually  diminishing  fre^iuency  in  normal  and  diseased 
respiratory  passages  as  epidemics  fade  into  the  oast. 

The  recent  discovery  by  Parker  in  our  laboratory  of  the  powerful 
poisons  which  can  be  obtained  from  young  influenza  cultures,  has 
further  given  strength  to  The  possibility  that  the  [jrofound  prostration 
and  s>-stemic  symptoms  in  an  influenza  patient  might  be  due  to  absorp- 
tion of  such  poison  from  even  a  small  focus  in  the  throat. 

Recently,  also,  Cecil  and  Blake  carried  out  a  series  of  significant 
experiments  in  which  they  increased  the  virulence  of  influenza  baeilli 
by  passing  them  throiigh  mice  and  inoculated  these  cultures  into 
Philippine  inonkeys  by  swabbing  them  into  the  nasal  mueosa  and 
injecting  them  into  the  tracliea.  They  obtained  acute  respiratory  dis- 
ease, with  prostration  and  subsequent  respiratory  symptoms,  bron- 
chitis, etc.,  in  these  animals.  The  experiments  are  not  eonclusive,  since, 
of  course,  it  was  impossible  to  say  that  the  disease  which  they  pro- 
duced was  analogous  to  influenza  in  the  human  being.  Cecil  also  has 
carried  out  similar  experiments  on  human  volunteers.  The  idea  under- 
lying the  ejcperiinents  was  the  assumption  that  the  virulence  of  the 
strains  used  must  be  raised  to  a  certain  pitch  before  simple  introduc- 
tion into  the  nose  can  lead  to  typical  disease.  In  his  human  experi- 
ments, Cecil  obtained  moderate,  local  and  systemic  symptoms  which 
suggested  very  mild  influenzal  attacks.  None  developed  temperature. 
Other  investigators  who  paid  less  attention  to  the  \irulence  of  the 
strains,  particularly  Wahl,  White  and  Lyall,  Bloomfield,  Rosenow  and 
McCoy  and  others,  have  obtained  entirely  negative  results. 
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Against  the  assumption  of  the  etiological  importance  of  the  influ- 
enza bacillus,  are  the  occasional  failurcji  to  find  these  organisms  in 
early  cases,  the  frequent  presence  of  the  bacilli  in  the  throats  of 
normal  individuals  suffering  from  no  tj'pical  influenza,  and  their 
presence  in  interepidomic  periods  in  many  pathological  conditions 
observed  in  clinical  influenza;  their  frequent  presence  as  complicating 
invaders  in  whooping  cough,  measles,  etc.,  and  the  antigenic  multi- 
plicity of  strains  isolated  at  times  of  epidemic.  The  absence  of  the 
organisms  in  most  early  blood  cultures,  also,  should  be  added  to  the 
negative  evidence. 

Investigations  of  antibodies  in  the  serum  of  cases  that  ai'e  sick 
permit  of  no  etiologic  conclusions,  since  secondar>'  invasion  might  lead 
to  antiljody  formation,  whatever  the  primary  cause. 

Protection  experiments  with  vaccines  have  been  absolutely  incon- 
clusive. 

All  of  this  evidence  must  he  considered  in  connection  with  recent 
experiments  upon  the  ptwsibility  of  causation  by  a  filtrable  virus  in 
influenza,  a  problem  upon  which  much  work  has  been  done,  and  which 
we  must,  therefore,  include  in  our  summary  as  follows: 


Filtrable  Virus  and  Inflitenza. — The  idea  that  a  filtrable  virus 
might  he  the  etiological  agent  in  influeuiui  is  suggested  by  the  char- 
acteristics of  the  pure  uncomplicated  mild  cases  described  above,  the 
extreme  infectionsness  of  the  disease,  and  the  negative  character  or, 
at  least,  the  lack  of  uniformity  of  the  bacteriological  findings  in  early 
cases.  In  consequence,  a  considerable  number  of  workers  have  attacked 
the  problem  from  this  ytoini  of  view.  In  1918,  Nicolle  and  Lebailly' 
reported  on  studies  made  on  the  filtration  of  influenzal  virus  and  its 
inoculation  into  animals  un<l  man.  They  filtered  the  blood  and  nasal 
secretions  of  uncomplicated  grippe  cases,  and  instilled  them  into 
conjunctival  siics  and  nasal  cavities  of  several  monkeys  (Macaemis 
Sinicufl)  and  into  a  number  of  human  volunteers.  They  obtained 
symptoms  within  about  six  days  in  several  monkeys,  and  in  two  men, 
but  were  ujiable  to  carry  the  infection  into  a  second  generation.  They 
concluded  that  the  filtrates  of  secretions  in  influenza  are  virulent,  and 
can  infect  human  l>eings  and  certain  monkeys  by  nasal  and  con- 
junctival inoculation. 

Very  soon  after  this.  Uujarric  do  la  Riviere '  filtered  blood  from 


'SicoUe  and  tebaiUy,  Aim.  do  TIiwU  Put.,  33,   1919,  385. 

^Uujnrric  de  la  Sivierr,  Coippt.  Rend.  Acad.  Hm  S*'j(*nc<»«,  167,  lfll8,  406. 
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four  inflaciiza  cases  and  injected  it  into  himself.    He  became  definitely 
ill  \Yitli  intiucnza-like  Kyriiptoiiis. 

Lister  and  Taylor  *  in  1919  carried  out  a  series  of  filtration  expex'i- 
mcnts  which  may  bo  summarized  as  tending  to  rei'ute  the  idea  that  the 
influenzal  virus  is  filtrable.  In  the  same  year,  Bradford,  Uashford 
and  Wilson  °  claimed  that  they  liad  produced  disease  in  animals  witli 
filtrates  of  tlie  blood,  sputum  and  other  exudates  from  influenza 
patients,  and  had  grown  from  this  a  minute  Alter  pa.ssing  lK>dy.  This 
work  wag  later  withdrawn  by  the  writers  Ihemselvas,  ClaiiDs  of  the 
filfrability  of  the  influenzal  viru.s  on  the  basis  of  expfrimenis  carried 
out  by  filtration  of  influenzal  secretions  and  inoculation  into  monkeys 
and  man  were  also  made  in  1919  by  Lesehke,'*  Fejes,*  and  others,  J^ 
reivew  of  most  of  the  Gcrniau  etiological  work  is  to  be  found  in  the 
Centralblatt  fur  Hakteriologie,  (Ref.,  68,  1919,  p.  401).  Selter,*'  fail- 
ing to  find  influenza  baeilli  with  any  regularity  in  supposedly  typical 
cases,  filtered  the  nasopharyngeal  mucus  and  gargle  water  of  patients  in 
the  early  stages  of  the  disease,  and  sprayed  it  iuto  his  own  throat  and 
that  of  a  woman  assistant,  both  of  them  inlialing  the  spra3\  In  both 
tf  them,  after  17  to  20  hours,  he  claims^  mild  influenza  resulted. 
'Yanianouchi^  Sakami  and  Iwashima '  carried  out  more  extensive 
experiments  in  1919.  If  one  could  accept  these  experiments  without 
qu(.*stion,  the  filtiability  of  the  virus  of  intluenza  would  be  an  estab- 
lished fact.  In  their  tirst  experiment  they  emulsified  the  sputum  of 
43  influenza  patients  in  Ringer's  solution.  Part  of  this  they  filtered. 
The  unfiltered  cmulsifin  ihoy  injected  iuto  the  noses  and  throats  of  12 
^aithy  people.  Thu  liltrate  of  the  same  enmLiion  was  similarly 
injected  into  the  nosea  and  throats  of  12  other  healthy  people,  6  of 
whoni  had  had  influenza.  All  of  the  24,  except  the  ones  who  had  had 
influenza  recently,  came  down  with  an  influenza-like  malady  after  au 
incubation  of  two  or  three  days.  Following  this,  they  injected  the 
filtrate  of  blood  of  influenza  patients  iuto  the  noses  and  throats  of  6 
more  healthy  people,  with  similar  positive  results.  Filtrates  of  sputum 
were  inoeulatwl  into  4  healthy  peojde,  and  4  others  received  filtrates 
of  blood  of  influenza  patients,  subcutaneoualy.    All  except  one,  who 


*LitUr  and  Tatflor,  Pub.  South  Afric.  Inst.  Med.  Ree.,  April  30tb,  1910,  No.  12. 

*  Bradford,  Hash  ford  ami  Wihou,  Lancet,  1,  1919,  169. 

*LcJtchle,  Jivtl  klin.  Wneh..   11,  1910. 

^Fejeit,  I)put.  Die<l.  Woi-h..  IPID,  65.1. 

*SalUr,  Ueut.  ino.l.  Wooli.,  1918,  9;12. 

*yomanoutht  Sakami  nnd  hcnshitMf  X^toeot,  1.  1919,  971«  • 
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hud  had  influenza,  came  down  after  two  or  tliree  days.  Finally,  pure 
cultures  of  Pfeiffer,  and  mixed  cultures  of  Pfeiffer  baeilli  with  pneu- 
mococei,  staphylococci  and  streptococci  were  injerted  into  the  noses 
and  throats  of  14  healthy  people  who  had  not  had  iniluciizu.  No 
B>Tnptoms  followed  these  injections.  More  recently,  Olitsky  and 
Oates  '**  reported  upon  experiments  they  had  made  in  the  18  months 
previous  to  publication,  bejnnning  during  the  epidemic  wave  of  li>18. 
They  intratrachcally  inoculated  se<'retions  from  influenza  patients  in 
the  early  slagew,  into  rabbits.  After  a  short  jxM'iod  these  rabbits 
developed  fever,  leucopenia,  minute  pulmonary  hemorrhage,  and 
pulmonaiy  edema  and  emphysema.  The  rabbits  did  not  ordinarily 
die  of  the  disease^  but  when  they  killed  them  in  the  active  stages  and 
filtered  the  material  from  these  pulmonary  lesions,  they  were  able  to 
continue  pro<lucing  such  disease  in  rabbits  with  the  filtrate.  They 
proved  by  careful  experimentation  that  the  symptoms  and  lesions  they 
obtained  were  not  due  to  ba<!teriB  in  the  ordinary  sease  of  the  word. 
It  is  impossible  at  the  present  time  to  comment  eojiclusively  on  these 
results,  but  the  evidence  is  submitted  to  show  that  there  is  a  consider- 
able amount  of  evidence  at  the  present  time  wbicb  should  make  one 
conservative  in  definitely  claiming  etiological  relationship  for  the 
infiuenza  bacillus. 

EPIDEMIOLOGY  OF  INFLUENZA 

As  stated  l)ofore,  the  etiological  and  diagnostic  iliffieulties  in  con- 
nection with  influenza  are  such  that  records  of  the  disease  arc  less 
apt  to  be  reliable  than  would  be  similar  records  of  smallpox,  diph- 
theria, etc.  However,  a  great  deal  is  known  about  pa.st  epidemics 
which  have  been  described  with  sufficient  accuracy  to  permit  us  to 
recognize  them  definitely  as  true  influenza  epidemics.  A  great  deal 
has  been  written  in  the  past  and  is  available  in  the  works  of  Calcnus 
of  Oriefswald  (1579),  Jacques  Pons  of  Lyon  (1596),  Sydenham 
(1675),  Slevogt  (Jean,  1712),  Haygrath  and  Hamilton  (1775), 
Pringlc  and  Huxham,  Massin  (Strasaburg,  lftr>fl)  and  many  others. 
Lciehtenstem,  who  ha«;  written  a  var>'  thorough  treatise  on  influenza 
tabulates  the  great  influenza  epidemics  of  the  world  as  follows: 

Less  extensive  outbreaks  seem  to  have  prevailed  in  different  parts 
of  the  world  between  1709  and  1912. 


I 


OHttky  And  Gates,  Jour.  Exper.  Med.,  33,  19S1,  No.  2  and  3. 
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Between  1729  and  1733  the  diseaae,  trareling  from  Russia  west- 
ward, spread  over  Europe  in  two  great  waves,  one  iu  1729  and  the 
other  in  1732. 

Another  epidemic  started  on  the  shores  of  the  Baltic  in  1742. 

In  1757—1758 
1761—1762 


1767 


Epidemics  occurred  o£  whieh  we  have  but  poor 

gi'Ogi-aphical  records. 


Of  the  epidemic  of  1742,  Friedrich  states  that  all  but  about  one- 
tenth  of  the  entire  population  of  Germany  was  attacked. 

P*i*om  1781  to  17b2  an  epidemic  supposed  to  have  started  in  China 
spread  through  Siberia  to  Russia  and  thener  to  Europe. 

Another  traveled  approximately  the  same  route  in  1788. 

The  same  thing  occurred  between  1799  and  1803. 

In  1827  tliere  waji  an  outbreak  iu  Europe  less  extensiv*'  than 
most  of  the  others. 

Between  1830  and  1833  there  were  two  or  three  pandemic  waves, 
the  first  one  supposedly  originating  in  China. 

Other  oitbroaks,  again  traveling  from  East  to  West,  occurred 
in  1836  and  1847.  During  this  epidemic  the  Prussian  Army  is  said 
by  Friedrich  to  liave  bein  attacked  in  its  entire  personnel. 

These  brief  data,  which  bring  us  up  to  the  pandenuc  of  1889,  arc 
condensed  chiefly  from  Leichtenstern." 

Thf  chararteristics  of  intiucnza  rpidemics  are  siuumarized  by 
Leichtenstern  in  a  manner  which  can  l>e  accepted  as  roughly  dcscril>- 
ing  the  artiial  farts  on  the  basis  of  experience  mth  the  last  war- 
epidemic.  1.  The  disease  appears  in  tnie  pandemic  waves  ^  2.  it 
travel.s  with  tremendous  spot  d  over  the  globe;  3,  it  is  characterized 
by  sudden  mass  infeetion;  4,  it  is  rapidly  burnt  out  after  several 
weeks  in  one  locality;  5,  it  is  independent  of  season  or  weatlier^ 
6^,  it  begins  at  first  witli  an  enormous  morbidity  and  a  relatively 
slight  mortality;  7.  it  is  but  slightly  influenced  by  age,  sex,  or 
occupation. 

The  seeond  eharaeteristie  which  we  have  mentioned,  namely,  that 
the  disease  seems  to  originate  in  one  particular  part  of  the  world 
and  from  there  spreads  out  (such  foci  having  been  also  described 
as  existing  in  Asia  (Nettcr),  China  (Pearson),  etc.),  is  at  the  present 
time  somewbat  in  dispute,  Frost^^  and  others  believing  that  the 
last  two  epidemics  probably  started  in  several  places  at  once. 


**  Leichlenjttem.  Inflin^nzft  in  the  IDth  Century.  2nd  Edit.,  Sticker,  Leipzig*  1012. 
"Frost,  V.  S.  Public  Health  Scrv.  Rep.,  Ko.  550,  August  15th,  1919. 
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a<  1S89  probably  started  in  the  East  where  it  is 
Ml  CB  outbreak  of  so-called  ''dengue  fever''  in  Con- 
1:^  formed  one  of  the  earliest  manifestations.  Late 
i  ruiy  1889.  it  seems  to  have  appeared  synchronously 
i&  Russia  and  in  Siberia.  Heyfetdcr*^  saw  cases  in 
May,  1889»  and  wrote  of  its  enormous  westward  speed 
Ia  October  it  reached  Petrograd,  and  in  November 
»y.  It  swept  westward  through  France,  Austria  and 
l|i^^«,  Yy^dung  Spain  in  early  December^  New  York  and  London  by 
Ite  vMMk  of  IVcembor,  and  by  this  time  had  also  reached  the 
1(lrita4Slat<9  from  the  other  aide,  liaving  traveled  eastward  as  well 
m.  wmtMmrd  from  its  origin. 

It  k  quite  certain  at  the  prespnt  time  that  jnflueny.a  is  spread  by 
JtWt  and  indirect  contact.  The  tempestuous  suddruness  with 
%iiM  it  attacked  wliole  communities  formerly  gave  rise  to  the 
^(ilillQui  that  it  was  spread  by  other  means,  such  as  air.  dust,  etc.. 
^  Mxidics  of  the  last  two  epidemics  seem  to  contradict  this.  It 
^|kK«  tiol  travel  more  rapidly  than  human  communication,  as  shown 
4tH4ng  the  1SH9  epidemic  by  Parsons/*  Friedrich.*'  and  others. 
\>MMmun)ties  that  are  out  of  touch  witli  infected  populations  by 
r«(«MOii  of  lack  of  communication  (islands,  mountain  tops,  etc.), 
MiUally  remain  uninfected.  Examples  of  this  were  noted  during 
tliip  1889  epidemic  on  the  Island  of  Horkum,  and  on  the  Senlis 
mountain.  In  large  cities  the  epidemics  burn  themselves  out  within 
a  relatively  short  time,  while  in  country  communities  where  com- 
muidration  is  slower  and  the  population  is  scattered,  it  travels  more 
alowly  and  lasts  longer.  According  to  the  studies  of  Abbott  of  the 
^)vidcmie  in  Massachusetts  in  January,  1890,  it  was  shown  that  from 
Shi'  4i\\  of  January  to  the  10th  of  Februai-y,  there  were  about 
WWIKK)  eases,  that  is,  about  40  per  cent  of  the  population,  and  the 
dlaraac  Imd  practically  burnt  itself  out  in  this  short  period.  In 
Inuulon,  the  epidemic  appeared  in  December,  attained  a  death  rate 
of  2><.l  per  thousand,  during  Febniary.  and  began  to  decline  in 
March.  During  the  last  pandemic  similar  facts  were  observed,  al- 
though the  state  of  war,  necessitating  the  transportation  of  large 
bodies  of  men  from  one  part  of  the  world  to  another,  rendered 
tracing  of  the  correlationship  of  influenza  and  travel  routes  extremely 

"iZry/rMrr.  Wien.  klin.  Woch.,  1890,  3,  11, 

■•  i*or*o»i.<,  Loral  Gov(«niin«iit  Board  Report,  London,  1893. 

"  Fii^rff (t»A,  Arb.  a.  d.  k.  Gemmdh.,  1R94,  Bd.  9. 
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diffionlt.  However,  MaeNcal*"  who  lias  written  up  the  progress  of 
itlie  epidemic  umoug  American  troops  in  France  cites  a  number  of 
eases  where  a  true  connection  between  stiip  communication  and 
■llie  outbreak  of  influenza  could  be  observed.  Hospital  outbreaks, 
.»uch  as  the  one  described  by  Foster  and  Cookson/'  and  prison 
dutbreaka.  such  as  the  one  desrribed  by  Stanley"  for  the  San  Quen- 
;th;  Prison,  very  definitely  prove  the  paramount  importance  of  con- 
tact intVctiou.  Stanley  shows  delinitely  that  the  disease  was  brought 
in  by  an  infected  prisoner,  and  tluit  prisoners  in  contact  with  this 
one  and  with  other  infected  inmates  contracted  the  disease,  while 
LtiioHe  who  wer**  isdlaled  in  other  huildings  or  not  in  particularly 
eontact  with  ot hoi's,  were  spared.  As  to  the  suddenness  with 
^hieh  the  disease  attacks  a  jfreat  many  people  in  a  community, 
the  chief  point  which  would  make  it  seem  that  contact  might  be 
ontircly  responsible,  this  can  probably  be  explained  by  the  extreme 
linfectiousne.sH,  the  large  p<*rcentage  of  suseeptibles,  and  the  fact 
that  people  in  the  early  stages  of  the  milder  forms  of  influenza  are 
ap  and  about  and  are  freely  mingling  mth  their  fellows.  An 
.epidemic  is  rarely  recognized  in  a  large  community  until  two  weeks 
or  longer  after  the  first  eases  have  appeared.  Parsons  in  his 
studies  of  the  epidemics  in  England  in  1889  and  1890,  calls  attention 
to  the  fact  that  influenza  is  not  more  rapid  in  its  spread  and  epidemic 
onset  than  was  smallpox  in  the  days  before  vaccination.  He  also 
has  found  evidence  that  shows  that  in  localities  where  the  outbreak 
seemed  particularly  exi)losive,  this  eould  often  be  traced  to  meetings 
of  crowds  at  conventions  or  other  organizations  at  times  just  pi'eced- 
ing  the  beginnings  of  the  epidemics.  The  explo.sivcness  of  the  out- 
breaks during  the  last  epidemic  was  evident,  particularly,  in  military 
communities. 

Influenza  epidemics  are  always  followed  bv  secondary  and  tertiary 
waves  during  wtiieh  the  disease  after  a  definite  Ifipsp  of  time  sei'ms 
to  return  often  in  a  more  dangerous  form.     This  has  been  noted  in 
ilmost  all  carefully  studied  epidemics. 

After  th<'  ei)idemies  of  1729  and  1730,  secoTidary  waves  occurred 
in  1732  and  1733.  After  the  1780  to  1781  epidemic,  another  series 
of  waves  followed  in  1782.     The  1788  epidemic  was  followed  by 


^*A[*u-ScrtL  Arch,  of  Tntor.  ^fp.l.,  2.3,  1919,  667. 

»  Fonter  and  Cooknon,  Lancot,  2,  1918,  585. 

"*  Stanley,  V.  S.  Pub.  Health  9erv.  Rep.,  No.  IP,  M»y  9th,  1919. 


:4*  tSOOt  and  ^milar  observations 

i4ft  tfai  UHi  1837.    The  must  careful 

fcgf   Ptxsotis   during   the    18d9 

iukg  tb«^  £rst  wave  whicti  be^;an 

^jirr  *«#  KStid  ttf  I>iM>  a  second  wave  in   the 

M  m  ^m  wmitT  of  1891  to  1892.     Fru«t 

~  -.•'itiMm  tfpidemies,    and   hus    come    to 

V*  biis  attouipted  to  e.slabliHli  a  law 

r  twrt^n  pandemics,  and  for  thii 

^  v>:  each  outbreak.     In  general,  liiH 

.  V  U  an  approximate  period  of  ten 

tJM«^  mxkd  that  a  period  of  about  thirty- 

iiuiividufll   waves.     We   cannot   go 

..*ts  in  ll»e  present  work,  but   refer 

<«  \>y  |ir«>vrul««,  and  t!ie  more  recent  paper  by 


-vHiftr^  WATvft  have  certain  characteristics  which 

tU)Wv     fft  oontrast  to  the  relatively  mild  onsei 

V   lh«ao  lator  waves  are   marked   by   greater 
^^^^^^^___  ■>— ^ — 

_    -■    '\\nmnoai  universal  Kecondary  infection.    The 
.■ifc  4  ittteh  more  dangerous  respiratory  form.     The 

pvvly     hiphiM-    rlm-inp    th«-sf    whvow    tlmn 

»»Utbc»ttk.^  Iji'iehlenslern,  also  agrees  tliat,  in 
t«rliiirjr  waves,  that  the  morbidity  is  lower  and 
MM^^  higher.     Similar  observations  have  1>een  made 
^  "iMmMfcfc  I  "^  '*'•    *^*'  1^^1^*^  epidemic. 

r««^M\  n\U'  u'lives  do  not  travel  with  the  same  speed 

*  .  ;  IBft^  Mtl^l  aa  do  the  first  waves.    Cases  are  more  scat- 

^  ¥i  p«trt(Ml  or  prevalence  is  more  prolonged.    These  waves 

^  >«pUy,  but  play  out,  in  gradually  diminishing  rippU*a, 

j^  >i{    yeara.      Also,    according    to    Leichtenstern,    these 

in  t   u-rtinry  waves  do  not  seem  to  take  their  origins 

(i^  laci'.  hut  crop  up  here  and  there  from  many  scattered 

ay^  says.  **thoy  have  appeared  in  separate,  synchronous 

^m^^^^,,.,  ,  xploaioiiH,  without  coniie<'1iun  Iwlween  various  reap- 
y««v«ii»W  l»  differtnt  places,  as  this  was  possible  during  the  first 
^y^sarnkMCi'^  111  1889." 

mumm^hfi  Uncot,  2,  1I>10.  sna. 

•|V^  *^  **•  S.  Pub.  Urolth  8crv.  Rep.,  No.  548,  August  Stb,  1639. 

mrttMyrf,  Arb.  a.  U.  k.  Uc«uiiOb.,  0,  1894.  4U. 


EPIDEMIOLOGY  OF  INFLUENZA 


403 


What  ia  at  \hv  bottom  of  this  sufocssion  oC  waves,  it  is  hard 
^o  sav.  ilie  most  natural  pvplflnfltion  wmiM  Iw  thnt  ilifro  j^  a 
short  livp<j  iminiinity,  conferred  by  the  orJBrinal  attack,  and  that  the 
n1  niul   tliinl  wavPH  annear  at   titnt-s  wlion  the  infpctiniia 


ussaixi 


.^gCU^ 


is  still  widely  distribiitod  wliile  the  immunity  has  waned.  It  is 
very  difficult  to  get  at  the  facts,  but  Bcrious  attempts  are  being 
made,  particularly  by  Frost  and  others.  Studies  by  Jordan  and 
Sharp"  at  the  (inat  Lakes  Training  Station  indicate  that  no  marked 
immunity  existed  twelve  to  fifteen  months  after  the  first  attack. 
This,  too,  seems  to  be  the  conclusion  reached  by  Frost  who  states 
that  in  Baltimore  those  persons  who  were  attacked  during  the  1918 
1o  1919  epidemic,  showed  no  relative  immunity  during  the  epidemic 
of  1920.  It  would  seem  in  general  that  an  almost  universal  infection 
of  a  community  with  the  first  mild  disease  conferred  a  short  lived 
■immunity.  As  a  consequence  of  this,  the  epidemic  would  burn  itself 
out  and  wane.  (Jradual  return  of  susceptibility  in  the  course  of  Ihe 
subsequent  period  of  months,  not.  however,  bringing  tlie  c/>mmuidty 
back  to  the  very  low  universal  resistance  which  it  was  characterized 
by  before,  would  now  create  a  soil  in  which  reinlruduction  of  the 
infectious  agent  could  produce  many  cases,  but  in  which  spread 
would  be  less  rapid  and  extensive.  Such  a  view,  however,  must 
be  regarded  as  purely  tentative,  and  it  is. hoped  that  a  final  study 
of  the  statistics  gathered  during  the  great  war  epidemic  will  clear 
this  matter  up. 

It  is  a  difficult  question  to  decide  where  the  last  war  epidemic 
began.  After  the  1889  epidemic,  it  seems  that  the  disease  may  have 
remained  endemic  in  a  great  nmny  different  parts  of  the  world.  It 
•may  have  been  so  universally  distributed  that  we  cannot  speak, 
in  this  ease,  of  a  definite  focus  in  China  or  Turkestan,  as  this  was 
done  in  past  epidemics.  Before  1889,  the  world  was  not  so  con- 
tinuously traveled  over  by  large  numbers  of  people.  There  was 
less  travel  by  railroad  communication,  .steam-ship  lines,  etc.  It  may 
bo  that  this  development  of  civilization  has  completely  altered  the 
epidemic  conditions  prevailing  in  regard  to  intluenza.  It  has  been 
suggested  in  the  case  of  the  last  epidemic  however,  that  it  came 
from  the  East,  as  did  pre\^ouR  outbreaks.  McXalty  in  an  article  in 
Nelson's  System  states  that  the  disease  was  prevalent  in  March, 
1918,  in  China,  and  that  in  April  eases  appeared  on  a  Japanese  ship 
in  a  Chinese  port.    Frost  who  has  given  particular  attention  to  this 
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49-* 


FATH(K;KNIC  MlCTi(X>lKIANlSMS 


question,  on  tlu'  other  haiul^  Hiuls  thai  \\w  roots  ol'  tlio  opidcmic  go 
far  deeper  than  this,  since  his  studies  of  slatislics  of  respiratory 
diseases  Sn  the  Unit<'d  Stales  seem  to  show  llmt  as  early  as  Deeeniber, 
1915,  and  January,  11)16,  there  oecurred,  in  New  York  and  i  l*'veiand. 
sudden  and  consideraliie  rises  in  mortality  from  respiratory  dis"- 
eases.  In  January.  1916,  infiuenza  was  reported  in  twenty-two  cities 
of  the  Union.  These  epidemics  were  mild  and  nitraetcd  little  at- 
tention. 

During  the  winter  of  1917,  many  so-called  cases  of  influenza 
occurred  in  Hurojic  among  Freneh  and  nritish  tntops.  In  the  winter 
of  1917,  similar  cases,  supposedly  influenza,  appeared  in  many  Ameri- 
can camps.  MaeNeal  states  that  in  November  and  December,  1917, 
and  Jajiuary,  1918.  there  were  many  eases  of  so-calU-d  influenza  in 
the  Amerieau  Kxpeditionary  Forces.  The  disease  appeared  without 
question  at  Camp  Oglethorpe  in  March,  1918.  a  montli  l)efore  it  was 
recognized  in  any  numbers  in  Europe,  almost  at  the  same  time  at 
which  it  seems  to  have  appeared  in  Spain. 

It  cannot  hv  said  with  definiteness  just  where  the  lasi  epidemic 
Iw'gan,  liut  if  we  summarize  the  evidence  »vuilal)Ie  at  Iht;  j>resent 
time,  it  would  seem  that  Frost  is  probably  right  in  thai  it  did  not 
begin  in  a  single  place,  as  pnnious  epidemics  are  said  to  )mve  begun, 
but  startetl  in  a  great  mau.v  different  places  almost  at  the  same 
time. 

Like  other  epidemics  it  appeared  in  successive  waves,  the  first 
wave  probably  Ix^ginning  in  1917  in  some  jdaees,  in  the  spring  of 
1918  in  others.  There  was  an  internal,  and  then  in  September  and 
O'.'tober  of  1918  the  »<icond  wave  had  gathered  its  full  velocity.  This 
was  the  really  fatal  wave  all  over  the  world.  The  mortality  was 
enormous.  Pearl  estinmtes  that  in  the  I'nited  States  alune,  deaths 
from  influenza  were  not  less  than  550,(XX)  and  this  is  approximately 
five  times  the  number  ( 111,179)  of  Americuii  snldierN  oftieially  stated 
to  have  lost  their  lives  from  all  causes  in  the  war.  la  the  Stirgt^on 
fJ^neraFs  report  it  is  stated  that  influcn/.a,  with  its  complications, 
is  charged  witli  688.86  adnds-sions  of  Amcrienn  and  native  troops 
for  the  year  1918.  and  caused  2;{,0i)7  deaths,  practically  S2  per  ceiit 
of  all  deaths  in  the  Army  being  attributed  to  respiratory  diseases. 

Morphology  and  Staining — The  bacillus  of  influenza^"  (PfeitTcr 
bacillua)  is  an  extremely  small  organism,  about  0.5  micron  long  by 


'*Pfeiffrr,  Dent,  mc«l.  Wwh.,  W,  1892;  Zdt.  f.  ItyK.,  xiir,  1892;   Pfeifffv  nn.I 
B0ck,  Dput.  mcd.  Wocb..  xxi.  1S93. 
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0.2  to  0.3  micron  in  width.    Tiu'y  art-  somi 


but  show  ruuntlod  emls.     Th^-v  nin  Iv  form  L-hiiins.     Thry  are  imn- 
motile,  and  do  ynf  t'nrr*  "i^"*-^" 

Intinenza  hucilli  stain  Uash  I'asily  than  do  most  other  haeteiia 
with  tlif  usual  anilin  dyts,  and  are  best  demonstrated  with  10  per 
cent  aqueous  fuohsiii  (5  to  10 
minutes  I,  or  with  LoefHer's  melhy- 
leno-hluc  (5  minutes).  They  are 
Uruai-negtitive,  Kiving  up  the 
uniliii-^i'MtiuiL  vuilet  stain  upon 
deeolori/.atioii.  Occasionally  slight 
polar  staining  may  be  noticed. 
(.Jrouping:.  especially  in  tliin  smears 
ot*  bronchial  srerelion,  ih  eharae- 
tcristie,  in  that  the  bacilli  very 
rarely  form  threads  or  chains, 
usually  lying  together  in  thick, 
irregular  clusters  without  drfiuitr 
parallelism. 

Isolation  and  Cultivation.--l.so- 
lation  of  the  influenza  bacillus  is 
not  easy.  Pfeiffer-'  succeeded  in 
growing  the  baeillus  upon  serum- 
agar  plates  upon  wliich  ho  had 
smeared  pus  from  the  bronchial 
secretions  of  patients.  Failure  of  growth  m  attempted  suboiillures 
made  upon  agar  and  gtdatin,  however,  soon  taught  him  that  the 
success  of  his  first  cultivations  depended  upon  the  ingredients  of 
the  pus  earned  over  from  the  sputum.  Further  experimcnlalion 
then  showed  that  it  waa  the  blood,  and  more  particularly  the 
hemoglobin,  in  the  pus  which  had  made  growth  possil)lr  in  the 
first  cultures.  Pfeiffer  made  his  further  cultivations  ujmn  agar, 
the  surface  of  which  had  been  smeared  with  a  few  drops  of  blood 
taken  stenle  from  the  finger.  Ilomoglohin  separated  from  the  red 
blood  cells  was  fouinl  to  \m  tjuite  as  efiieient  as  whole  blood.  Whole 
blood  taken  from  the  finger  may  be  either  smeared  over  the  surface 
of  slants  or  phites.  or  mixed  with  the  melted  meat -infusion  agar. 
In  isoliiting  from  sputuiu.  mdy  that  secretion  should  be  used  wiiich 
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from  pure  eultiire  on  bloud  HRnr. 


**  Pfeiffer,  be.  fit. 
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Other  •suhstaueei*  which,  added  to  m-ulnd  or  slightly  alkaliii 
agar,  have  been  used  for  the  cultivation  of  influenza  bacilli  are  the 
yolk  of  eggs'"*  (not  eonfirmod)  and  spennatie  flind.'''  None  of  these, 
however,  are  as  useful  as  the  blno<l  media.  Symbiosis  with  staphy- 
lococei,-"  too,  has  been  found  to  create  an  en>ironmeni  favorable 
for  their  development. 

Iiittuenza  bacilli  do  not  grow  at  room  temperature.  I'^pon  sidt- 
ablc  media  at  37.5^  C.  colonies  api)ear  at  tlie  end  of  eighteen  to 
twenty-four,  hours,  as  minute,  colorless,  transparent  dmplets,  not 
unlike  spots  of  moisture.  These  never  become  confluent.  The  limits 
of  growth  are  reached  in  two  or  three  days.  To  keep  the  cultures 
alive,  tubes  should  be  stored  at  room  temperature  and  transplanta- 
tions done  at  intervals  not  longer  than  four  or  five  days. 

Biology. — The  bacillus  is  aerobic,  growing  in  brolh-blood  mix- 
tures only  upoii  the  surface,  hardly  at  aH  In  agar  stab  cultures,  and 
not  at  all  under  completely  anaerobic  eoiidilions. 

As  it  does  not  form  .spores,  it  is  exceedingly  sensitive  to  heat, 
ijysiceation.  and  disinfecTgrrTK — ItPUtiug  ttr  W  {".,  kdis  the  bacilli 
in  a  few  minutes.  In  dried  sputum  they  die  within  one  or  two 
liour.s.  They  are  easily  killed  even  by  the  weaker  antiseptics.  Upon 
culture  media  the  bacilli,  if  not  transplanted,  die  within  a  week  or 
less,  the  time  depending  to  some  extent  upon  the  medium  used. 

Toxin  Formation. — The  opinion  in  former  years  has  been  that 
the  poisonous  substances  produced  by  the  influenza  bacillus  were 
in  the  nature  of  endotoxins  and  a  gri-at  many  observers  noted  toxic 
symptoms  on  the  injection  of  whole  cultures  into  rabbits  and  giunea 
pigs.  There  is  no  question  about  the  fact  that  such  cultures  in 
quantities  of  a  cubic  centimeter  or  mure  can  exert  powerful  poison- 
ous action.  In  dur  lal>oralory,  Julia  T.  Parker"  recently  showed 
that  culture  filtrates  of  yoiuig  influenza  bacilli  would  kill  rabbits 
in  doses  of  from  1.5  c.e.  upward.  The  best  poisons  are  produced 
by  cultivating  the  organisms  on  hvulh  of  a  P^^  of  7.8,  witli  i>  to  10 
percent  dcfibrinatcd  rabbit's  blood.  They  were  also  i)rodnced  actively 
in  the  chocolate  broth  pro<lnee<l  l)y  the  filtration  of  such  rabbit's 
blood  broth  as  described  above.  The  nature  of  these  poisons  Is  un- 
certain.   The  symptoms  in  the  rabbits  consist  in  marked  prostration. 


^Saaijnkcff,  Cent.  f.  Bakt..  R«f.,  xix,  ISWt 
"rfiufdMi,  l>nt.    f.    Bulrt,,   xxit,   1S»7. 
^Oraiuberffcr,  Zoit.  f.  Uy^.,  xxv,  1897. 
•Parker,  Jour.  A.  M.  A.,  T2,  19 IP,  476. 
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Ivuuriance.  In  tho  hands  o£  J.  T.  Parker  in  tliis  laboratory,  this 
method  has  giveu  exocllcnl  results  and  it  in  by  uieaim  of  such  a 
medium  that  she  has  produced  the  toxic  substances  referred  to 
below.  The  fact  that  this  fluid  medium  does  not  contain  much,  if 
any,  heiho^lobin,  but  is  very  rich  in  lipoidal  substances,  makes  ua 
beJieve  that  possibly  the  nutritive  substances  in  blood  necessary  for 
the  growth  of  this  bacillus  may  consist  in  the  lipoidal  contents  of 
the  blood  cells,  rather  than  the  hemoglobin.  This,  too»  is  confirmed 
by  recent  observation  of  Avery.'* 

The  K^'T^t'ral  view,  however,  is  the  one  which  attributes  to  the 
hemoglobin  in  the  blood  the  nutritive  fiuiction 


Fm3.  51. — CotiONtEH  OF  ItVPLUfciN^A  Bacillcb  ON  fiux»D  AoAR.     (AftcT  Helm.) 

A  more  luxurious  growth  of  influenza  bacilli  may  be  obtained 
by  cultivation  in  jars  in  which  alxmt  Vao  t'lc  volume  of  air  has  been 
replaced  by  CO^. 

For  preservation  of  laboratory  cultures  of  influenza  bacilli,  the 
best  medium  is  fresh,  drfihrinati-d  rabbit's  blood,  kept  at  room 
temperature  in  the  dark.  In  this  way,  lalwratory  strains  alter 
several  generations  of  cultivation  outside  tJie  body  can  be  kept 
alive  for  weeks  and  even  months.  They  will  not  keep  well  either 
in  the  ice-box  or  in  the  incubator. 


'^  Avery,  Proc.  8or.  Gxper.  Biol,  and  Med.,  18,  192J,  6, 
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Other  •suhstant'f^  which,  adih'd  to  neutral  or  slightly  alkalin 
agar,  have  boon  used  for  the  cultivation  of  influenza  bacilli  are  the 
yolk  of  eggs"  (not  confirmed)  and  spermntic  fluid.-'  Nont-  nf  thcye, 
however,  are  as  useful  as  the  blood  modia.  S.vnd)ioKis  witli  staphy- 
lococci,**' too,  ha«  been  found  to  create  an  environment  favorable 
for  their  develupmi'nt. 

Influenza  bacilli  do  not  grow  at  room  temperature.  V^pon  suit- 
able media  at  37.5''  C  colonies  appear  at  tlte  end  of  eighteen  to 
twenty-four,  hours,  as  minute,  colorless,  transparent  droplets,  not 
unlike  spots  of  moisture.  These  never  become  confluent.  The  limits 
of  gi'owth  are  reached  in  two  or  three  days.  To  keep  tliC  cultures 
alive,  tubes  should  be  stored  at  room  temperature  and  transplanta- 
tions done  at  intervals  not  longer  than  four  or  five  days. 

Biology. — The  bacillus  is  aerobic,  growing  in  brotli-blood  mix* 
tures  only  upon  the  surface,  hardly  at  alt  In  agar  sTab  cultures,  and 
not  at  all  under  comi)letely  anaerobic  conditions. 

As  it  does  not  form  spores,  it  is  exeeedingly  sensitive  to  heat, 
desici'utinn.  ana  disintei^T^mTK: — llualirig  Hi  ttO"  ('.  "Rills  the  haeilli 
in  a  few  minutes.  In  dried  sputum  they  die  within  one  or  two 
hours.  They  arc  easily  killed  even  by  the  weaker  antiseptics.  Upon 
culture  media  the  bacilli,  if  not  transplanted,  die  within  a  week  or 
less,  the  tinii^  depending  to  some  extent  upon  the  medium  used. 

Toxin  Formation. — The  opinion  in  former  years  has  i>een  that 
the  poisonoiLs  substances  produced  by  the  influenza  bacillus  wero 
in  the  nature  of  endotoxins  and  a  great  many  observers  noted  toxic 
symptoms  on  the  injection  of  whole  cidtures  into  rabbits  and  guinea 
pigs.  There  is  no  question  about  the  fact  that  such  cultures  in 
quantiticR  of  a  cubic  centimeter  or  more  can  exert  powerful  poison- 
ous action.  In  our  laboratory,  Julia  T.  Parker"**  recently  showed 
that  culture  flltrates  of  young  influenza  bacilli  would  kill  rabbits 
in  dn.scs  nf  from  1.5  e.c.  upward.  The  best  poisons  are  produced 
by  cultivating  the  organisms  on  hruth  of  a  I'^^  of  7.8,  with  5  to  10 
per  cent  defibrinated  rabbit's  blood.  They  were  also  produced  actively 
in  the  cluM'olnte  broth  produced  by  the  filtration  of  such  rabbit's 
hliKid  broth  as  described  above.  Tlie  nature  of  these  poisons  is  un- 
certain.   The  symptoms  in  the  rabbits  consist  in  marked  prostration, 


^NnMiiMkoff,  Coot.  f.  Bakt.,  Ref.,  xix«  1896. 
"f'lin/rtin,  Out.   f,   Bftkl.,  XJtii,   ISflT. 
*■  (iratmbrrgfj,  Zoit.  f.  Ilyg.,  xxv,  lSi>7. 
"PorA-rr,  Jour.  A.  M.  A.,  72.  1919,  476. 


EPrDEMIOLOOY  OF  IKFLl^NZA 


m 


ilkut 
It  U 


flattoiiing  out  on  the  hottomH  of  the  ^Bjpres,  muRrular  woAkriMis  flnd 
dcBth  in  a  conniderable  percentage  of  the  cancM  within  two  to  hIX 
hours.  A  characteristic  feature  is  the  incubation  time  whieh  in 
reiruhirly  between  fcrty-livo  miuutcK  and  one  hour  and  uiic-half. 
Tht'sc  poisons  have  been  Mti<lird  irt  parnlltl  Heri^*s  with  Mimlbtrly 
produced  streptococcus  and  typlioid  filtrateN  by  Zintwerr  ParUrr  and 
Kuttner'**  and  belong  to  a  class  of  subHtances  probably  non-speeifift 
niul  non-antigenici  described  by  us  as  **X**  substanees.  the  exact 
nature  of  which  is  at  present  uncertain. 

IXFLUENZA   BaCTU4  Nf)T  Assl»fIATKD  WITH    El'IUKMlC    I' 

The  question  of  tlie  etiological  reltttionNliip  of  the  influ*  i 
to  the  epidemic  disease  has  been  sufficiently  diji(f*usK«*d  ahovt 
an  important  fact  that  the  i     *  a  bnrilhiH  is  a  ct)riifnoti  re 

invader   of    man    in    t fie^i j  .     i'^niir    periodw.    and    without    aiiY 

apparent  relationship  to  the  typical  epidemic  flisenMc  SuliN«*quent 
to  the  epidemic  of  1889.  its  wide  distribution  was  established  by  a 
multitude  of  investigations.  PfcifTer*'  noted  its  frequent  presence 
in  tuberculous  processes  in  his  early  Mtudie«,  and  this  ol)sr<rvation 
ras  eonftrmed  by  many  others.  It  is  pspecially  frequent  in  hro!i- 
litvtatic  cavities.  Bogg«"  report  e<i  a  number  of  such  (*niif*n  in 
which  influensa  baeilK  were  present  symbiotically  ir  the  cavity  fluids 
in  caaes  that  showed  nrgligibb'  Hymptoms.  A  nunilw-r  of  olsu'r^'^m 
have  isolated  intiaenza  tmeilli  from  the  blood  in  ea^es  that  had  died 
cf  other  conditions.  Jsehle^'  obtained  the  barilK  from  the  heart  'a 
hlood  at  autopay  from  two  ac^rtet  fever  casea.  He  alao  found  the 
orfEanisms  in  blood  eulnii-e  at  hu1op«y  in  fifteen  eaaes  of  meaiilea. 
In  one  of  these  ea««  the  influrnza  haeilliM  vas  preAent  wh^-n  the 
only  other  influenza  haeillos  lesdon  present  was  a  tonsillar  infertion. 
He  alio  foand  the  organisms  in  the  blood  fire  tiraea  in  nine  eaaca 
of  ehiekenpoz,  and  twke  in  twenty-foor  e-aaM  of  whooping  eoagli. 
He  fomd  tbem  in  the  rvapiratorv  ^pmmm^em  m  llfleen  eajw  of  diph- 
theria. Wynekoop**  has  made  similar  ctwiica,  «r7^-ifii^  in  ^on- 
n««tion  with  l^siona  of  the  larynx,  and  in  chrottie  lar  .»  foond 

tlie  oi^nuHBa  in  pore  caHnre.    He  deaerifaed  a  speeiaJ  form  '  ' 
fiff""l%^  dae  to  the  isiiMfUEa  hagflhw.    Soma  a<  thaiw  w«r«  ei<«..z««>^ 


'tftigrr,  Di«t.  mtA.  W«*Il.  1^  tmt,  SS. 
'Si##*,  130,  IMS,  MS. 


UM^  U,  I*M.  «•. 


/XKI 


patiiimiknk:  mi<:k(k>koanihmh 


niUtuliun  fill'  ili|jlilluria.     MaUiMoii"  collected  from  the  literature 
ilitrly   HMKii  in   wlilolt  inlliiiuiKii   bnoilli  w»re  present  in  the  blood 

iluiliiir  Itfo. 

l"Mn......  I lilt  ;..  (1..    i.i......i  lutyt^et-n  dcHCribed  by  WoU^ 

in  ui  II  number  of  caseH  in 


11  wit  Ik  Mtryptococci.^  Iiifluenj&a 
...•.'11  In  rhildren. 

I  the  skiill^u'  antrumjjf  Higlimore, 

\\\^  .  li.uitii  nitty  1h'  ohronically  present 

itutl  n^  :.  •    .iniltTMital  lacks  of  asthma. 

\\v  niy  of  the  present'e  of  in- 

ibitMtiiA  kwftotUi  III  oluldron  at  iho  Uuluni  UotipiUl  in  NVw  York.  In 
\\\v  iittviv)«i\lT>mlo  pvriotlM,  WolUtrin  has  found  them  present  frc- 
i)Uvhll^v  tM  iM-tiiiv'hopiU'umouU,  !«■«»  frintucntly  in  cases  of  lobar  pncu- 
ium\U.    Im  thirlK^n  ciuMm  of  hrvuichitpn4*unioiua  at  autopsy  slie  found 

\\w  *«rw  ' "^ '  '    '"     -^      <'\  Time*  al^e  found  them  in  connection 

willv  ^''  ..i-K  as  vrell  as  Wollstein.  have  fre- 

«|Wiilty  <\muU  iIh'  or^voilUM  ia  whno^Ssn^  «outb  wliec«  they  were 
i\('/^  ;<«  hviu^  atiiu^  reicnUrly  pment  after  the  diseaae  was 
wn  vtUu^I      Im  the  luu|r&  in  Bieasle«v  starlet  ferer  and  dipb- 

tlMK««  \h*iJt  iw^MHMWv  h  \yMj  ttB^mtwtL  Wolteciii  sutes  that  ahe 
Km  CSMkUHl  (W  wMtttoi'  fM^  ki  tka  tl«<aata  ol  hvaithy  iMfa&ta^ 
a^d  tKal  wWNMWtr  ift  «m  pnmmlL  it  neaeJ  t*  Kavt  a  ^efinhdr 

«ftat^ 
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The  recent  epideuuc  has  given  niucli  opportunity  for  bac- 
teriological and  serological  study  upon  influenza  bacilli  from  many 
different  types  of  lesion,  from  many  different  parts  of  the  world. 
The  result  of  these  studies  has  been  eonfiising.  Studies  of  Valentine 
and  Cooper"  have  shown  that  agglutination  reactions  do  not  in- 
dicate hcmogenicity  of  the  inHuenza  group.  Li  a  large  number  of 
isolations  and  agglutinin  reactioim,  they  found  that  very  few  of 
the  stroins  fell  into  autigenically  identical  gnmps.  Of  ton  uutoj»sy 
Strains  isolated  by  them,  all  strains  seemed  to  be  distinct.  Of 
seventy-three  miscellaneous  strains,  no  two  strains  were  identical. 
Two  strains  from  different  individuals  were  found  to  be  identical, 
but  in  a  family  in  which  there  were  six  eases  of  influenza,  all  the 
dilTereiit  races  were  distinct.  It  would  Bceni  that  either  iuilucnza 
bacilli  were  composed  of  an  infinite  number  of  antigenic  varieties 
or  that  the  agglutinin  reaction  in  these  particular  organisms,  be- 
cause of  their  small  size,  is  not  a  suitable  test  for  biological  relation- 
ship. For  the  present,  the  biological  subdivision  of  the  influenza 
bacilli  into  well  defined  groups  cannot  be  regarded  as  settled. 

Dr.  Anna  Williams*"  has  I'ecently  studied  hemoglobinophilic 
bacilli  isolated  from  the  eye  in  eases  of  trachoma.  She  believes  thai 
trachoma  is  probably  caused  by  bacteria  of  this  group.  At  first  an 
acute  infection  or  acute  conjunctivitis  occurs.  Lati-r  when  chronic 
productive  inflammation  supervenes  the  clinical  picture  is  that  of 
trachoma. 

Experimental  infection  of  animals  reveals  suscei)tibility  only  in 
monkeys.  Pfeiffer  and  Beck*'  produced  influenza-like  symptoms  in 
monkeys  by  rubbing  a  pure  culture  of  the  bacillus  upon  the  un- 
broken nasal  mucosa.  Intravenous  inoculation  in  rabbits  produced 
severe  symptoms,  but  the  bacilli  do  not  seem  to  proliferate  in  these 
animals,  the  reaction  probably  being  purely  toxic.  Cultures  killed 
with  chloroform  may  produce  severe  transient  toxic  symptoms  in 
rabbits."  Immunity  produced  by  an  attack  of  influenza,  if  present 
at  all,  IS  of  very  short  duration. 

PsEiTDO-iNPiiiTENZA   BACILLUS. — In   the  broncho-pncumonic   proc- 


"  Vahntine  and  Cooper,  Rep.  84,  Dept.  Health.  Cily  of  X.  Y„  1919,  Dcooinbcr. 
*^Vr.  Anna  }yiltiams.  Inter.  Congress  of  Hygiene  and  Demography,  Washing* 
ton,  1912. 

*^Pfckfftr  una  Beck,  Deut.  med.  Woch.,  xxi,   1893. 
'^Pfeiffer,  loc  cit. 


■»nu'    .1* 


-KioTite,  Oram-ncgrativc 

.s  teM«4  IM.  tifawnt  fHwi  truo  infim^nza  bacilli 

.  v'«tw  «ito^  aod  their  tendency  to  form 

vcnwv     Th«i»r  iiiikToOrgranisms   an*  stHt'tly 

mip  MMmjr  baoilU.  only  upon  blood  media. 

aI  i'nlirvJ>-  by  ihtW  morpholoio^  upon  twenty- 

L>4kN^t  V     AVollstrin.**  who  lins  nindo   a 

'  JMlmfti:^  I.  illi,  ]ut\h  culturally  and  by  agglu- 

K*«il«i  h«*  c\uiH»  h»  th<  conrlusjon  that  these  baoilli  are  so 

S*  »K4'  tr^M'-  hifluviun  ormndsnis  that  tho  term  pseudo-iuftucnzn 

W  di^i^'AVvlwl     Stmius  of  similar  bacilli  isolated  from  cases  of 


Pio    fia.— Koch-Wkbics  BACILLtrS 


j>rrtiucti:4,  while  differing  front  tho  otliers  in  some  of  their  character- 
UlioM,  euuJd  not  properly  bo  maintained  as  dLstiuct  species. 

Kocii-Wkkks  IUcillcb, — Koch,*^  in  \HS'^,  Weeks"  and  Kartuli», 
in  1887,  drscribcd  a  small  (iraiu-nrgative  bacilluH  found  in  connec- 
tion with  a  form  of  acute  conjunctivitis  wluch  occurs  epidemically. 
The  bacillus  is  morphologically  similar  to  B.  influenza;,  but  is 
fcrt'nerally  longer  than  Ibis  and  more  slender.  The  bacilli  grow  only 
nt  incubator  temperature.    Recent  studiea  by  Anna  Williams  at  the 


•f/W/Tfr,  Zcit.  f.  Hjx.  «l«.  W92.  '*  " 

••  tfolUflnn,  Jour.  Ki(».  M*ril.»  viii.  l^Kt. 

"Kot'/t,  Arb.  Ik.  il.  kills.  U<^uii<llicit6amt,  iti ;  i>Rt.  f.  Bukt.,  1.  ]897. 

**  nVrW,  X.  V.  G/c  ami  Ktti  Inffmi»ry  Rep.,  IBOS;  Arch.  f.  AngrnhrUli.,  1887, 
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New  York  Department  of  Health  seem  to  indicate  that  the  Koch- 
Weeks  bacillus  may  be  merely  a  variety  of  the  true  influenza  bacillus. 

Bacillus  of  Pleueo-Pnkumonia  of  Rabbits. — This  is  a  small  Oram- 
negative  bacillus,  described  by  Beck,  not  unlike  that  of  influenza.  These 
microorganisms  are  slightly  larger  than  the  Pfeiffer  bacilli  and  grow  upon 
ordinary  media  even  without  animal  sera  or  hemoglobin. 

Bacillus  murisepticus  and  BAaLLUs  HHtJsiopATHiiE. — While  mor- 
phologically similar  to  the  mieroorganisms  of  Uns  group,  these  bacilli  are 
culturally  easily  separated  because  of  their  luxuriant  growth  on  sample  media. 
The  last  two  microorganisms  are  more  closely  related  to  the  groups  of  the 
bacilli  of  bemcrrhagic  septicemia. 


CHAPTER   XXV 

^=.  WHOOPIXG  COrOH    AXB   MOBAX-AXEN 

.ODEN'd   BACILUH.    IHCRKV    BA*  ILLI'H 

-42ENOOU  BACILLUS 

(^  J^^Tb^pvAKAA*'  Pertwstix  haciUux,  B^cUlu*  of  trkrtoping- 
cough.) 


c  in  iDost  eold  count  rii-s  and.  on 
asylams  and  other  pUces  where  children 
cpidcQiic  proportions.  Occasional  <*asos 
tboQgh  they  are  rare.  The  disease'  seems  to 
«I1  through  the  year  in  large  centers,  but  is 
the  winter.  According  to  Rosenau*  susccp- 
pecty  fcner*!  and  he  states  that  the  disease  causes  at  least 
a  Tvar  in  the  United  States.  ludecil,  Rosenan  who 
tW  statistics  for  the  United  States  for  the  year  1910, 
dtot  Whooping  congh  caused  almost  as  many  deaths  as  acarlet 
Ifclatfce  pulmonar;^'  complications  that  follow  on  the  initial 
ver.  which,  in  this  disfa.sr,  nrv  nsnonsihle  for  the 
anvi  ITts  the  suhacute  and  ohronir  inflnnl^lln1in^^^  ^|f  th<-  Innp 
pyolonged  illness  and  nave  the  way  for  tu!>erculosia 
V  iiifL'ctioii.s.  For  s^initary  purposes,  an  arbitrary 
time  of  about  two  weeks  has  been  regarded  as  probably 
tik*  fii^ts.  Puring  the  incubation  time,  the  infeetioiL^tnosa 
t  a<mi  to  be  great,  the  most  contagious  period  being  ihe 
■^da>-s  of  the  actual  disease  when  the  RorJet-CKngou  bacilli 


t  np  in  large  numbrrs.  It  is  at  this  time  only  that  pure 
oi  the  organisms  can  bi»  obtained.  Very  soon  after  the 
iuAoenxa  bacilli  and  other  secondary  invaders  are  found. 
i»Mon  is  probably  by  direct  and  indirect  contact  as  in  other 
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respiratory  infoctions.  and  thn  general  infectiousness  is  very  itif^h^ 
since  susceptible  cliildren  definitely  exposed  do  not  often  escape. 
After  tlie  disease  has  set  in,  the  patient  may  remain  infectious  for 
others  ail  throug:h  the  disease  and  lung  into  convalescence.  It  ia 
best  to  keep  children  isolated  for  several  weeks  after  the  cough 
has  subsided.  It  has  been  possible  to  reproduce  conditions  simu- 
lating the  disease  in  monkeys  and  in  dogs,  and  there  is  a  suspicion 
that  the  disease  may  be  transmitted  by  domestic  animals,  especially 
dogs.  Thoug:h  tliis  is  not  absolutely  certain,  Kosenau  and  other 
sanitarians  advise  care  in  this  rcgrard. 

Prevention  consists  in  early  diagnosis  and  isolation,  exclusion 
from  school  and  al)sohite  avoidance  of  close  contact  with  other 
children.  Quarantine  should  continue,  as  stated  above,  for  several 
weeks  after  tlie  cough  has  completely  subsided. 

In  1901)  Bordet  and  Oengou^  observed  in  the  sputum  of  a  child 
sulfering  from  pertussis  a  small  ovoid  bacillus  which,  though  similar 
to  the  influenza  bacillus,  showed  a  number  of  morphological  char- 
acteristics whi<'h  led  them  to  regard  it  as  a  distinct  speeie.s.  As  they 
were  at  first  unable  to  cultivate  this  organism,  their  discovery 
remained  qiicstionable  until  1906,  when  cultivation  succeeded  and 
the  biology  of  the  microorganism  was  more  fully  elucidated. 

Morphology. — The  morphology  of  this  organism  is  described  by 
them  as  foUows:  The  organism  in  the  sputum,  early  in  the  disease, 
is  scattered  in  enormous  numbers  indiscriminately  among  the  pus 


Cells,  and  at  times  within  the  cells.  It  is  extremely  small  and  ovoid. 
and  frequent iy  is  so  short  that  it  resembles  a  micrococcus.  Often 
its  poles  stain  more  deeply  than  the  center.     In  general,  the  form 

'Bordet  et  GenffoUf  Ann.  de  riuat.  Pasteur,  1900 


m 


'«»«A*i» 


tJMHgh   otM'asiunully  slightly   (arg:f»r 
YUty  are  iwually  grouped  separately, 
«c»d  to  end. 

bftritius  in  morphology,  the  hacilJus 

OToiJ  and  somewhat  larger.    It  has, 

Itf  pJrtiinorphisui  and  involution. 

Uj«4«M»«0|tou  haeillus  may  he  stained  with  al- 

•    ^^UHl^carbol-fuehsin.  or  aqueous  fuehsin  sola- 

AHi   rr^onunended   as   a   staining-solution 

.  up  as  follows : 

IIHI  f.c. 
WMI  e.f. 


^  ^tmd%v  Aftd  add  500  c.c.  uf  5  per  reot  enrl>uJjc  ueiO  in  wutor. 
wt  ^  two  days  ond  Hlter. 


*^   \\k  mrthod  of  (fram,  the   hacillus  of  liurdot  and 

'  '  a. 

V^      >  «iu  ly  att4*mpta  nt  cultivation  made  by  the  discov- 

v'U  xMr\tinary  ascitic  agar  or  blood  agar  were  imsuccessfnl. 

Xi^  ^         "'  ' '1  sueeessful  cnltures  from  sputum  by  the  xise 

IHm  fetMndnnd  grams  of  sliced  potato  are  put  into  200  c.c.  of  4  per 

•ttmi  "m    it!   water.     This  is  steame*!   in   an   autoclave   and  a 

|{l^  \  •  wX  of  potato  obtained.     To  50  e.e.  of  this  extract.  150 

,v>.  «0t  l^|ior^*t>iit  salt  8<ihition  and  5  grams  of  agar  are  added.    The 

kiiituiv  i*  meltt'd  in  the  autoclave  luid  the  fluid  filled  into  tost  tubes, 

\\i  S  ^c   caeh,  aiul  Hterilized.     To  each  tulH*.  after  sterilization,  is 

Mv\\  an  iHjual  volumi*  of  sterile  defibrinatcd  rabbit  blood  or  prefer- 

[^hl,v  hutimn  Mood,  the  subslatieeK  an*  mixed,  and  the  tubes  slonted. 

On  ftueh  a   medium,  inoculated   with  H])Utum.   taken  preferably 

[during  lite  pArox>*Hins  of  the  first  day  of  the  disease,  colonies  appear, 

'ivhloh  an*  barely  visible  after  twenty-four  hours.'  plainly  visible 

ifter  forty-eight  houns.    They  arc  small,  grayish,  and  rather  thick. 

ler  the  first  generation  the  organisms  grow  with  markedly  greater 

luvuriance  and  speed.     Or»  the  piiiato-blood  medium  after  several 

nrrtttiona  of  artittciai  cultivation,  they  form  u  grayish  glistening 

er  which,  after  a  few  days,  becomes  heavy  and  thick,  almost 


Afti 
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resembling  the  growth  of  typhoid  bacilli,  lii  theso  later  generartoiiii, 
also,  they  devolop  readily  upon  ]>iuiu  blood  agar  or  ascitic  agar  Ar.d 
in  ascitic  broth  or  bi-olh  to  which  blood  has  been  added.  In  the 
;fluid  media  they  form  a  viscid  si'diinont,  hut  no  pellicle. 

(Culturally,  the  bacillus  varies  from  B.  inilueuita-  in  growing  k*ss 
ily  on  hemoglobiti  media  than  the  latter,  on  firat  cultivation 
from  the  sputum.  Later  it  grows  much  more  heavily  on  such  media 
and  shows  less  dependence  upon  the  presence  of  hemoglobin  tlian 
■does  B.  influenzie.  It  also  gi*ows  rather  more  slowly  than  the  influ- 
enza bacillus.  It  is  strictly  aerobic  and  in  fluid  cultures  is  beat 
grown  in  \vk\v  flasks  Avith  shallow  layers  of  the  medium. 

The  Jiordet-(ieugou  bacillus  grows  moderately  at  temperaloirea 
about  37. a^  C,  but  does  not  cease  to  grow  at  temperatures  an  low 
aa  5°  to  10**  C  (*n  blood  agar  and  in  aseili.  broth  it  may  rcuiaiii 
alive  for  as  long  as  two  mouths  (Wollstein). 

Pathogenicity. — As  regards  the  pathogenicity  and  etiological 
speeitieity  of  this  or^diiisni  for  whooping-cough,  no  positive  slator 
juent  can  as  yet  be  made.  The  fact  that  it  haa  been  foiuid  in  many 
«aHi*s  ill  almost  pure  cultures  diinng  the  early  paroxysms,  renders  it 
likely  that  the  organism  is  the  specific  cause  of  the  disease.  ALiUory 
and  Horner  *  have  found  bacilli  appearing  to  be  Itordct  and  Gengou's 
organisms  lyinjf  between  the  eilia  in  the  trachcid  i  pit  helium  nf 
whtM>ping  eough  caseij  that  have  come  to  autopsy,  Ilo^vever,  in 
.early  cases  true  influenza  bacilli  have  been  often  found,  and  these 
latter  seem  To  remain  in  the  sputum  of  sucli  patients  for  a  longpr 
period  and  in  larger  numbers  than  the  bacillus  of  Bor^et  und 
Gengou.  Endotoxins  have  been  obtained  from  the  cultures  of  the 
bacilli  by  Bnnlet  and  Ocngou  by  the  method  of  Besredka.''  The 
growth  from  slant  cultures  is  washed  up  in  a  little  salt  solution,  dried 
in  vacuo,  and  ground  in  a  mortar  with  a  snudl,  measured  quuntily  of 
;Balt.  Finally,  enough  distilled  water  is  added  to  bring  the  salt  into  a 
solution  of  0.75  per  cent  and  the  udxture  is  ceutrifugalLzed  and  de- 
eantccL  One  to  two  c.c.  of  such  an  extract  will  usually  kill  a  rabbit 
within  twenty-four  hours  after  intravenous  inocnlation.  Subcu- 
taneous inoculation  produces  non-suppurating  necrosis  and  ulcem- 
l  tion  without  marked  constitutional  symptoms. 

Inoculation  of  monkeys  with  the  bacilli  themselves  by  the  respira- 
tory  path  has  failed  to  produce  the  disease. 


*  Maltory  and  Uorner,  Joum.  Med.  8«.  xrvii/lOlS,  p.  116. 

•  HoriiH,  Bull.  lU'  la  8o('.  Hoy.  :!o  Brux.,  1907. 
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in  inimuiiized  animals  wlut^h 

«f  tlu»  or^num  from  Bacilluiii  iufiu- 

dukiren  the  agglutination  is  too 

«itk  the  serum  of  patients  is  reported 
the  hands  of  WoUsteiu. 


BACILLUS 

dipKvbacilluSf  which  he  associated 

%M  %  ^3^  V^  f)H«uc  conjunctivitis  to  w}ueh  he  applied 

i#.**    Soon  after  this,  a  similar  niipro- 

^  vt0is  corresponding  to  those  of  Morax  by 

AiVNfcMA^    TW  ««lk^li)k«i  w)iW*h  theae  microorganisms  characteris- 

lMUt>'  ^V%)ift«t  «»  •  t«l«rrtui)  o^njiinrtivitis  which  usually  attacks  both 

4||(«it    Y^  ttJbMWMkticn  is  ft^KviaUy  noticeable  in  the  angles  of  the 

m^i  «»v««v  «l  or  about  the  caruncle.     There  is  rardy  much 

iftWa  and  hardly  ever  ulceration.    The  condition 

rhnmic  course.     Its  diagnosis  is  easily  made  by 

|»vymk?«lkMVi  of  the  pus  which  is  formed  with  especial  ahun- 

ikUM«  AmW  tht  lutfbt. 

. — In  sincar  preparations  from  the  pus,  the  miero- 

«|v)i4Nsr  as  sUiort,  thick  bacilli,  usually  in  the  form  of  two 

yAa>  t^»  end.  but  not  infrequently  singly  or  in  short  chains. 

•|kv*»   *">•*  *r**  distinctly  rounded,  their  centei-s  slightly  bulging, 

ihiAMt  I)m  IvtoUtus  an  ovoid  form.     They  arc  usually  about  two 

ml»tNk  t«  Wii«th. 

YWy  atv  twi\\y  stained  by  the  usual  anilin  dyes,  and,  stained  by 
1^  VMvllHHi  of  Oram,  arc  completely  decolorized. 

OrtllftttWL— The  Morax-Axenfeld  bacillus  can  be  cultivated 
\Mkb  t'kaHn  media  containing  blood  or  blood  serum. 

!  .  iH>orly.  or  not  at  all,  at  room  temperature. 

l')HMk  i^iwfflcr's  blood  acrum,  colonies  appear  after  twenty-four  to 
llktHy^aii  hours  as  small  indentations  which  indicate  a  li<)uefaction 
«kf  \h^  iu«*diuui.    Axenfeld  states  that  eventually  the  entire  medium 


*  Wv«<»«,  Ann.  d«  Tinst.  Pasteur,  1S96. 
*.44«rr«U  Onl.  f,  Bakt.,  xzt,  1897. 
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may  become  liquefied.    Upon  serum  agar  delicate  grayish  drop-like 
colonies  arc  I'onued  which  are  not  unlike  those  of  the  gunoroecus. 

In  ascitic  bowllon  general  clouding  occurs  within  twenty-four 
hours. 


Fig.  M.— Mobax-Axenfeu)  DiFLO-fiACiLLUS. 

Pathogenicity. — Attempts  to  produce  lesions  in  the  lower  animals 

with  this  bacillus  have  been  universally  unsuccessful.  Subacute  con- 
junctivitis, hovvtver,  has  been  produced  in  human  beings  by  inocula* 
tions  with  pure  cultures. 


ZUB  NEDDEN'S  BACILLUS 


In  ulcerative  conditions  of  the  cornea,  Zur  Nedden  has  frequently 
found  a  bacillus  to  which  he  attributes  etiological  importance. 

The  bacillus  which  he  has  described  is  small,  usually  less  than  one 
micron  in  length,  often  slightly  curved,  and  generally  found  singly. 
It  may  be  found  in  the  diplo  form  but  does  not  form  chains.  It  is 
stained  by  the  usual  dyes,  often  staining  poorly  at  the  ends.  Stained 
by  Gram's  method  it  is  decolorized.    The  bacillus  is  non-motile. 

Cultivation. — It  is  easily  cultivated  upon  the  ordinary  laboratory 
media.  Upon  agar  it  forms,  within  twenty-four  hours,  transparent, 
slightly  fluorescent  colonies  which  are  round,  raised,  rather  coarsely 
granular,  and  show  a  tendency  to  confluence. 
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Milk  is  coHgulutt'd. 
'    Upon  pottitOf  there  is  a  thick  yellowish  growth. 

Upon  dextrose  media,  there  is  ucid  formation,  but  no  gas. 
The  baciUus  forms  i;o  indol  in  pcpton  solutivns. 
Pathogenicity. — Corneal  ulcers  have  been  produced  by  inocula- 
tion ot  guinea-pigs. 

BACILLUS  OF  DUCREY 


The  soft  ehaiicre,  or  chancroid,  is  an  acute  inflammatory,  de- 
structive lesion  which  occurs  usually  upon  the  genitals  or  the  skin 
surrounding  tiio  genitals.  The  infection  is  eunveyod  from  one 
individual  to  another  by  direct  contact.  It  may,  however,  under 
conditions  of  surgical  manipulations,  be  transmitted  indirectly  by 
means  of  dressings,  towels,  or  instruments. 

The  lesion  begins  iisually  as  a  small  puatule  which  rapidly 
ruptures,  leaving  an  iiT«gular  ulcer  with  tuidermined  edges  and  a 
necrotic  floor  which  spreads  rapidly.  It  iiitl'ers  eliiiiealJy  frum  the 
true  or  syphilitic  cJjancre  in  the  lack  of  induration  an<i  in  its  violent 
inflammatory  nature.  Usually  it  leads  to  lymphatic  swcNings  in  the 
groin  which,  later,  give  rise  to  abscesses,  commonly  Hpoken  o£  as 
^•buboes." 

In  the  discharges  from  such  lesions,  Ducrey,*  in  1889,  was  able 
to  demonstrate  minute  bacilli  to  which  he  attributed  an  etiological 
relationship  to  the  disease,  both  beeause  of  the  regularity  of  their 
presence  in  the  lesions  and  the  successful  traiiaferencc  of  the  disease 
by  means  of  pus  containing  the  microorganisms. 

Morphology  and  Staining'. — Tlie  Ducrey  bacillus  is  an  extremely 
small  bacillus,  measuring  from  one  to  two  micra  in  length  and  alwut 
half  a  micron  in  thickness.  It  has  a  tendency  to  appear  in  sliort 
chains  and  in  parallel  rows,  but  many  of  the  microorganisms  may 
be  seen  irregularly  grouped.  It  is  not  motile,  possesses  no  flagellar 
and  does  not  form  spores. 

Stained  by  the  ordinary  anilin  dyes,  it  has  a  tendency  to  lake  the 
color  irregularly  and  to  appear  more  deeply  stained  at  the  poles.  By 
the  Oram  method,  it  is  decolorizeiL  In  tissue  sections,  it  may  be 
di?|uonst rated  by  Loeffler's  melhyh-ne-hlue  method,  and  in  such 
prcpar^tionM  has  been  found  within  the  granulation  tissues  forming 


*P«crrj/j  Monatwhr.  f.  pnikt.  Devmrni^  ft,  1M9. 


Li<tiu^;| 


HLLUS  OF  DUCREY 


611 


the  floor  of  the  ulcers.     1»  pus,  iht;  hacilH  art-  often  iotind  within 
leueoc.ytrjt. 

Cultivation  and  Isolation. — Early  attempts  at  cultivation  of  this 
bacillus  \\'*ve  universally  unsuccessful  in  spite  of  paiimtaking  t'Xp^M'i- 
ments  mth  media  prepared  of  human  skin  and  blood  srrum.  In  1900, 
Bcs&n(;on,  (irilTon,  and  Le  Sourd  *"  finally  sueceeded  in  obtaining 
-growthis  apon  a  medium  containing  agar  to  which  human  blood  had 
been  added.  Thi*y  were  equally  sueeossful  when  dog's  or  ra}»blt's 
blood  was  substituted  for  that  of  man.  Sintw  the  work  by  these 
authors,  the  cultivation  by  similar  niethoda  has  been  earned  out  by 
k  number  of  invest ificators.  Citftgnli^cd  h'lood,  which  has  JH-eu  kejit 
fur  several  days  in  sterile  tubes,  has  been  found  to  <'0U8tilute  a  favor- 
-ubie  nie<lium.  Freshly  clotted  blood  cannot  be  employed.  prol)ably 
'beeausi'  of  the  bactericidal  action  of  the  serum.  Serum-ajjar  has 
oecasionally  been  used  with  sueceas,  but  does  not  ^pve  results  as 
aaiisfaetory  as  those  obtained  by  the  use  of  the  whole  blood. 
•^  The  beat  mclhod  of  obtaining  pure  cultures  upon  such  media 
consigtsin  puncturing  an  unruptured  bubo  with  a  sterile  hypCidermie 
needle  and  transferring  the  pus  in  considerable  «|uanlity  directly  to 
the  agar,  if  possible,  the  inoculation  of  the  media  should  be  made 
immediately  before  the  pus  has  had  &  chance  to  cool  off  or  to  he 
exposed  to  light.  When  buboes  are  not  available,  the  primary  lesioti 
may  be  thoroughly  eh'iinscd  with  sterile  water  or  salt  nolution,  and 
material  scraped  from  the  bottom  of  the  uleer  or  from  l>eneath  its 
overhanging  edges  with  a  stiff  platinum  loop.  This  mntetnol  is  thnn 
smeared  over  the  surface  of  a  number  of  blood-agar  plateft. 

Upon  such  plates,  isolated  colojiies  appear,  usually  after  forty- 
eight  hours.     They  are  small,  transparent,  and  gray,  pud  bivt-  a 
j'ather  firm,  finely  granular  cotisistency.     The  colonies  rarely  ^row 
larger  than  pinhead  sizCj  and  have  no  tendency  to  coalesce.    At  room 
lemperalure,  the  cultures  die  out  rapidly^     Kept  in  the  incubator, 
however,  they  may  remain  alive  and  virulent  for  a  week  or  more. 
On  the  simpler  media,  glucose*agar,  broth,  or  gelatili,  i*u1tivation 
is  never  successful.     On  moist  blood-agar  and  in  the  e<»ndensation 
water  of  such  tubes,  the  bacilli  have  a  tendency  to  grow  out  in  lotig 
rfaains.    Upon  media  which  are  very  dry,  they  appear  singly  or  in 
short  chains. 
.  Diu*ing  recent  years  interest  has  again  been  aroosed  hk  the 
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of  Ihe  apparent  relative  frequency  of 
Mivi4  'miftiM  Miam:  Tenereally  infected  soldiers  in  Europe.  We  are 
^  VaJkir  tkml  during  the  post-armistice  periods  of  the 
troops  in  France,  the  proportion  of  chancroids 
Milwtiona  rose  quite  beyond  the  ordinary  relative 
nf  tftift  vmrtrty  of  infeclion,  apparently  for  tlie  reason 
practiced  had  les8  effect  upon  chancroidal  iufec- 
ihe  syphilitic  and  gonorrheal  infections.  Since 
lUy  developed  in  the  minds  of  genilo-urinary 
%t«ffittNi  ftmount  of  skepticism  regarding  the  role  played 
l||&  %Im-  Pucc^^  bftC&Uus  at  tltis  time,  the  matter  was  reinvestigated 
te  iMff'  tfcfcMralofj  by  Teague  and  Deibert.*^  They  developed  a 
tbtlil^  fMr  jiinrt  diagnostic  cultivation  of  Dncrey  bacilli  from  chan- 
■gjimiaJ  Iwniiiiin  whieh  has  80  much  practical  value  that  it  will  be  well 
W^tuM  il  te  tOMtderablo  detail.  The  method  as  described  by  them 
ifcaa  Mtimr  A  rabbit  in  bled  from  the  heart  with  a  sterile  20  e.c. 
iy^<Nf  ^^^  ^^  blood  is  distributed  in  amounts  of  1  e.c.  in  small  tost 
ImINi^  a  titll«  lar^r  than  the  ordinary  Wassermann  tube.  The  blood 
ll  aMM^v^  to  «lot  at  room  temperature  and  is  then  heated  for  five 
IMtaMUM  at  ^*  C  It  can  thus  be  preserved  in  the  ice-hox  or  can  be 
MK<i  IwritiffiTrlr  Equally  good  results  can  be  obtained  when  the 
Htbuf  H^    ^   •^'  in  the  ice-box  for  three  to  four  days  before  use  mth- 

|*Wi*vtt  ol  Kliff  iron  wire,  gauge  18,  about  51^  inches  long  are  bent 
V#«MI  tiMUMclvos  at  one  end  for  about  Vs  inch.  Ten  or  twelve  of 
ItMa*  wirta  are  placed  in  a  6-inch  test  tube  and  are  healed  in  the 
^Bty  al«^r)Haer.  The  patient  removes  the  drcKsing  and  a  bit  of  the  pus 
^  *  '  up  with  tlie  bent  end  of  the  wire,  the  latter  having  been 
$i^  ^1  gently  over  the  base  of  the  ulcer  or  under  its  undermined 

■y^yr  The  pua  is  then  transferred  to  a  tulie  of  clotted  blood  and 
4blrlbutvd  in  the  serum  by  passing  the  wire  around  the  clot.  A 
HHNMUl  tubr  is  prepared  in  the  same  way.  Aftrr  twenty-four  hours 
liM^nbalion  at  ZT^  C.  the  serum  around  the  clot  is  thoroughly  stirred 
wllll  a  platinum  loop  and  a  smear  is  made.  Kxamination  with  the 
vUKtaimfraion  k-iis  shows  characteristic  chains  of  small  firam- 
iutfativ<«  bacilli,  aometimes  in  pure  culture,  sometimes  in  mixed  cul- 
IttWt  The  organism  is  usually  so  characteristic  that  such  an  exam- 
iMtlWk  ia  auilicient  basis  for  a  positive  diagnosis.    Even  when  anti- 
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wer  or  ointments  have  been  applied,  repeated  positive  cul- 
iave  been  obtained  by  finding  a  bit  of  pus  free  from  drug.  It 
is  not  even  neeeaaary  to  wash  the  ulcer  before  taking  cultures. 

At  the  time  of  the  publication  of  their  tirst  paper,  Teague  and 
Deibert  had  cultured  by  the  alxive  method,  274  sores.  In  most  cases 
these  were  indiscriminately  cultured,  even  in  many  eases  when  no 
clinically  characteristic  picture  was  apparent.  Of  these  274  st)re8, 
140  yielded  positive  Ducrey  cultures.  Of  the  K^4  negative  caiies, 
satisfactory  notes  were  obtained  of  only  69,  and  from  these  notes  it 
is  apparent  that  42  of  these  69  negative  cases  at  least  were  not 
fchancroidal  but  primai-y  syphilitic  lesions.  It  seems  to  Teague  fair 
to  assume  that  by  this  method  probably  over  90  per  cent  of  true 
chancroitls  can  be  diagnosed,  and  it  is  so  simple  that  the  physician 
'in  the  clinic  can  take  the  cultures  as  directed  and  send  them  to  the 
laboratory.  Isolations  can  sulwequeutly  be  made  by  inoculating 
blood  agar  plates  from  the  clotted  blood  tubes  after  24  houi-s.  The 
['nutrient  agar  should  have  a  P,^  of  7.2  or  7.3,  and  the  agar  must  be 
neither  too  stiff  nor  its  surface  too  dry.  Tcague's  results  not  ordy 
furnish  a  simple  method  for  the  determination  of  mixed  infection, 
but  also  reaffirm  the  etiological  importance  of  the  Ducrey  liacillus  iu 
chancroids. 

As  to  prophylactic  treatment,  the  recent  experience  seems  to 
indicate  that  warm  water  and  soap  very  thoroughly  applied  is  prob- 
ably more  effective  in  the  prophylaxis  of  this  type  of  infection,  than 
are  the  specific  methods  used  for  venereal  prophylaxis. 

Pathogenicity. — Be8an(;on,  GrifTnn,  and  Le  Sourd,  and  others, 
have  sm'ccfiii'd  in  producing  lesions  in  man  by  iniiculation  with  pure 
cultures.  Inoculation  of  the  lower  animals  has,  so  far,  been  entirely 
without  result. 
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■1*ABIS   MENINGITIDIS   <MENINOOCO0CU8) 
iKREBROSPlNAL  MENINGITIS 


-ssi's  ill  tKe  nioning«?s  may  bt^  oaused  by  many 

MiMUUtfttU  uuiv  br  ju'imary  or  secondary.    Seeondary  monipKitia 
■    turiHK  tlu'  coui'so  of  DnouDionia,  when  pneumocoeci, 
_       tiut^vs  by  tin-  itlood  stream,  givf  rise  to  a  usually 
n\  of  Uu*  disease.     More  rarely  a  similar  proeess  may  oceixr 
'  uufest-nlion  of  typhoid  fever  or  intlnenza.    Menin- 

.  Mill  .seooiidarily  by  direct  extension  from  siip- 
4Vhr4kl|v*^  liMsioUM  about  the  skitll,  such  as  thoso  occurring  in  diseases 
of  \)w  nddtlh-  ear  or  frontal  sinuses  or  after  compound  fractures.  In 
l^ucb  ensi's  the  invading  orgranLsms  are  usually  staphylococci,  streplo- 
if^Ctii,  or  ]>ucunUK'ocei. 

Isolated    cases   of    meningeal    infection    with    R.    eoU,   R.    para- 
,|>phosuN.  Haeillus  pestis,  and  Hacillus  mallei  have  been  reported 
^  frftiueut  more  ehronic  form  of  the  disease  is  eaus<»d  by  l^ciUus 

Luitl'ITI'^"'^^** 

I'ptniiry  ^rilte  meninijreal  infection,  however,  is  dae  chietiy  to 
twtf  inieroorgauisnis.  Mierueoeeus  intraceliularis  mciungititiis.  and 
ti)e  pneunuM'Occus. 

^  A  tubulution  of  the  comparative  frequency  with  which  the  vari- 
ous microorganisms  are  found  in  the  meninges  has  been  attempted 
by  Mai'schal.^  This  author  estimates  that  about  fi9.2  per  rent  of  all 
acute  eases  are  due  to  the  meninKoeoceus,  20.8  per  cent  to  Diplo- 
'*oceu9  pneumonitt,  and  the  remaining  10  per  cent  to  the  other  bac- 
teria mentioned. 

The  easrs  caused  l)y  the  pneiimococeus  and  the  other  less  frequent 
Ineitants  usually  occur  sporadically.  When  the  disease  occurs  Jn 
epidendc  form,  it  is  almost  always  due  to  the  meningococcus. 


*  Martchutf  Dim.  ^m&Hluiru.   \'Mn,  Quoleil  from  Wpieboolbuum,  m  KoUo  und 
Wivi»rrninnii,  ••Munilburh. " 
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Cc«I  cxiidataB  kj  Matrfai&Cava  and  OilH*  b  IMA.  TImbm  woImm 
not  cafy  AmrrihtA  mccnnufy  thr  nMvpbolofkml  daractwwticft  nov 
Tec«fiii»d*  but  alto  raikd  alt«ntfaw  to  tke  kUraccllalBr  poaUioo  of 
the  MMfOiicganka  and  to  ita  Koooeoccna^ike  ayytatanctk  TIkey 
lafled,  kowtfrcr.  to  roltirate  it. 

ObarrvatMBs  nmfitiBatory  of  thr  Italian  aMftwn  verc,  aooM  after, 

I17  LriefatenatenL'    t'oidvatum  and  poiitlTC  idtntiiestMb  aa  a 

^separate  species  vms  not   a^roaptiabcd,  howrrvTr  until   Weirhsel- 

.*  IB  1W7,  T  lisrrvatioiu  upon  six  rasrs  of  tpi^oAe 

tggfgbtpapiBal  Btt-^Kxa^j.^  ».i  «i»luch  be  not  only  found  the  eocci  nor- 

tlo^ieallx,  but  waa  able  to  stad^r  tbcir  faiolofiral  charartcristira  in 

parr  mltarr.    Th^  rcacairbrs  nf  VTrk-hsrlbania  'wttr  aoon  aanttnard 

'«Dd  extended  by  riabcirate  studies*  which  left  no  donht  as  to  the 

^apeeific  relationship  between  the  mieroorfranism  cultivated  by  him 

and  thr  cbnical  coodhion. 

Morphology  and  Staismg. — Stainru  in  ftic  s|^al  Said  from  an 
Infected  patient,  the  meningococcus  bears  a  striking  similarity  to 
the  gOQ0Coecu&  The  microoryniams  anpear  intra-  ami  PT»r*it'lh>- 
larly.  moally  in  ^  us  groupK.  som»timrs  «  triratjja,  or  evn|>  \n 

larger  apglotn^r. The  in>iiviilual  dipUvforgw  arc  flattened  on 

the  sides  facing  *fach  othtr.  presenting  somewhat  the  hisruit-form 

nf  tty  yppnrnrr^jg       Thi^   iyria|ip»    i>'    ^w-.  ..f  ||^,>  yy^.^~\    y.    ♦f^^  ^^^ 

«iear  is  a  noticeabl>-  featun*  an. I  ..f  ^.».*^  .tiayinvsTj.  itnprti>»a«#.^ 
This  dinimilarity  in  aixe  is  noticeable  also  in  cultures,  which, 
eape^iatly  w  ■  '  '   -^  than  twenty-four  hours,  contain  forms  double 

or  eren  tri|i  •  ^    »■  of  the  average  cocctia.    Thi-«c  may  possibly  be 

involution  foruLs. 

The  meningoi'occus  Lh  non-motile  and  iK>n-sporc  forming.  It 
stains  easily  with  all  the  usual  aqueous  aniliu  dyes.  Its  U^hanor 
toward  Gram's  stain  was  long  a  subject  of  euntroversy.  owing  to 
llie  error  of  Jaea:<r.*  who  claimed  to  havo  found  it  Gram-poaitiTc. 
Thare  is  no  qaesjion  now.  howfvor.  that  iht-  co<'ri  doroloriie  bf 
Oram's  mHhod  when  this  is  carefully  carried  out. 


-  Marchiafaza  antl  CeUi,  Osx.  il«g)i  oapedali.  ft,  1^^4. 
•Uickltn^iern,  Dcut.  iiit»d.  Woett,  18«5. 
•ff'f*rA^//6.jMm.  Fort.  f\.  MfNU  l8.Hr. 

*C'(»iiiiri7mnfi,  MaUorn,  mtA  H'rii/kt,  8prrial  Rop.  M«8».  hi>mr\\  ot  Health.  19VS, 
Jtbrrckt   uoJ   fihon,  Wieii.  klin.   Woch^  1901. 
*  Jaefftff  ZeiL  f.  H>-a.»  xix.  I.S93* 
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In  spinal  fluid  satisfactory  preparatioms  may  be  obtained  by 
stabling  in  Jenner's  bluod  slain.  Councilman,  Mullory,  and  Wright ' 
were  the  first  to  notice  that,  when  stained  with  Loeffler's  methylene- 
blue,  meningococcus  stains  irregularly,  showing  metachromatic  gran- 
ules in  the  center  of  the  cell  bodies.  These  granules  can  be  demon- 
strated more  clearly  with  the  Neisser  stain  employed  for  similar 
demonstration  in  the  ease  of  B.  dipththeria?  and  have  some  value  in 
differentiating  meningococcus  from  gonococcus. 


Fig.  55.— MEXixaococcua  Pcjbg  Cultdre. 


It  is  important  to  remember  that  meningococci  in  spinal  fluid 
undergo  solution  very  readily,  a  solution  which  is  probably  an 
antolysiH,  with  the  result  that  spinal  fluid  which  may  be  full  of 
polymorphonuclear  leucocytes,  contains  very  few  recognizable  or- 
ganisms. This  readiness  of  meningf»coeci  to  go  into  solution  will  be 
spoken  of  below  in  connection  with  probKrns  (if  cultivation. 

Ctiftivation  of  the  Meningncnccus. — The  meningococcus  is  peculiar 
in  that  there  is  considerabk'  difference  in  the  ease  with  which  se]>arate 
Htmins  can  he  made  to  grow  upon  artificial  media.  Some  meningo- 
cocci grow  readily  upon  all  meat  infusion  culture  media.  They  may 
eten  grow  upon  .sume  meat  extract  media,  hut  growth  upon  these  is 
never  profuse.  It  is  never  well  to  rely  upon  media  to  which  no 
enriching  substance  has  been  added,  or  that  have  not  been  especially 
made  for  meningococcus  cultivation  when  attempts  are  made  at  first 


■^  Councilmatt,  MaUorj/,  and  Wright,  R4*p.  Mom.  State  Bd.  of  Ucaitb,  1898. 
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isolation  from  htunan  mateml.  After  the  baderiotc^ttt  is  fsaulkr 
with  the  iudiridc&l  straios,  he  maty  at  times  carry  his  stnuu  oo  the 
simpler  media,  meat  infusiou  agar  and  broth. 

firowth  ij  fi^ffwp  Impriant  and  rapid  gy^pi^  ma^^ia  *^  "*!fth  aniisl 

Coagnlated  serum  is  not  liquefied.  For  cultiTation  of  the  meningiv 
coeeas  direetljr  from  the  hnman  bodr  it  Is  "sme  to  use  the  richer  semra 
or  blood  media.    Agar  to  which  whole  rabbit's  blood  has  been  added 


ST^ 


i 


( 
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Fig.  56. — Meningocooccs   ix  Spinal  PYriD. 


forms  au  excellent  medium,  both  for  ealtivatiun  aiid  for  keeping  the 
organism  alive.  Lotffit  r's  blood  serum  is  less  favorable.  It  is  advisable, 
too,  when  cultivatinf?  directly  from  spinal  fluid,  to  ]>laut  rather  large 
quantities  (1  to  2  c.c.},  since  many  of  the  cocci  in  the  exudate  will  fail 
to  develop  colonies,  possibly  because  of  tiieir  prolonged  cxpfwure  either 
to  the  body  fluids  or  to  their  own  products  in  a  closed  space. 

Upon  hroih,  growth  is  slow  and  takes  place  chiefly  upon  the  sur- 
face, the  secliment  consisting  mainly  of  dead  bacteria.  Glucose  added 
to  agar  or  to  broth  renders  the  medium  more  favorable  for  rapid 
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^ntwth,  but,  owing  to  apid  fonnatioii,  toads  to  cause  a  more  rapid  death 
of  the  f-uUurc.  In  flasks  of  broth  contuiniug  glucose  one  per  cent,  and 
CaCOs  one  per  cent,  however,  cultures  have  been  kept  alive  for  as 
longr  as  fourtern  months  (Hiss).  Ou  milkt  growth  takes  plaee  without 
(.^oagidation  of  the  etisein.  Polfttots  are  not  a  favurabh*  medium, 
though  growth  oeeasioiiHlly  takes  |>lHee. 

While  slijfht  alkalinity  or  acidity  doc-s  not  inhibit,  the  most  favor- 
able reaction  of  media  is  a  P^  of  7.4  to  7.6. 

Oxygen  is  necessary  for  development.  Complete  anaerobiasis,  while 
not  absolutely  inhibitory,  is  extremely  unfavorable,  unless  proper 
carholiydrates  be  i)reseut. 

Recently,  work  by  Wherry  and  Erwin.*  as  well  as  by  Gates,"  has 
shown  that  the  growtli  of  the  meningocoecus  is  deiinitely  stimulated 
by  replacing  about  ten  per  cent  of  the  air  by  carbon  ilioxide.  The 
plates  are  placed  into  a  closed  jar.  into  which  freshly  produced  carbon 
dioxide  is  allowed  to  pass,  and  the  jars  are  then  sealed  and  incubated. 
This  matter  has  been  discussed  in  a  previous  section  on  j)artial  oxygen 
teusioa  in  bacterial  cultures.  We  have  confirmed  this  in  our  lal>ora- 
tory,  and  find  that  the  colonies  grow  larger  and  growth  is  more  rapid 
under  the  partial  CO.  atmosphci'e. 

While  growth  may  take  place  at  temperatures  ranging  from  25** 
to  42°  C,  the  oi»timum  Is  37.5°  C.  It  Ls  an  important  aid  to  the 
recognition  of  true  meningococci  that  they  never  grow  at  ordinary 
i-oom  temperature.  Apart  from  the  remarkable  viability  di8i>layed 
npon  calcium-carbonate  broth,  the  average  length  of  time  during 
which  the  mcmngococciLS  will  remain  alive  without  transpbuitaiion  is 
rather  short.  Recently  isolaled  r-nltnres  grown  on  agar  or  scnim-agar 
may  die  within  two  or  three  days.  Accustomed  to  artificial  cultivation 
through  a  number  of  generations,  however,  the  cultures  become  more 
hardy  and  transplantation  may  safely  be  delayed  fur  a  week  or  even 
Itmger.  Albreeht  and  (Jhon*'*  have  kept  a  culture  alive  on  agar  for 
one  hundred  and  eighty-five  days.  It  is  a  strange  fact  that  after  pro- 
longed artificial  cultivation  S(miG  strains  of  meningococcus  may  grad- 
ually lose  their  growth  energy  mid  finally  be  loKt  because  of  their 
refusal  to  develop  in  fresh  transplants. 

It  Ls  our  belief  that  this  phenomenon  which  hitherto  we  have  been 
at  a  loss  to  explain,  may  have  some  connection  with  the  so-called 


•  Wherry  and  Ervin,  Jour,  of  Infiv.  Dia.,  22,  1918,  194. 

*  Gates.  Jour.  Kxpor.  MeJ.,  29,  1919,  325. 
''Alhrerht  und  OAon,  Wien.  kUo.  Woch.,  1901. 
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Bve^BMlMB  of  tltt' astoljtK  proprnks 
bact^ctt  ante'  eertaB  mnittMBa,  therv  h«s  been  tto  STVIafstiaB  <4 
tbe  ■tewn^Beoeeaft  proUem  inn  thii  poinl  «f  tww.  W« 
iBve  «flcn  fiDsnd  —  aiii^iHueni  csitaica  to  la»  thftr  vialnltty  widtr 
cooditMQS  vlueh,  rctrocpectiT^,  w*  maptei  now  puiy  havr  bcm  ihi« 
t»  liii»  kkMi  of  devflopincnt  It  a  •!»  sot  nabke^  tlmt  the  cxttanrre 
satoljw  of  tbe  n^smnkm  in  the  spinal  fhiid  may  htm  a  UBilar  9^ 
nifieanfifc  fli— ige  is  best  airripd  oat  at  inrabaior  lemp^ratnraL.  At 
roooi  temperatnna  ar  in  iht  ke  e)Mst.  tbe  diploeooeoa  dm  ra|udly>* 

Spt€M  liemimgoe^ems  Jfufto^ — For  the  rovline  enlthratinn  of 
mmingoroerus^  therr  «re  eertain  mrdia  whidi  art  better  than  othfK 
axkd  which  are,  therefocn  datcribed  tn  this  9e<iion. 

JU  a  basis  for  ■wmingacoccgg  media,  we  likv*  to  use  honnoiw  afar 
or  hormone  broth,  or  trrpagar  or  trypsiuiaed  br«th  as  deaeribed  in  the 
sceiioa  on  media  To  theae  basic  BMdia  enrichini;  safaBtan<*eR  are  added. 
The  tiiseeadty  for  these  enriching  anhstBDOGs  may  have  a  more  complex 
raose  than  tbe  simple  addition  of  nutritiott,  sdnee,  as  Llord  has  sn^* 
gcsted.  the  oe«asioaal  iirst  growth  on  simple  media  nf  ineniniEocoeci 
directly'  from  the  honiau  Itody.  may  depend  upon  tho  presence  of  a 
certain  amount  of  *S-itaniine'*  furnished  liy  the  animal  fluids  prf«ent 
in  the  exudate.  The  most  conTeniiut  substaiun's  to  add  to  thcae  media 
are  hlowi  in  one  form  or  another.  Mnny  different  varieties  of  hlond 
are  favorable,  and  human,  horse,  or  rabbit  blood  can  Iw  most  con- 
Teiuently  u.se<l.  The  blood  may  be  defibrinatod  and  sddM  direotly  in 
quantities  of  altout  five  per  cent,  and  if  ajnir  for  plating  is  lutcxl. 
melted  agar  is  mixed  ^th  the  bl(>o<l  and  thoroughly  shaken  just  iis  the 
plates  are  jxiured.  Lakod  blood  is  very  convenient,  and  may  be  pre- 
pared by  mixing  whole  blood  vrith  about  four  parts  of  sterile  dwtillcd 
water.  This  laked  blood  may  be  kept  and  mixed  with  the  agar  just 
before  fMjuring  the  platen,  after  the  agar  has  boon  cooleti  liclow  50*, 
The  blood  ma^*  ab*o  be  laked  in  ether  and  in  I  his  way  can  l>o  kept  steriW 
for  a  long  time  before  being  added  to  the  basie  tneiiium.  Blood  senim 
and  ascitic  fluid  can  be  used,  but  do  not  seem  to  give  as  good  i-esults  as 
doe«  laked  or  whole  blood.  The  addition  of  one-half  to  oue  per  cent 
of  glucose  is  always  favorable.     The  special  pea-powder-blotid-agar 


**  A  very  thorough  biological  !itud,v  of  menmgoeoccaB  anri  Mated  ori^niana 
has  recently  been  made  by  KUer  and  JJuvtoon  (Jour.  Met!.  Res.,  N.  8,  vol.  »v, 
1909),  vhtch  m»T  ho  rnnttiUH  for  a  mora  dptni)e4  dcscriptinn  of  cultiinil 
cbaraciffisticB. 
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•ased  by  the  British  during  the  war  is  not  described  in  detail  because 
we  believe  that  for  ordinary  laboratory  work  its  production  Ls  too  com- 
plicated, without  offering  suflfieient  advantages  over  other  media.  To 
summarize,  we,  therefore,  recommend  for  plating  media,  carrier  work, 
and  isolation  from  spinal  tiuid,  hormone  or  trypagar  with  a  Pjj  of 
7.4  to  7.5,  containing  one-half  per  cent  glucose,  to  which  about  5  or 
10  per  cent  of  defibrinatcd  or  laked  biood  is  added  just  before  the 
plates  are  poured. 

For  the  storage  of  stock  cultures,  Vedder's  starch  agar  described 
in  the  srction  on  media  has  been  used  with  satisfaction. 

Gordon  **  and  others  also  have  used  coagulated  egg  media  in  slants 
for  storage  of  stock  cultures  with  good  results. 

Egg-yolfi  Mtdium  for  the  Storage  of  Menint/ococcus  Cultures,^^ — 
The  egg-yolk  used  may  be  the  yolks  of  eggs,  the  whites  of  which  have 
been  used  for  clearing  media.  One  volume  of  the  egg-yolk  is  mixed 
with  one-half  volume  of  physiolog-ical  sidt  solution.  The  yolk  and 
salt  arc  thorouj^hly  mixed,  tube<l  and  slanted.  The  slants  are  then 
inspissated  in  the  usual  way.  This  can  l>e  done  in  an  autoclave  by 
bringing  the  temperature  up  gradually  without  letting  out  the  air, 
until  14  pounds  pressure  has  been  reached,  and  then  maintaining  this 
for  twenty  minutes.  Great  care  should  he  taken  to  prevent  hubbies 
in  the  medium.  The  tubes  should  l>e  plugged  with  paraffin,  since  water 
of  condensation  is  necessary  to  make  the  medium  useful  for  storage. 

For  fermentation  reactions,  solid  or  fluid  media  with  various 
sugars  and  litmus  indicator,  may  be  tised.  Gordon,  whose  experience 
in  this  kind  of  work  hm  been  extensive,  used  for  his  fermentations  a 
liquid  medium  of  simple  pepton  water  with  one  per  cent  blood  serum 
and  the  sugar  to  be  investigated,  added.  Elser  and  Huntoou  "  em- 
ployed among  other  things,  for  their  extensive  fermentation  work, 
sheep  serum  water,  ascitic  broth,  and  !>roth  made  with  nutrose. 

Resistance. — The  meningococcus  is  killed  by  exposure  to  sunlight 
or  to  drying  within  twcnty^four  houi's."'  It  is  extremely  sensitive 
to  heat  and  cold  and  by  the  common  disinfectants  is  killed  in  high 
dilutions  and  by  short  exposures.  At  0'  C.  It  usually  dies  within  two 
or  three  days. 

"Gordon,  Flack  and  HtNet,  Med.  B«».  Com.,  Spcvial  Report  SerieB,  No.  S, 
LondoD,    1017. 

"DiroctloDs  of  Major  Podlor  from  Gordon's  I>ahorfttor7. 

**h:Ucr  and  Uuntoon.  Jonr.  Med.  Be«.,  20,  lOOfi.  371. 

**CouncitmaH,  Mallofi/,  nnrj  Wright,  Boston,  1898;  Albrccht  aod  Ohtm^loc  cit. 
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A  special  study  of  the  resistance  of  mcninKococci  to  various 
dye  stuffs  has  been  made  by  Biiiger.^'  An  interesting  result  of 
these  investigatiouH  >va8  that  Binger  found  that  metliylone-bluc 
had  a  spi^cific  inhibiting  action  upon  meningococcus  and  gonococcus 
at  dilutions  too  low  to  inhibit  other  pathogenic  microorganisins,  and 
that  this  inhibitory  action  was  not  interferetl  with  by  the  presence 
of  the  protein  in  spinal  fluid  or  other  exudates. 

Toxic  Prothictif  of  the  Meningococcus. — No  soluble  exotoxin  h&s  ever 
been  conclusively  isolated  from  rTicningococcus  cultureiL  A  soibstance 
which  causes  acute  symptoms  in  ral>bits  within  an  hour  can  be  recovered 
from  young  broth  cultures  of  meningococci,  and  from  filtered  wash- 
ings from  meningococcus  cultures  on  agar.  These  substances  are 
analogous  to  the  so-called  *'X**  substances  which  one  of  the  writers 
with  Kultner  and  Parker'"  has  deueribed,  wldch  are  nou-Kpecific,  can 
b«  obtained  from  many  different  microorganisms  and  are  uon- 
antigenic.  That  they  are  a  very  real  and  important  substance  in 
connection  with  meningococci  we  are  persuaded  to  believe  by  the  fact 
that  those  who  immunise  horses  for  serum  production  with  meningo- 
cocci find  that  it  is  necessary  to  wash  the  agar  cultun*s  once  before 
injecting  into  horses,  otherwise  severe  symptoms  occasionally  n-Huh. 

A  number  of  investigators  have  found  that  cultures  that  have  been 
kept  in  broth  long  enough  for  a  certain  amount  of  extraction  or 
autolysis  to  occur,  yield  toxic  products  which  are  ia  general  identical 
in  their  action  to  that  of  whole  meningococci  injected  in  analogous 
quantities.  This  has  been  the  experience  of  Flexner,"  Kraus  and 
Doerr,'**  and  others.  Extracts  of  meningococci  made  with  .salt  solution, 
weak  sodium  hydrate,  etc.,  kill  guinea  pigs  within  24  hours,  with 
symptoms  of  general  intoxicjition,  ]»eritoneal  exudates,  and  often 
pleural  exudates.  Intravenous  injection  of  sufficient  quantities  of  such 
extracts  or  of  dead  meningococci  nuiy  kill  rabbits.  No  reliable  or  con- 
stant results  with  such  sulwtances  have  been  obtained,  but  it  is  quite 
definite  that  the  bodies  of  meningoeocri,  likp  the  bodies  of  typhoid  and 
colon  bacilli;  are  toxic  for  animals  by  what  is  generally  s]ioken  of  as  an 
endotoxin  action. 


*  Binder,  Jour.  Infec.  Di§.,  25,   1919,  277. 

'  Zinuer,  Kuttner  and  Porlerj  Proc  8o«.  Expur.  BioL  and  Med.,  November. 
1920. 

"^FUxner,  Cent.  f.  Bakt.,  43,  1907. 

*Krau4  and  Doerr,  W*ien.  Uin.  Wocb.,  1908. 


believed  that  the  men- 
uo  fsienlial  difference 
frvttp  rxisted.     In   this  year, 
..,...,..,„,;  isftjj^ied   from   oases 
-    -  idd  l>t'  distinguishcil  hy 

u^tf4i*iM0k  Vhmi  Hie  ordinary  or  normal  type. 
*"     '  -       "    '   it,  opened  the  way   for 
.itiiin  uf  the  group,  and, 
•  »:»  (^HUHl  XhaX  thrre  were  a  considerable 
luijtywww*^ '  sulvtypes.    Wollstein  "  eonfirnied 
«u^  MMdL  WMUt  «4b%*r  things,  that  the  various  para- 
^  t(v  wwor  iMt   vbolly   homologous,   and   Hiig^:osted 
'JmAJtwc  mMmbrmi.     OortUm  '-"  examined  a  larp^e  nunt* 
^.    .  «*^^MJiMNKV<\<  fVV«|f«MitO^.*urring  uinong  British  and  f'nnu<lian 

ttU  ihtt  oriranisms  studied  by  him  eould  be 

tua$«>  ty|>«^     He  use<i  not  only  the  agglutination 

v4M  iktm  nitli  rtlutt^rption  tests.    TulWh,^'  foilow- 

4^  \  ^^k  ott  a  rmuddprahle  material,  found  that,  out  of 

•>l»HMf*w  Hp^vifie  results  with  tht;  f<)\jr  type  sera 

,,_.,_   -  ijiWrntOty.     He  ft>un»i  Thar,  with  remarkably  few 

-^*)^  ^WoJrtMtoww  rcs}MinKihle  for  the  outbreaks  ankong  British 

Mtl  in  the  four  (Jordon  types.     He  did,  however, 

„  „_-,  .  -v      -      -^  ^*»  t^^^  nHsnpharyngeal  cnlturea  of  carriers  which, 

l^utxti  <aK«*«4>'  rt^MK*inhling  nieiiingiM*oeei,  did  not  react  with  any  of  th^ 
l^^y^  ^«M^  Th<'iv  was  (*Mue  <|ue»tion.  however,  in  his  mind  as  to 
wMIm^  tlww**  T^'preaented  true  virulent  nieningoeoeei.  An  important 
^%mM(\\  \\i  Kh\n.\ou\  inviv<ti^tions  was  to  show  that  very  many  of  the 
\^ni«uiMkM  »»hi«iiied  fnw\  enriiri-s  belong  to  one  of  the  four  types' 
liM*«vvu  to  <*xixt  in  aetuat  onseH  of  meningeal  infection. 

lu  AmoHoa,  Flexnrr"  and  hw  ansoeiates  have  investigated  the 
M(\Ht)«  relulion.nhips  td'  the  nienintfoeoiVM  very  enrefully.  and  their 
rvMthit  indie«te  that  there  lire  probably  two  main  types,  the  normal 
ami  ihi*  par«.nieningo<Hjeeiw  of  Dopter;  and,  in  addition  to  this,  a 
cM«whlerable  number  of  heti-rogenwus  iniermi-diate  types  which  are 
ivIat^Hl  tt»  ein'li  oflirr  mi'l  i«>  the  fixed  types  more  or  less  in  the  same 


"  r»<  ;i(f  (.  (\inii>l.   Ui'Uxl.  <]<•  lu  StK'.  tie  Biol.,  ^,  IIWp,  74. 
'  it  i*ihtrt'*.  Joiir.  Kxpcr.  Med.,  20.  ISiU, 

/t'crrf*'",  Hrit.  Mi'tl.  H%^.  <'<iimnil.  Rp|M)rtH.  Ij<>nilt)ii,  lOlo  am]  1017. 

Twlhu'h,  Joiif.  KiiVAl  Mrilind  rolh'jfo,  Prhmury,   IPI«i,  p.  !». 
^ru^ntr,  BHlletln,  Rock.  Iiwt.  for  Mm).  Ren.,   1917 
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employed.  Amoss  has  found  that  young  rabbits  are  more  satisfac- 
tory  than  older  ones  for  this  purpose,  and  he  uses  rabbits  weighing 
between  1500  and  1800  grams.  He  grows  his  meningococci  on  glu- 
cose agar  slants,  and  washes  up  the  growth  in  salt  solution.  0.001 
of  a  culture  is  inoculated  as  the  first  dose.  For  the  rapid  production 
of  agglutinating  sera,  he  injects  his  rabbits  for  three  succeeding 
days,  giving  a  rest  of  five  days,  and  then  another  course  of  three 
days  injection,  lie  bleeds  the  animal  two  or  three  days  after  the 
second  course  of  inoculation.  For  ordinary  purposes,  the  slow 
method  of  three  or  four  day  intervals,  about  five  or  six  injections, 
with  bleeding  eight  or  nine  days  after  the  last  injection,  may  be 
used.  Among  English  workers,  Hine  -^  injects  culture  suspensions 
growTi  on  25  per  cent  hemoglobin  serum  agar,  killed  at  65°  and 
brought  to  a  standard  opacity.  0.5  per  cent  carbolic  acid  is  added 
for  preservation.  He  standardizes  all  his  suspensions  by  opacity 
comparisons  against  suspensions  of  freshly  precipitated  barium 
sulphate.  He  compares  by  diluting  his  suspension  in  a  test  tube  of 
similar  dimensions  as  the  standard  tube,  until  the  image  of  a  small 
flame  is  just  visible  in  the  same  distance  from  the  flame  as  in  the 
case  of  the  standard  tube.  With  such  suspensions  he  immunizes  rnb- 
bita,  beginning  w\\\\  an  injection  of  two  doses  of  five  hundred 
millioit  cocvA  at  ;in  interval  of  one  h(mr.  Six  days  later  he  gives  thn»o 
million  cocci,  and,  if  the  serum  is  satisfactory  on  the  eighth  day 
later,  he  bleeds.  This  method  was  satisfactory  in  the  hands  of  Hine, 
with  types  I  and  III.  With  the  other  types  he  has  had  to  give  larger 
and  more  frequently  repeated  doses.  In  all  such  immunisation, 
experience  and  judgment,  with  frequent  titration  of  samples  of  the 
rabbit  serum  taken  from  the  car,  are  necessary. 

Nieolle  ^'*  at  the  Pasteur  Institute  uses  for  imnuinization,  pow- 
dered meningocoeeus  antigen  prepared  from  growth  on  agar  slants 
by  suspension  in  salt  solution,  centrifugation  and  drying.  Hine  al»o 
recommends  the  use  of  rabbits  ranging  from  800  to  1500  grams. 

Agglutination  Technique  with  Meningococci. — Agglutination  of 
meningococci  present  considerable  difficulties  hecau.se  of  the  relative 
inagglutinability  of  many  meningococcus  cultures.  This  is  a  peculiar- 
ity of  these  organisms  which  has  necessitated  much  investigation  and 
many  technical   modifications.      Hine  has   found   that   allowing  the 
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diluted  carbolic  saline  suspension  to  stand  for  twenty-four  hours, 
increases  agglutinability,  and  recommends  this  technique  if  time  per- 
mits. Tulloch"  has  called  attention  to  a  number  of  prpcautions  both 
in  handling  of  the  cultures  and  the  serum  for  agglutination  which  seem 
to  tis  sufficiently  important  to  note.  He  recommends  the  use  of 
standardized  saspensions  of  the  meningococci  as  described  by  nine, 
and  recommends  great  caution  in  the  nature  of  the  medium  on  which 
the  cultures  arc  grown.  He  advises  getting  rid  of  the  <-<indensation 
water  in  the  slants  before  washing  off  the  growth,  owing  to  the  possi- 
bility of  alkalin  or  acid  reactions  in  this  condensation  water.  The 
strength  of  the  phenol  in  standanl  suspensions  should  never  l>c  more 
than  0.5  per  cem.  Also  he  warns  against  getting  any  of  thr  agar  into 
the  suspension  heeause  lie  believes  that  it  may  act  under  eertain  cir- 
cumstances as  a  protective  colloid. 

On  the  basis  that  moderate  heat  mereases  the  agglnt inability  of 
organisms  like  the  typhoid  bacillus  and  meningococci,  the  workers  in 
the  British  Central  Laboratory  used  the  routine  method  deseribcd 
under  carrier  determination,  that  is,  incubating  the  serum  culture 
agglutination  mixtures  in  a  water  bath  at  55°,  for  varving  periods, 
usually  twelve  hours  before  the  final  readings  are  made.  Hot  air  ovens 
at  55**  are  not  good  substitutes  because  of  the  great  evaporation  Avhich, 
according  to  Hine,  occasionally  leads  to  spontaneous  iigglutination 
( See  also  secTtion  on  Carriers. ) 

Agglutinin  Absorption  Expcnmenis  for MeningocaccKs  Typing." — 
A  thick  suspension  of  the  meningococci  to  be  examined,  quantity 
0.5  c.c.,  is  mixed  with  the  various  monovalent  type  sera.  0.5  c.e..  dilu- 
tions 1  to  25,  in  saline.  Similar  serum  dilutions  were  set  up  without 
suspensions.  The  tubes  are  thoroughly  shaken,  set  in  the  water  l>ath  at 
37"  for  one  hour,  and  then  at  room  temperature  overnight.  The  tubes 
are  then  centriftigalized  at  high  speed  until  the  supeniatanl  fluid  is 
clear.  The  supernatant  fluids  of  the  tubes  containing  the  suspensions, 
as  well  as  the  fluids  similarly  treated  without  suspension,  now  repre- 
sent serum  dilutions  of  1  to  50. 

Each  suspension-absorption  tube  now  has  a  serum  control  which 
has  been  exposed  to  the  same  temperature  in  tlie  .same  dilutions  with- 
out meningocntvi.  From  each  set  of  two  tubes  now  other  tubes  art 
made,  into  which  0.4,  0.2,  0.1,  and  0.05  e.c,  are  taken,  and  with  salt 

"  TuUoch,  Royal  Army  Med.  Jonr.,  February,  1918. 

"The  fiewription  Kivcn  i«  thiit  given  l)y  the  Britinli  Mr^ilionl  Repenwh  Com- 
mittee, loc.  cit. 
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Holution  the  volume  of  all  of  these  luhes  is  hi*ought  up  0.4  c.c.  To 
uuch  of  the  tubes  now  0.4  o.c.  of  the  homologoiu  meningococeux  sus- 
pension is  added,  giving  serum  dilutions  rangtnt;  from  1  to  100,  to  1 
to  800.  Those  an-  now  incubated  at  55  '  for  twenty-four  hours,  as  in 
the  first  agglulinu^oii.  The  agglutinating  titers  of  the  alisorbt'd  sera 
arc  now  compared  witli  tliose  of  the  ini-al)Horbed,  and  diminutions  of 
titrr  ar*^  noted. 

Animal  Pathogenicity. — Animals  are  Jiot  very  susceptiblo  to 
infection  with  Diploeoecus  meningitidia.  Subeutaneous  inoeulation 
is  rarely  followet.1  l)y  more  than  a  local  reaction  unless  large  quan- 
tities tf.re  used.  NYhito  miee  arc  rather  more  susceptible  than  other 
Mpociea.  Intraperitoneal  and  intravenous  inoculation  of  siiffieient 
quantities  usually  results  in  the  death  of  miee,  rabbits,  giiincji-pigs, 
and  dogs.  Occasional  strains  have  been  found  to  possess  a  not 
ineonaidcrable  degroe  of  toxicity  for  rabbits,  grave  symptoms  or 
even  deatli  following  intravenous  injeetion  of  but  moderate  quanti- 
lies  withi>ut  any  timu^able  development  of  the  microorganisms  in  the 
organs  of  the  oninials.  -i 

Similar  nlwrrvations  have  been  made  by  Albrecht  and  Ghon," 
who  Muecrcdctl  in  killing  white  mice  with  dead  cultures.  It  would 
seem,  th^*^ef(^r(^  that  th<*  effect  of  tliis  coccus  upon  animals  depends 
chioHy  upon  the  poisonous  sukstancos  contained  in  the  bacterial 
lHidi(*s  (endotoxins).  Lei>irrre '*  has  obtained  the  meningococcus 
toxin  by  aleohoi  prreipitation  of  broth  cultures. 

W«'ichaelbanm  himself  snceecded  in  producing  meningeal  sup- 
puration and.  in  unr  case,  brain  aliscess.  by  subdural  inoculation  of 
dogs.  Couneitman,  MaDory.  and  Wright  produced  a  disease  in  many 
respects  similar  to  the  human  disease  by  intraspinous  inoculation  of 
a  gont.  More  recently,  Flexner  ^'^  has  succeeded  in  producing  in 
monkeys  a  condition  entirely  analogous  to  that  occurring  in  human 
beings. 

THE  DISEASE  IN  MAK 

The  disease  produced  in  man  consists  anatomically  in  a  'gn]>purativp 
lesion  of  llu'  meninges,  involving  the  base  and  cortex  of  the  hraJn  and 
the  surface  of  the  spinal  cord.    The  nature  of  the  exudate  may  vary 


-  "*  Albrecht  tind  Ghon,  lor.  cit, 

■•  Lepierrty  Joar.  d«  phj"*-  •*  **•  path.  g*ii.,  ▼,  No.  3, 
"^ffJTicr,  Jourti.  of  Exp.  Nf^il.,  1906. 
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fponi  a  slififhtly  turbid  sitous  fliuU  to  that  of  a  thick  fibrinous  exudate. 
[In  cbronic  cases  encephalitis  and  dilatation  of  the  ventricles  may  take 
rtace.  Apart  from  tiieir  presence  m  the  meninges  and  in  the  naso- 
fiharynx,  menmgocoe<^i  have  not  been  satisfactorily  demonstrated  in 
fliiy  i\t  \\W  tftmiplit^aTing  lesions  of  the  disease.  Reports  of  their  prea- 
;ence  in  Tl\*  eonjunetivie,  in  the  bronchial  seeretions  from  broncho-  or 
lobar  pneumonia,  and  in  otitis  media,  have  been  reported  but  are 
!lK>t  very  common. 

The  (K'currencc  of  this  mieroorganiam  in  the  circulating  bliKKl  of 
iening^l^^  gflj^os  has  t)eeu  definitely  proved  by  Elscr,^'^  who  found  it 
^tn  ten  cases. 

In  the  discussions  ou  epidemiology,  below,  we  vnll  sec  that  Her- 
^riek  and  others  claim  that  tbe  meningoeo<»eu8  is  probably,  in  the 
[Jnajority  of  cases,  in  the  blood  before  it  reaches  the  meninges,  making 
fits  way  to  the  central  nervous  system  by  way  of  the  blood  stream 
i^tlier  tlinn  directly  along  the  lymphatics  at  the  base  of  the  skull. 
'It  seems  fair  to  assume  from  blood  culture  evidence  that  this  cer- 
tainly happens  in  many  eases  even  though  it  may  not  be  the  rule. 
During  epidemics,  also,  there  are  oceasionol  cases  in  which  a  general 
septicemia  due  to  meningococci  occurs,  without  ever  giving  rise  to 
symptoms  pointing  to  meningeal  involvement.  These  cases  are 
always  violent  in  course,  usually  fatal  and  accompanied  by  a  profuse 
petechial  rash. 


lACTEBIOLOGIOAL    MANAGEMENT    OF    THE    MENINGITIS 
CASE  AND  SEBUM  TREATMENT 

la  the  light  of  our  present  knowledge  of  the  bacteriology  and 
serum  treatment  of  epidemic  meninpitiH,  a  considerable  responsibil- 
ity rests  with  the  bacteriologist.  The  ditTcrcnce  between  recovery, 
and  death  may  depend  directly  upon  the  speed  with  which  a  bac- 
teriological diagnosis  is  made  and  a  proper  management  of  tin*  scrum 
treatment.  When  a  ease  of  suspicious  fever  in  wliich  sliglit  stiffuesfi 
of  the  neck,  and  a  developing  Kcrnig  sign  is  iLs.sociate<^  wi 


other  indications  at  an  acute  infection,  the  first  step  must  con 
lumbar  puncture. 

A  sterile  lumbar  puncture  needle  is  thrust  into  the  spinalcanal, 
a  little  to  ont-  side  of  the  third  or  fourth  hmihar  spjift-   and  thu  fl^iq 


'  »T57*rf ,  Jonr.  Mp<i  Bea.,  jAv,  190«. 
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tmt  pressure,  is  taken  directly  into  a  eentri- 

ittfei  aost  then  be  examined  as  above  indicated  in 

spinal  fluid,  and  the  diagnosis  uiude.    If  pos- 

Amkl  be  made  at  the  bed  side,  and  an  immediate  Gram 

itb  tbr  first  drop  of  fluid  that  flows.     In  this  way,  it 

to  inject  the  first  dose  of  serum  immediately  after 

of  th«'  tliaprnnstic  fluid, 

of  Spinal  Fluid. — The  spinal  fluid  of  meuiugoeoccus 
iA  vbifhtiy  turbid  in  the  very  early  periods,  beeoniing  increas- 
^t^i>  IMTuWul,  with  large  numbers  of  polymorphonuclear  leueocytes. 
kfc  mtm*  tf*»'«  X\w  l^uid  wlneh  has  been  very  purulent  may  clear 
^  «MitoKlcr«hl>*.  mid  then  beeomo  purulent  agatn»  a  matter  probably 
'III  u|Hin  sareulation  in  parts  of  the  subarachnoid  upaee.  The 
in  the  nature  of  the  spinal  fluid  under  intraspinous 
tr«Mitmeiit   will   be  spoken  of  in  another  place.     A   certain 


uf  t»n>gnostie  information  can  be  obtained  from  the  spinal 
tnU  fa  tbtt>  S"  sevtMT  eases  that  are  not  doing  well,  there  will  be 

Muniber  of  organisms,  extracellular.     Qrdinarily,  the 
it.  .'  nioningoeoeei  are  intracellular.     Such  spinal  fluid 

abv         ..>  H  into  sterile  centrifuge  tubes,  brought  to  the  labora- 

l<*y  without  delay,  slides  smeared  from  the  sediment,  and  stained 
k^  Jvoncr  and  by  Gram.  It  is  important  to  remember  that  because 
of  Ihr  exteu.^ve  autolysis  of  meningococci  in  the  fluid,  it  may 
uiuler  rircumatnnces  be  very  diflScult  to  find  meningococci.  In  such 
'   nged  search  1        *'  ''-d  _to  reveal  organisms,  our  ex- 

tu^ht  ^jQ..fls^_        "iii  purulent  fluid  f rogi^  a  case  of. 
^i\  «ont.    1  is  in  which  there  are  a  preponderance  of  poly- 

uumjiIk  >m  \tt's  without  organisms  is  proj^))ly  "mcningo- 

tH>ccu?t  "^     "    '  ptococcua  and  pneumoeoceus  fluids  invariably 

aJiow  (Jrampositive  cocci. 

The  fluid  Khonld  be  cultured  upon  blood  agar  plates,  the  medium 
prepared  as  described  above.  It  is  well  to  inoculate  the  plates 
hi*avlly  alnoo  the  viable  organisms  present,  even  in  acute  fliuda. 
may  be  relatively  few  in  numbers.  To  be  on  the  safe  side  it  ia 
Hometimes  well  too,  to  place  a  portion  of  the  fluid  in  the  oiig^al 
renlHfiigfT  lube  in  the  incubator  for  three  or  four  hours  before 
inoo\ilating  media  from  it. 

The  typing  of  meningococci  derived  from  spinal  fluid  is  desirable 
alnec  the  preliminary  injection  of  polyvalent  serum  upon  first  diag- 
noals  may  be  advantageously  followed  by  the  injection  of  type  sera, 
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li&iu>logous  to  the  organisms  found  in  the  patient.  This  nielhod  is 
impracticable  on  a  large  scale  since  no  many  typeSf  shading  into 
each  other,  are  possible  in  this  disease.  However,  the  method  is 
used  to  a  considerable  extent  in  PVance. 

As  stated  in  the  section  on  the  manner  of  entrance  of  the  menin- 
gococci into  the  subarachnoid  space,  it  is  a  question  now  under 
discussion  whether  the  organisms  travel  along  the  lymphatics  to  the 
base  of  the  skull  directly,  or  whether  bacteriemia  precedes  menin- 
geal infection.  It  is  well,  alw^ays,  in  cases  of  early  meniiigitis.  to 
take  blood  cultures.  In  taking  blood  cultures  it  is  lK*Kt  to  inoculate 
hormone  glucose  broth  flasks  containing  not  less  than  100  c.c.  of 
txillure  tluid  and  to  make  a  number  of  glucose  hormone  agar  plates 
ith  varying  amounts  of  blood.  The  presence  of  meningococci  in 
te  blood  is,  of  course,  an  indication  for  intravenous  as  well  as 
itraspinous  injection  of  serum,  a  procedure  which  is  in  our  opinion 
dvisable  in  all  eases,  since  it  is  quite  likely  tliut  meningococcus 
'pticemia,  constant  or  intermittent  is  a  regular  feature  of  the 
pathologj^  of  the  disease. 

Senim  Therapy  of  Meningitis. — During  recent  years,  attempts 
lave  been  made  to  treat  epidemic  meningitis  by  injections.  snUni- 
taiieous  and  intraspinous,  of  meningococcus-imniune  scrum.  Wasser- 
mann,"  in  1907,  reported  results  of  such  treatment  in  one  hundred 
and  two  patients,  with  a  recovery  of  32.7  per  cent.  The  serum, 
manufactured  by  Wassermann  and  his  associates,  was  obtained  from 
horses  immunized  with  cultures  of  meningococcus  and  Avith  ti)xic 
meningococcus  extracts,  ilore  recently  Flexner  and  Joblingr^"  imve 
used  a  similar  serum  in  the  United  States  with  apparently  excellent 


■results.  The  scrum,  in  Flexner's  cases,  as  in  the  technique  first 
.used  by  Joehmann,  is  injected  intraspinously  after  a  quantity  of 
spinal  fluid  had  been  withdrawn.  The  cases  treated  by  Flexner 
^nd  Jobling*s  method  have  now  reached  large  immbers,  both  in 
■this  and  foreign  countries  and  the  value  of  the  serum  as  a  therapeutic 
[^agent  seems  firmly  established. 

The  Serum. — In  America  nolyv^h^nt  K^'i-inn  in  nai-d  almnat. 
universally,  tlorscs,  aa  for  othei'  serum  production,  are  the 
animals  employed.  The  cultures  with  which  tho  huT-ses  ary  im- 
muniised  must   be   many  containing  representatives  of  the  normal 


ffUMiiin,  Deut.  med.  Worh.,  39,  1907. 
FUzntr  and  Joblintf,  Jour.  Exper.  M«d.,  x,   1908. 
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rail  thr  qyttraai  gf  arterawtiate  fghttiiMittwi  tjrpea.    TV 
rtf  riiUure*  m  perhsps  the  M«Bt  importaAl  amgle  ffttlvre  in 
prodaHioci,  and  thtmt  vh9  «n<krtak^  to  prodo^  «nai  ^Kvcdd  be 
MMMtantljr  ree<tvtng  f'tiltTirrs  ft-Mn  Tarioos  pcrts  of  tlw  couutr^^i 
ttolatad  from  eawA,  cheekiiig  iKem  op  with  thrir  smun  prrwhift^ 
arul  ftddinf  tbcm  to  ihrir  hmatmizing  ct»f!««tM>a.  if  tb<T  miY  not 
repmented  bj  anltbodtea  in  tbr  polrralent  ftemm.     It  is  still 
lyfOMtion  of  cWmanding  some  rmearrh.  wh^bcr  or  not  a  definite 

imitation  of  the  ntifahrr  of  atralns  used  for  imraunizatton  would 
be  wf  adrantage,  «uiee  the  nac^  of  too  inanr  different  irtrains  may 
kt^p  down  the  afn^atinat&on  valuo  of  the  sermn  of  the  immtuiizedl 
home.     The  <^ltnn-»  inji^irted  into  the  horse  are  grown  on  agar,| 
anri  o«rc  waahctl  in  Malt  solutirm  before  injection.    Various  n>utine»j 
fi>r  the  injection  of  Ihonen  liave  been  de\'ised.  the  must  useful  method- 
at  \ht^  preaenc  time  eomiiwttng  of  injecting  on  two  or  three  eonsecii« 
tivr  <ia>'ftr  giving  rvsitit  of  jw-ven  or  fight  days,  be!w>*t-n  courses  of] 
rinjif-tion.    liy  this  mrthod.  antil)ody  prodnetion  may  be  speeded  up., 
^It  ia  iiiiiie*TeiiHar>'  h<*n'.  hoii'cvf'r  to  go  into  the  details  of  the  actnalj 
riral  procrduroH  and  nieaaurfments  used  in  the  produetion  ot\ 
The*w»  niothodii  an*  couAlantly  rhp.nf»ed  and  can  be  learned! 
[only  by  taking  part  in  the  proccfw  in  a  well  equipped  producing-] 
laboratory. 

Scrum  mual  he  Rtandardixcd  liefore  it  can  he  marketed.  Tliiii 
]iHH  tH'cii  a  very  diOicult  matter  and  a  number  of  Auggestions  hava] 
bt'cn  made.  Klexner  and  Johling*"  first  attempted  standardization- 
:by  opHonin  contenta.     <'oniplemeiit  fixation  has  l>een  recommended, 

ly  Mom«*  writcrH,  but  thr  usual  mothod  at  the  present  tinie  is  that 
of  agglnlJnalion.  Aa  a  general  rule  f^exner  states  that  the  poly- 
valent Kcpn  are  ready  for  uhc  when  They  agglutinate  the  normal 
and  pnrn-typea  in  dilutionn  of  1:1500  or  1:2000.  Such  st-rn  should 
alMo  agglutinate  intenne<liute  Kiraina  in  dilutions  of  1 :2fM)  and 
upward. 

AthninUtraiion  of  ISerum. — The  most  imiMjrtant  single  considera- 
llon  in  Hrrum  treatment  of  meningitis  is  the  early  reeogidlion  of 
jIIii;  eoHc  and  avoidance  of  deliiy  in  Ntarting  the  Hpeeifie  treatment. 
Failure  of  Hcruin  tn  atment_can  probably  in  most  eases  he  referred 
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to  dela>'.  Lumbar  piuieture,  therefore,  should  be  done  a.n  early  aa 
the  first  suspicion  is  aroused,  and,  if  uieniugoeoei'i  are  found,  the 
injection  of  serum  should  follow  as  rapidly  as  iKjssible. 

It  is  T)robablv  best,  in  the  long  run,  to  injoct  serum  immediately 
upon  oLtainhi^  a  turbid  iluid  in  a  fast-  in  wliirh  \)w  clinical  susi)icion 
points  strongly  to  epidemic  eerebrospinql  nr'^P'^r^i^ 

The  t»;ehnique  of  serum  injection  consists  in  first  withdrawing 
spinal  fluid  by  tapping  the  eanal  with  a  sterile  needle  and  aihjwing 
the  Huid  to  flow  out,  of  eourse  without  suction,  holding  a  eentrifuge 
lube  directly  over  the  butt  of  the  needle.  The  How  is  allowed  to 
continue  until  the  drops  begin  to  come  quite  slowly,  that  is,  a  drop 
every  ten  or  twenty  seconds,  and  then  the  serum  is  injected,  either 
by  gi*avity  or  witli  a  syringe  through  tlie  same  needle.  It  is  im- 
portant that  the  serum  at  body  temperature  shall  enter  the  eanal 
very  slowly^  and,  for  this  reason,  the  gravity  method  is  advised.  A 
•avity  arrangement  can  easily  be  constructed  by  attaching  about 
fighteen  inches  of  catheter  tubing,  steriliKcd,  to  the  end  of  the 
needle  with  a  small  sterile  funnel  at  the  other  end.  The  withdrawal 
of  large  amounts  of  fluid  suddenly  sometimes  causes  trouble,  the 
patient  breathing  rapidly,  and  showing  symptoms  of  threatened 
collapse,  but  this  is  rare,  and  a  little  judgmcfnt  in  withdrawing 
fluid  which  has  been  under  considerable  pressure  too  rapidly  ivill 
usually  giurd  against  accident.  During  the  injection  cif  the  serum, 
the  patient  should  be  carefully  watcJied,  since  occasionally  alarming 
symptoms  may  arise  from  too  rapid  increase  of  internal  pressure. 
The  physician  must  be  ou  the  alert  for  such  symptoms  and  imme- 
diately discontinue  the  injection  for  the  time  being.  Flexner*** 
ad^^8es  10  minutes  for  the  injection  of  the  entire  amoiint  of  se rum 
tLsed^ 

The  d(?tiftg<^  of  serum  should,  to  some  extent,  depend  upon  the 
amount  of  fluid  withdrawn,  and  the  amount  injeeto<l  sltnulct  usually 
be  letis  by  several  centimeters  than  the  amount  wntlnirawn:  TT]J 
average  dose  for  an  adult  shotild  be  about  -iO  e.c..  tnoU^Ml  Iffbre  may 
be  trivcn  when  large  quanlitllti  Uf  fluid  ImM'  Ifceii  U'illltll'awn,  an<l 
when  the  case  is  very  carefully  wat<'hed  by  an  experienced  man. 
Sophian*'  has  recommended  controlling  tlie  withdrawal  of  spina) 
fluid  and  the  injection  of  the  serum  by  blood  pressure  measurenients. 


•J7exnrr.  Bulletin,  Rock.  ln«t.  for  MckI.  Bm.,  191T. 

^■SopkijH,  Ep)il(*mie  CVrebroBpiaftl  Meningitifl,  Ht.  t»uU,  1913,  p.  54. 
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flfif^  pftrR-tvppar  and  a  Considerable  number  of  intermediates^  if  vm- 
siblc,  to  represent  individuals  from  various  parts  of  what  we  mav 
call  the  spectrum  of  intermediate  agglutination  types.  The  choice 
of  cultures  is  perhaps  the  most  important  single  feature  in  serum 
production,  and  those  who  undertake  to  produce  serum  should  be 
constantly  receiving  cultures  from  various  parts  of  the  country, 
isolated  from  cases,  checking  them  up  Avith  their  serum  product, 
and  adding  them  to  their  immunizing  collection,  if  they  are  not 
represented  by  antibodies  in  the  jwlyvalent  serum.  It  is  still  a 
question  of  demanding  some  research,  whether  or  not  a  definite 
limitation  of  the  niunber  of  strains  used  for  immunization  would 
be  of  advantage,  since  the  use  of  too  many  different  strains  may 
keep  down  the  agglutination  value  of  the  serum  of  the  immunized 
horse.  The  cultures  injected  into  the  hoi-se  arc  grown  on  agar, 
and  once  washed  in  salt  solution  before  injection.  Various  routines 
for  the  injection  of  horses  have  been  devised,  the  most  useful  method 
at  the  present  time  consisting  of  injecting  on  two  or  three  consecu- 
tive days,  giving  rests  of  seven  or  eight  days,  between  courses  of 
injection.  By  this  method,  antibody  production  may  be  speeded  up. 
It  is  unnecessary  here,  however,  to  go  into  the  details  of  the  actual 
technical  procedures  and  measurements  used  in  the  production  of 
serum.  These  methods  are  constantly  chanf^ed  and  can  be  learned 
only  by  taking  part  in  the  process  in  a  well  equipped  producing 
laboratory. 

Serum  must  be  standardized  before  it  can  be  marketed.  This 
has  been  a  very  difficult  matter  and  a  number  of  suggestions  have 
been  made.  Flexner  and  Jobling'"  first  attempted  standardization 
by  opsonin  contents.  Complement  fixation  has  been  recommended 
by  some  writers,  but  the  usual  method  at  the  present  time  is  that 
of  agglutination.  As  a  general  rule  Plexner  states  that  the  poly- 
valent sera  are  ready  for  use  when  they  agglutinate  the  normal 
and  para-types  in  dilutions  of  1  ;1500  or  1 :2000.  Such  sera  should 
also  agglutinate  intermediate  strains  in  dilutions  of  1 :200  and 
upward. 

Adminhtration  of  Serum. — The  most  important  single  considera- 
tion in  senun  treatment  of  meningitis  is  the  early  recognition  of 
the  case  and  avoidance  of  delay  in  starting  the  specific  treatment. 
Failure  of  serum  treatment  can  probably  in  most  cases  be  referred 

»  FUxner  and  Johling,  Jonr.  Exper.  MH.,  10,  1908. 
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cases  miust  have  included  a  great  many  treated  too  late  to  permit 
any  kind  of  treatment  to  be  effective.  Flexner's  statistics  of  cases 
ttJider  serum  treatment  show  tliat,  of  1211  cases,  analyzed,  those 
treated  between  the  first  and  third  day  (199)  showed  a  mortality 
of  18.1  per  cent,  those  treated  between  the  fourth  and  seventh  day 
(346)  shewed  a  mortality  of  27.2  per  cent,  and  those  treated  later 
than  the  seventh  day  (666)  showed  a  mortality  of  36.5  per  cent. 
The  followinj?  table  taken  from  a  paper  by  Flexncr,  published  by 
the  Rockefeller  Institute  as  a  Bulletin  in  1917,  gives  similar  com- 
parative mortality  statistics  reported  by  different  observers. 


CX)MPAJUTIVE    MORTALITY 

REPORTF.n  BY 

VARIOIJS  OBSERVEILS  " 

Trutneot  Betuu. 

Par  Ccot. 

N«tur. 

Per  Cent. 

DopUr, 
Per  C«nl, 

Chrirto- 
Per  CePt. 

Per  Cent 

Flftck. 
Per  Cent. 

Before  third  day.  ..... 

From  fourth  to  seventh  day 
After  seventh  day ....... 

18  1 
27  2 
36  5 

7  I 
11   1 

23.5 

8.2 
14.4 
24.1 

13.0 
35  0 
470 

13  2 
20.4 
28.6 

9,09 
50,00 

Altogether,  then,  it  seems  quite  clear  that  serum  treatment  has 
made  a  tremendous  difference  in  the  mortality  from  this  othei'wise 

so  fatal  disease. 


OTHER    GRAM-NEOATIVE   MICROCOCCI   WHICH   MUST   B£ 
DIFFERENTIATED  FROM  MEKINOOCOCCI 

Micrococci  Catarrhalis. — This  organism  is  more  particularly 
deseribed  in  a  separate  section  below.  It  is  one  of  the  common 
organisms  wliich  may  confuse  carrier  examinations  bocaiise  of  its 
frequent  presence  in  the  nose  and  throat  of  normal  human  beings. 
Its  fermentation  reactions  are  deseribed  in  the  table  from  Klser  and 
lluntoon"  also  given  below.  The  organisms  are  slightly  larger  than 
meningococci,  grow  readily  on  the  simplest  media,  the  colonies  are 
larger,  thicker,  opaque  and  white,  and  have  a  tendency  to  dryness 
quite  distinct  from  the  dew-drop  like  appearance  of  meningococcus 
colonics,  and  do  not  agglutinate  in  specLfic  serxun.     They  show  a 


*'FlcxneT,  Bulletin  of  the  Rock.  Inst,  for  Med.  Res.,  1917 
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tendency  to  spontaneous  agglutination  in  salt  solution  and  in  horse 
serum. 

Micrococcus  Flavus. — A  common  inhabitant  of  the  normal  throat 
which  grows  easily  on  simple  media  and  may  be  grown  at  room 
temperature  at  or  below  25",  temperatures  at  whicJi  the  meningo- 
coccus ceases  to  grow.  It  is  always  important  to  expose  suspected 
cultures  at  room  temperature  in  the  dark.  A  yellowish  pigment  is 
formed  by  the  cultures,  but  often  does  not  come  out  for  several 
days.  The  very  young  colonies  may  very  closely  resemble  meningo- 
coccus colonies,  but  arc  easily  distinguished  in  sub-cultures,  es- 
pecially when  the  growth  is  forty-eight  or  more  hours  old.  There 
are  a  considerable  number  of  chromogenic  organisms  closely  related 
to  the  Flavus.  Elser  and  Iluntoon  describe  three  chief  chromogenic 
groups,  one  of  which  has  a  greenish  gray  or  greenish  yellow  ap- 
pearance by  reflected  light,  with  an  opacity  that  approximates  the 
meningococcus  colony.  The  second  group  is  the  one  most  closely 
resembling  Lingclsheim's  M.  Flavus. 

Their  third  chromogenic  group  also  makes  a  greenish  yellow 
pigment,  and,  except  for  this,  is  very  similar  to  the  M.  catarrhalis. 
A  curious  fact  has  been  noted  by  Blser  and  Huntoon,  namely,  that 
some  of  their  chromogenic  organisms  were  easily  distinguishable 
from  meningococcus  colonies  at  first  isolation,  but  in  the  course  of 
artificial  cultivation  they  lost  some  of  their  original  characters  and 
their  power  to  produce  pigment,  and  gradually  approximate  the 
appearance  of  meningococcus,  at  least  as  it  appears  in  strains  long 
isolated. 

The  Flavus  group  gives  pernaps  most  diflSeulty  in  meningococcus 
carrier  examinations,  since  the  young  colonies  of  these  organisms 
may  look  very  much  like  the  young  meningococcus  cultures.  The 
chief  points  of  differentiation,  apart  from  sugar  fermentation,  which 
confirm  them,  are:  The  fact  that  Flavus  colonies  will  grow  out  at 
room  temperature  on  .slants  of  simple  media ;  that  they  begin  to 
form  pigment  after  forty-eight  hours  or  so,  and  that  they  will 
agglutinate  in  normal  horse  serum  in  dilutions  often  as  high  as  1  to 
50,  and  in  the  meningococcus  sera,  indiscriminately,  often  as  high 
as  1  to  100.  Meningococci  do  not  agglutinate  in  salt  solution  spon- 
taneously, unless  under  the  conditions  mentioned  above  as  noted  by 
Hine,  and  under  the  influence  of  abnormal  acid  or  alkalin  reactions. 
In  all  series  in  which  the  specific  agglutination  tost  is  u.sed  for  tlie 
determination  of  a  meningococcus,  therefore,  normal  horse  serum 
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tubes  should  he  sot  up  in  dilutions  ranging  up  to  1  to  50  at  '.cast, 
in  order  to  exclude  organisms  of  the  Flavus  type. 

Micrococcus  PnARVNais  Siccus. — This  organism  describod  by 
Lingelsheim**  is  a  Grain-negative  diploi-occus  ol'tfU  found  in  the 
normal  pharynx,  and  is  rocognizrd  by  its  dry,  t'lTnat'd  rolonics 
on  simph'  nurdia.  Arc^ording  to  Filscr  and  Huiitodu^  it  Ncdinu'nt^ 
spontaiiooiLsly  in  salt  solution  and  tlns^  logi'ther  with  tlit*  fai*t  that 
jthe  colonics  arc  formed  in  a  way  almost  iinpoasibU'  to  break  up. 
makes  it  casy^  according  to  these  observers,  to  distiiiguLsJi  it  from 
the  meningococcus.  It  is  a  little  more  difficult  to  distinguish  from 
M.  ('atarrlialis,  but  can  be  easily  separated  from  this  ttrganism  by 
means  of  the  fermentation  test. 

Dipijococci's  (*KAsaus. — This  is  the  organism  that  Kutscher*^ 
.described  as  probably  identical  with  the  so-called  "Jaeger"  variety 
pi  meningococcus.  According  to  Kutscher  and  von  Lingclsheim. 
this  organism  lias  a  tendency  to  wander  from  the  normal  pharynx 
into  the  central  nei'vous  system  in  cases  of  meningitis  of  oilier 
^origin.  Lingclsheim  claims  to  have  found  it  m  the  fluids  of  traumatic 
meningitis  and  tuberculous  meuiugitis.  It  has  the  peculiarity  that 
,^thc  cultures  are  said  to  be  composed  of  Gram-negative  and  Gram- 
fjpositivc  organisms  some  of  the  cocci  retaining  the  Gram-stain.  Ac- 
cording to  Von  Lingclsheim,  the  colonies  ai*c  smaller  and  more 
compact  than  meningococcus  coUmics,  and  it  will  grow  al  room 
temperature. 
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Micrococcttft  phurvngut  siccus. . 

Chromogonic  group      I 

Chroinogenir  group    II 

Ctiromogonic  (croup  III 
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ftroM. 
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0 

0 

0 

0 

0 

0 

0 

0 

+ 

0 

+ 

0 

0 

0 

0 

0 

+ 

+ 

+ 

4- 

Gftl- 

netciM. 


Tabic  taken  from  Elser  and  Huntoon,  Loc.  cit. 


**  LinffelMheim,  Klin.  Jahrb.,  15,  1906, 

**  Ji»tschtr^  KoUe  and  Wa»»€ntuiim,  Vol.  4,  Booond  Edition,  p.  603. 
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EPIDEIOOLOOICAL    PROBLEMS    CT    BUSUfOITIS 


Aitiio>iigii  sporwlK  caan  o€  BP^nin^tlB  ny  o^rrsr  zn  a 
for  a  rocondfrabU  namhrr  of  jr%r^  aft^rr  an  rpAdrKir  »  owr,  and 
the  diaKftae  may^  therefore,  be  rvgartfed  aa,  to  mmt  extent, 
in  all  crowded  ritiea,  it  is  ehie^  importsat  for  ha  cjwlLii 
rcnc«.  In  1905  a  re^ogmzabij  deacribed  epidemic  ocemied  in 
Hwitzerfand.  Sinee  that  tune  epidemics  hare  beea  rcaaonabty  fre- 
quent, especially  at  times  of  war,  when  they  appeared  among  arues 
in  barracks  and  mobilization  camps.  During  the  many  continental 
campaigns  in  the  time  of  Napcrfcon,  ovtbrraka  oecnrred  in  the 
rarions  arnues,  and  secondary  cpidemies  among  the  etrilxan  popola- 
tion  in  many  citin  followed  in  the  train  of  these.  In  America,  a 
numlMT  of  Hmif  4-d  epidemica  oecnrred  in  the  Stales  akmg  the  Kasti^m 
Hca  bonr'l  during  thr*  early  half  of  the  19th  centniy,  and  in  these 
civilian  epidemics  the  disease  particnlarly  st'lected  children  and 
young  sdolts.  Extensive  civilian  epidemics  oecnrred  in  different 
psrts  of  the  world  in  thi*  early  >ears  of  the  20th  century.  In  1903 
the  disease  appeared  in  Bast  Pruwna  and  spread  to  other  parts  of 
(?i*miany  from  there.  In  1904  and  1905  it  appeared  in  New  York 
('ity»  and  thf  adjnofnt  country,  on  an  extensive  scale  causing  the 
death  of  3,000  people  and  altogether  about  7,000  cases  in  Xew  York 
City  alone.  In  the  summer  following  its  appearance  in  New  York, 
it  extended  to  <*unuda.  and  in  the  years  since  then,  small  outbreaks 
and  MiHiradic  eam-s  have  appeared  with  gradually  decreasiuK  frc- 
(|Uency  all  through  the  more  thickly  populated  parts  of  North 
America. 

During  th^   Ifttu  war,   there   was  litllo  mcuingitia  among  the 
Kuropcau  armica  until  an  extensive  outbreak  occurred  among  the 
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Canadian  troops  on  Salisbury  Plains.  The  increase  of  cases  among 
these  troops  look  place  in  February,  11)15,  and  niter  this  lime  the 
disease  began  to  appear  in  the  overseas  expeditionary  troops,  al- 
though among  these  no  extensive  epidemic  occurred  at  any  time. 
Among  American  troops  the  disease  was  most  prevalent  in  1917 
and  IdlS  among  the  troops  gathered  in  the  cantonments  in  the 
United  States.  According  to  the  epidemiological  studies  of  Vaughau 
and  Palmer**  in  the  camps  in  1918,  meningitis  showed  *'of  all  dis- 
eusi*s,  the  greatest  excess  over  the  disease  in  civilian  communities." 
V'aughan  estimates  that  meningitis  was  forty-times  as  frequent  in 
thr  Army  as  in  civilian  life.  The  highest  morbidity  occurred  at 
Camp  Jackson  where  it  reached  a  rate  of  25.1  per  thousand,  and  a 
death  rate  of  7.U5.  Next  to  pneumonia,  it  was  the  most  serious  disease 
oceurring  in  the  camps.  In  the  Surgeon  General's  report  for  1^18, 
thr  disease  stood  iifth  as  a  cause  of  death  for  enlisted  men  in  the 
United  States  and  Europe,  with  a  case  mortality  of  34.8  per  cent. 

During  the  Armj'  epidemics  there  was  a  definite  racial  difference 
in  timt,  aeeording  to  Surgeon  (ieniTal  lrrhind*8  report,  the  admission 
rate  for  colored  troops  in  the  United  States  was  2.44,  whereas,  it 
was  only  1,2  for  whites,  and  the  death  rate  for  colored  troops  was 
0.98  against  0.41  for  whiles. 

As  to  seasonal  prevalence,  meningitis  usually  develops  in  the 
late  autumn  and  winter  months,  the  largest  ea.st'  rates  being  erun- 
eidcnt  with  the  cold  and  wet  weather,  when  a  basie  catarrhal  intlam- 
nmtion  of  the  upper  respiratory  tract,  creates  favorable  conditions 
for  the  lodgment  of  organisms  and  for  the  general  distribution  of 
saliva  by  coughing,  sneezing  and  spitting.  During  the  war,  the 
highest  admission  rates  in  the  United  States  usually  fell  into  the 
months  of  November,  December  and  January,  which  is  the  time  of 
the  highest  ease  rate  for  most  respiratory  epidemics.  Yet  cases  will 
usually  trail  along  through  the  hot  weather. 

Meningitis  epidemics,  therefore,  will  oeeur  ehiefly  in  the  tem- 
porate  zones  during  the  winter  months  at  times  when,  during  the 
prevalence  of  generalized  respiratory  disease,  large  numbers  of 
people  are  crowded  in  close  quarters,  under  conditions  which  render 
attention  to  hygiene  and  sanitation  difiieult.  The  reasons  for  this 
mil  become  apparent  as  we  study  the  manner  of  transmission. 

The  meningoeocous  does  not  survive  easily  outside  the  body,  and 
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runidlv  dies  out  m  dust,  or  even  in  sputum,  under  conditionfi  of 
low  ti-niDcrulure.  deticimt  nioisture  and  rompt'tition  with  other 
muToon^a.tJHiiis.  As  I'nr  as  we  know,  it  is  not  c;irvij'd  by  uuy  o£ 
the  donu'stic  animals  and,  theret'oro,  the  origin  of  iiilWtion  lies  in 
the  .soerrtious  of  eases  and  of  carriers.  The  niieroorgunisms  &ns 
Foiuul  in  ill*'  nosi's  and  ihroats  oi  the  siek,  sometimes  in  the  Kecrc- 
tiouK  of  thi-  eyt^  where  a  nieningococcuR  conjunetivitLH  may  exist. 
With  til**  seeretiotis  of  these  mucous  membraneK  it  reuehes  the  outer 
world.     The  nieningopoeei  mny  be  present  in  eases  for  a  lony;  time 

or  eonvnioscencc,  and,  n«  we  know,  thoy  are  present  in  a  consider- 
able percentage  of  people  who  have  never  hud  metiinjfitis,  with  whose 
seeri'lions  the  orgiinisms  may  Ik*  eonHtantly  Ininsferred  to  eontuetw. 
Transmission  probably  occurs  by  clone  contact  between  carrier  or  ease 
and  new  host,  thmu^h  the  tiuHophar^^nx,  where  the  or^anistiu%  lod^e  and 
midtipiy.  From  this  lodpment  they  pass  into  the  meninges,  either 
directly  along  the  lymphatic  channels  to  the  base  of  the  skull,  or 
perhaps  indirectly  by  way  of  the  general  eireulation.  The  former 
route  is  the  t»ne  favored  by  most  observers.  However,  during  the 
early  periods  of  the  war,  a  few  caaea  were  reported  by  British 
clinieinuK,  in  which  blood  culture  was  positive  before  symptoms  of 
meningitis  had  developed,  and  during  theae  army  epideniies,  we, 
as  woll  as  others,  saw  occasional  casett  of  general  moningoeoecus 
sepliei'mia  which  died  without  ever  developing  meningitis.  In- 
cidentally, it  mny  l)e  stated  that  thi-sc  eases  develop  n  generalised 
rash  whifdi,  in  mtmo  of  its  stages,  is  not  unlike  that  of  typhus  fever. 
The  writiir  recalls  a  ease  in  whieli  he  matie  a  pj'obable  diagnosis  of 
typhus  fever  which  in  the  light  of  subsequent  experience  seems  to 
him  !o  have  possibly  been  a  ease  of  mmingococcua  septicemia. 
Positive  bloo<l  culture  in  such  cases  will  differentiate  l)ctweon  the 
two  tliseases.  Ilerriek*'  studied  this  phase  of  the  problem  at  t'amp 
Jaeksnn  in  1918  with  great  care,  and  eame  to  the  conclusion  that 
in  50  per  c<'nt  of  the  cases  early  blood  culture  will  reveal  gi^neral 
infection  before  clinical  evideuct^s  of  meningeal  invasion  are  ap- 
parent. This  olmt'rvation  is  of  the  greatest  imjjortance.  inr|i<'ating 
the  desirability  of  early  blooil  culture  work  for  dojibtful  diagnosis, 
and  also  throwing  light  upon  the  wisdom  of  intravenous  sennn 
therapy  combined  with  the  intrasptnous  injertions. 

Infcetitm  ()f  a  healthy  individual  from  a  case  is  of  very  rare 
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e,  and  since  there  are  in  every  epidemic  a  very  much  larger 
f  carriers  than  of  cases,   the  carrier  is  the  chief  epi- 

rVgical  pi'obleni.    As  far  as  infeotiou  of  new  individuals  from 

ts  is  concerned,  experience  during  the  New  York  epidemic 

d  only  two  or  three  cases  of  infectiou  of  doctors  and  nurses, 

the  hospitals  in  the  city  were  constantly  handling  eonsider- 

umbcrs  of  the  sick,     bi  onr  epidemiolofncal  experience  wnlh 

e  army,  the  actual  tracing  of  one  case  to  a  preceding  one  was 

Iso  relatively  very  rare.     This  does  not   mean  that   tlu^   tcruatest 

recautions  should  not  be  taken  to  prevent  such  transmission  in 

hospitals  and  siek  room.    But  the  epidemiological  emphasis  lies  with 

the  carrier. 

This  rareness  of  transmission  from  easels  to  the  liealthy  is  in 
our  opinion  due  to  the  peculiar  conditions  of  susceptibility  that  pre- 
vail in  rf'lation  to  meningitis,  and  the  fact  that  the  number  of 
people  with  whom  tiie  sick  come  in  contact  Ls  relatively  small. 

The  susceptibility  of  man  to  meningitis  is  a  curious  one,  different 
in  some  aspects  from  susceptibility  relations  to  almost  all  other 
infections,  except  perhaps  poliomyelitis.  In  tlie  general  population 
there  seems  to  be  a  great  variability  in  individual  susceptibility  to 
infection  with  Ihe  mfjiiiigococcus.  a  variation  which  can  be  traced 
to  no  determinable  cause.  Unlike  pneumonia,  temporary  fluctua- 
tions in  well  being;  produced  by  respiratory  dist-asc,  malnutrition, 
exposure  to  cold,  etc.,  do  not  seem  to  play  a  determining  role.  The 
disease  indiscriminately  picks  out  individuals  hei^e  and  there,  some 
of  them  in  the  most  robust  health,  strong  and  hardy,  while  sparing 
associates  who  may  be  feeble  and  run  down.  It  is  obvious  that  some 
individuals  are  normally  resistant  and  will  not  come  do^vn,  iu  spite 
of  considerable  exposure,  while  others  are  delicately  susceptible. 
Tile  difterence  may  possibly  have  been  produced  fortuitously  by  the 
fact  that  some  individuals  may  have  been  earners  at  one  time  or 
another,  and  have  become,  thereby,  spontaneously  imnuniize<l.  It 
is  difficult  to  get  at  this  question  experimentally,  and  there  are  no 
senim  or  other  reactions  wbitrli  we  can  apply  at  the  present  time, 
by  wfiic'b  we  can  discriminate  Ix^tween  the  susceptible  and  the  non- 
susceptible  of  a  community.  There  is  no  available  method,  more- 
over, by  which  we  can  distinguish  between  virulent  and  non-%irulent 
strains  of  meningococci. 

The  Carrier  ProbleiQ>^.\R  sta1f'<}  above,  the  nu'uingve^;><;^;iis  car- 
rier probably  is  the  s<iurce  of  iiitVction  in  most  of  the  cases  that 
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develop  during  an  epidemie.  Earlier  carrier  work  has  lost  value 
to  a  considerable  extent,  owing  to  the  fact  that  the  criteria  of 
meningococcus  identification  of  which  we  are  now  more  thoroughly 
informed  were  neglected  in  these  early  studies.  The  flora  of  the 
nose  and  throat  contains  many  Gram-negative  diplococci,  mentioned 
above  under  the  heading  of  identiiication,  some  of  which  were  mis- 
taken in  this  earlier  work  for  true  meningococci.  Micrococcus 
Oatarrhalis,  Micrococcus  Flavus,  and  a  number  of  other  similar 
microorganisms  probably  represent  a  definite  percentage  of  the 
earlier  statistics.  The  criteria  of  meningococcus  determination  have 
been  discussed  in  a  special  section  above,  and  these,  in  general,  were 
applied  in  the  extensive  meningococcus  carrier  work  which  was  done 
during  the  years  of  the  war,  especially  by  British  and  American 
bacteriologists.  The  studies  of  Bassett-Smith,*"  Gordon,**  Mathers 
and  Herrold,^**  show  that  in  the  American  camps  under  conditions 
of  ordinary  life  and  weather,  there  may  be  anywhere  from  two  to 
five  per  cent  of  meningococcus  carriers.  Mathers  and  Herrold  at 
the  Great  Lakes  Naval  Training  Station  examined  over  15,000  men, 
finding  over  4  per  cent  to  be  carriers  and  between  1  and  2  per  cent 
to  be  chronic  carriers.  Their  work  also  showed  that  the  carrier 
rate  is  higher  among  those  taking  care  of  cases,  and  that  over 
38  per  cent  of  those  recovering  from  the  disease  may  remain  carriers 
during  convalescence  for  variable  periods.  Contacts  showed  a 
carrier  rate  of  36.7  per  cent  during  a  period  in  which  the  general 
carrier  rate  in  the  camps  (15,000  men  examined)  was  slightly  over 
4  per  cent.  The  hospital  Corps  showed  a  carrier  rate  of  13.5' per 
cent.  It  is  natural  that  there  have  been  many  endeavors  to  establish 
relationship  between  new  cases  and  contact  with  carriers.  This  line 
of  investigation  has  not  been  conclusive,  owing  to  the  great  difficul- 
ties incident  to  such  investigation.  The  transmission  of  respiratory 
organisms  may  take  place  during  a  very  brief  contact,  in  conversa- 
tion, close  association  in  barracks,  moving  picture  shows,  public 
conveyances,  sleeping  quarters,  etc.,  and  the  innumerable  associa- 
tions of  this  kind  established  by  each  man  in  the  course  of  a  day, 
makes  it  almost  impossible  to  trace  them  with  accuracy.  Among 
the  most  interesting  studies  made  in  this  connection  are  those  of 


'^  Baaactt'Smith,  Lancet,  194,  1918,  290. 

^Gordon,  Med.  Res.  Com.,  Spec.  Rep.  Sen,  No.  3,  Ivondon,  1917. 

"  Maiherg  and  Herrold,  Jour.  Infect,  Di».,  22,  1918,  523. 


MICROCX)CCUS    INTRACELLULARIS    MKNINGITIDI8 


541 


Glover.*^  wlio  swabbed  tlie  throats  of  a  considerable  number  of  men 
iu  overcrowded  barrack  roouis.  in  the  course  of  sanitary  supervision 
during  which  tiie  spacing  between  beds  was  among  the  many  pre- 
cautionary measures  t-aken.  It  will  be  seen  here  that  sanitary 
measures,  including  the  spacing  out  in  sleeping  quarters,  brought  about 
a  very  considerable  drop  in  the  carrier  rate,  with  coincident  diminu- 
tion of  cases  of  meningitis.    Meleuey  and  R&y^*  traced  foiu-teeu  out 

EFFECTS   OF   "aPACING   OUT"   ON    "SEVERELY   OVER  CROWDED" 

BARRACK.ROOMS  • 


Unit 

Date  of 

Swabbing. 

Prrrpntagp 
Carrier 

Ratf  before 
Spacing. 
Out 

Pi.riod 

SpMcd 

Out 
Approxi- 
mately. 

Dftl«of 

Second 
SwBbbins. 

P(«rr*nUg<» 

CftrriM- 
Rate  after 

dpaetuc 
Om. 

No    1 

No. 2 

Sept.  29 
Oct.     2 
Oft.     2 
Oct.   26 

22  0 
28.0 
38,5 

28.0 

8  weeks 
6  weeks 

6  weeks 
5  weeka 

Deo.    6 
Nov.  23 
Nov.  23 
Nov.  30 

2.0 
7.0 

One  room  of  No.  2 

No  4 

4.5 
4.5 

•Glover's  Table 

of  t  .venty-four  cases  which  occurred  in  an  American  camp  to  contact 
with  carriers,  and  found  parallelism  between  the  incidence  of  cases 
and  the  rise  of  the  currier  rate.  These  examples,  however,  are  excep- 
tional and  it  is  relatively  rare  that  a  definite  relationship  of  this 
kind  can  be  established.  It  is  a  fact  that  carrier  rates  are  high 
in  such  camps  during  tlie  cold  months,  and  in  connection  with  the 
general  spread  of  respiratory  disease,  and  that,  at  such  times,  the 
incidence  of  the  disease  increases,  and  it  is  absolutely  logical  to 
assume  that  the  new  cases  arise  by  contact  with  the  carriers.  It  is 
of  importance,  however,  to  recognize  that  the  tracing  of  the  case 
to  the  individual  from  whom  he  has  been  infected,  at  times  when 
high  carrier  rates  exist,  is  not  often  possible,  and  comprehension 
of  thia  must  considerably  influence  the  measures  instituted  for  the 
control  of  the  epidemic. 

It  is  our  belief  that  the  extensive  carrier  examinations  made 
during  epidemics  and  the  wholesale  isolation  of  carriers,  were  rela- 
tively ineffective  during  the  war,  and  that  it  is  far  better  to  bend 
all  one's  energies  upon  a  general  improvement  of  the  respiratory 

'^Glover,  Jour.  Hyg.,  1",  1918,  367. 

"Metency  and  Say,  Jour.  Inf.  Dia.,  23,  1918j  317. 
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flickrato  with  tho  reduotion  of  carriers,  focusing  th^  carrier  ex- 
auLinati<^tm  upon  the  Hmall  opidcmiologifally  determined  intiniate 
group  from  which  ihv  vunv  haii  eornc,  ratiior  than  makiug  wholesale 
carrier  examinations  of  carricra  of  meningococcus  through  whole 
rcpimcnls  and  <livi?*iotiH. 

Carrier  Determination. — Thr  hacteriological  analysis  of  a  carrier 
is  not  a  aintptc  Dioct'dui'e,  aiui  implioH  tlie  proper  coiitrol  of  a  great 
many  conditions  \vhi<-h  iuMMssitatr  sp<M-iid  <lr.scrii>ti<in. 

To  obtain  the  nuiUtrial  propt-rly  Ihc  swah  \nus\.  bo  takon  from 
lilgh  up  in  tile  pharynx,  behind  th<>  Hoft  pahit^i*.  A  general  swahhmg 
of  \Ur  pliarynx  and  tliroat  is  not  suffieirnt.  The  bent  swahH  for  this 
purpose  are  made  by  the  West  tube  nu-thod.  ns  follows:  A  cotton 
swab  is  fixed  on  the  end  of  a  eopj»er  wire,  about  eighteen  centimeters 
long,  and  this  is  inserted  in  a  glaBs  tube,  bent  upward  at  the  swab 
end,  in  sueli  a  way  as  to  pernut  pusNnge  upward  behind  tl»e  sot't 
palate.  The  swab  is  placed  into  the  tube,  both  ends  plugged  with 
cotton,  and  is  so  sterilized.  For  large  scale  work  it  is  sufficient 
tu  take  eopper  wire  swnlis,  iiterilize  them  iik  u  box,  and  lieud  them 
up  carefully  with  the  finger,  being  careful  not  to  touch  the  cotton* 

just  before  use.   _Swal>)>intf  tlir :      ,  ".^1, 

but  wc  do  not  belicvr  that  it  i- .  __:..^^-- „:..,:_;,_■-       '  il)ed 

above.  The  swal)  must  l>c  taken  with  the  patiei»t  facing  the  light. 
A  tonunie  d'i>tessor  is  U8ed,  and  the  swab  inserted  so  as  to  pass 
behind  the  soft  palate.  The  copper  wire  is  then  thrust  forward 
so  that  the  swab  emerges  from  the  tube  and  touches  the  posterior 
mh\  upper  pharynjrral  wall.  Slow  motion  to  and  fro  hrimfs  the 
colton  in  eontaet  with  the  sides  of  the  upper  pliarynx.  The  swab 
In  then  iromvflintcly  passed  over  the  .surface  of  the  plate  myflinm. 
11  is  best  not  tn  carry  the  inoculated  swab  baek  to  the  laboratory, 
but  to  plate  it  dire<'tly  upon  remoNing  the  material  from  tin*  patient. 

IhiLfficfiia  employed  arc  various,  hut  for  ordinary  uso  a  ^ducosc- 
rar.   1'^^^    of  7.4   with   addition    of  1-10   defibnnated  or 


Jjcmolyzcd  human  or  rabbit *5  luood.  is  best.  Thc^j^lates  thus 
inoculate<l  hIiouIiI  be  kept  warm  and  immediately  taken  to  Jhe 
laboratory  where  ther  are  incubated.  Tlie  HriliKh  ]»refer  trypagar 
to  the  hormone  agar  as  the  busie  medium  for  such  work. 

After  eighteen  to  twenty-four  hours  incubation,  the  plates  arc 
oxamincd  and  the  colonics  saspe<»te<1  of  being  meningoeocci  arc 
fished.  This  is  nof  a  matter  whieh  eau  be  taught  by  book.  *^The 
colonies  are  of  small,  rounded  appearance,  tlie  n.'Cogiiition  of  whi<'h 
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is  a  matter  of  judgment..  Every  bacteriologist  eoiifronteJ  \vitb  the 
pfphU'm  Hliniil^l  irnmcdiatt'ly  plant  platfs  of  the  medium  which  lie 
is  yoiiig  to  use,  with  spinal  fluid  or  with  cultun?.s  recently  isolated. 
anj  faniiliarijte  himself  with  ^iio  colonies  on  this  medium,  at  various 
stages  of  gro^vtli.  Jn  spite  of  our  not  inconsitierabh'  c Kpt-rii'iin'*,  wt» 
would  do  this  oni*selves.     Plates  that  are  too  thickly  cov 


colonics  are  of  no  ase. 

On  blond  medium,  the  true  meningoeoccus  colonies  do  not  produce 
any  change  in  the  blood.  They  are  slightly  traitslueent  and  look 
somewhat  stringy.  They  are  homologous  and  slightly  glistening. 
They  are  practically  indistinguishable  from  young  colonies  of  M, 
Plavus  which  is  also  a  Gram-negative  diplocot^cus,  hut  which  is  citsily 
distinguished  subsequently  by  the  fact  tliat  it  will  gi'ow  at  and 
below  25°  C,  produces  a  yellow  pigment  on  further  cultivation,  and 
has  a  tendency  to  agglutinate  spontaneously  in  normal  horse  serum. 

Having  ringed  the  suspicious  colonies,  some  of  them  are  now 
picked  and  stained  by  <rrarn.  Our  iuilut  is  to  take  up  part  oi"  a 
colony  which  we  strongly  siusnect  of  being  meningococcus,  plant  part 
of  it  immeHiAtply,  arul  tVom  the  rest  make  the  Gram  stain,  sincfi 
plating   after   taking    material    for   Gram   stain   may    increase    th_e 

chances  for  contamination.     Thj^^  pnint    hnMNiran,  in  nnt  nf  %tnmy  gvnnt 


imnortancc^ 

The  suspicious  colonics  are  now  planted  upon  blood  agar  slanls, 
the  meHium  being  matle  up  as  for  the  plates.  These  slants  should 
not  be  used  directly  from  the  ice-box,  but  should  be  warmed.  Dried 
media  must  not  be  used. 

If  two  tubes  can  be  inoculated,  one  should  be  kept  at  room 
temperature.    Growth  in  the  incubator  for  al)out  twelve  hours  gives 
qnffiejpni  growth  for  further  identification, 
_  ^Tam  stains  ai'C  now  made  from  the  tubes. 

If  the  morphological  and  staining  properties  are  proper,  agglu« 
tination  is  carried  out. 

Diagnostic  Agglutination. — The  organisms  are  pTy^ijlMitied  in 
isotonic  salt  solution.  A|gp;lntiTintifni  ninv  be  f]one  against  type  scra^ 
or  against   polyvalent   serum.      When    large   numbers   of  cases   arc 


examined,  as  in  times  of  epidemic,  it  is  best  first  to  agglutinate 
in  polyvalent  serum,  preferflhlv  one  in  which  *^"*  ng^iiitinin  titgo 
for  a  great  many  ditferent  meningococcus  strains  has  beeii  con- 
trolled.   Asa^gencral  rule    the  pnlyvalent  sern  used  in  thiy  nnnnt^rv 


will  show  specific  agglutinations  for  practically  all  meninjgococcjy 
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ui  I  (»  too.  For  thk  rtMom  1  to  100  was  the 
dilotlon  adopted  tor  «neh  work  in  the  -Vmerion  .Vna.v  Uburatoneg, 

One-hftlf  e.e.  of  Che  bttct«nml  emnkkm  is  mixed  with  0.5  e.c.  of 
tbe  p^xraient  M^-rtiiii.  A  eootrol  of  a  auniUr  amoant  of  tbe  coltore 
mmpftmon  in  1  to  50  nomud  bone  aenun  must  always  be  mAde  to 
guard  afamts  jipontaaeoas  agiglaiituitioa.  It  is  always  well  alao, 
to  mn  a  ttihe  whh  a  known  m^ningoeoeena. 

Hinee  ii](>niogorocci  show  a  certain  amount  of  resistance  to  a|(- 
gjntination,  Gordon  lias  reeommended  the  method  in  general  use 
dnrfng  the  war,  that  is,  placing  the  tubes  in  a  water  bath  at  50" 
for  twelve  to  eighteen  hours.    Evaporation  must  be  guarded  against. 

Olitsky  has  rreomflMsded  Mving  time  by  growing  the  organisma 
in  normal  home  aenira  broth  dircetly  from  the  colonies  on  the  plate, 
discarding  all  those  that  grow  in  a  granular  form. 

We.  ournelres.  have  used  a  method  that  we  have  not  published 
beeanae  we  have  not  lud  a  ehanee  to  use  it  on  material  on  a  large 
aeale,  which  depends  upon  the  thread  reaction.  Dilutions  of  poly- 
\'alent  sera  arc  made  in  broth  tub^.  so  that  the  final  concentration 
b  I  to  100.  The  colony  is  directly  inoculated  into  this,  and  in  the 
case  of  true  meningococci  grow  in  granular  foitn.  A  similar 
Inomlation  is  made  in  control  tubes  of  1  to  50  normal  horse  serum. 
These  procedure*!  sometimes  save  time. 

Nieolle  in  F^ranec  make«  his  diagnosis  by  another  method,  in  that 
he  uscfi,  instead  of  a  dilution  of  serum,  the  serum  in  concentrated 
form,  chi^*king  it  up  with  th«'  bacterial  suspension,  and  noting  the 
speod  of  agglutination.  In  such  concent rstions  he  often  gets  rapid 
afTfflutination  of  true  mcning<x.>occi  in  the  concentrated  serum. 

After  the  preliminary  identification  has  Wen  mode,  t>'ping  of  the 
meningocococua  may  1x*  desirable  by  agglutination  against  t,vpe 
serum. 

Carriers  occasionally  will  develop  meningitis  some  time  after 
they  have  been  reeoKnizetl  as  carriers,  showing  that  the  organisms 
may  remain  in  the  nasopharynx  for  some  time,  without  penetrating, 
ii^igusecptibh'  individuala.  We  know  of  a  numlwr  of  cases  in  which 
thin  si'em«  to  have  occurred.  (Jordon  mentions  a  uumher  of  cases 
in  which  **menin(riMmuii"  developed  among  carriers,  namely,  carriers 
complained  of  aeverc  headache,  pahis  in  the  back  of  the  neck,  slight 
fcrer  up  to  102'.  and  slight  Kernig.  One  ease  he  mentions  had 
been  in  contact  for  a  few  hours  with  a  case  of  cerebro-spinal 
meningitis,  which  died  within  twenty.four  hours.     It  was  swabbed 
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and  found  to  be  negative,  A  month  later,  he  went  to  a  military 
hospital  with  the  symptoms  above  euumerated,  and  the  swab  from 
his  nasopharynx  rcvL'aied  meumgocuccutir  but  curiuiuily  not  o£  the 
same  type  as  that  oi  the  case  with  which  he  had  been  in  contact 
He  mentions  otlier  similar  cases. 

An  interesting  point  comes  up  in  regard  to  whether  or  not  the 
presence  of  meningococcus  in  the  nasopharynx  leads,  in  itself,  to  a 
catarrhal  inflammation.  Fliigge  in  the  early  days  of  meningococcus 
carrier  investigation  believed  that  tl»e  carrier  state  M*as  usually 
associated  ^ith  local  iuAammations.  Gordon,  however,  tinds  that, 
in  general,  there  was  no  nasopharyngeal  catarrli  assorialod  with  the 
carrier  state.  But  he  also  finds  that  eases  with  tonsillar  or  pharyn- 
geal inflammations  were  much  more  difficult  to  free  from  meningo- 
coccus than  otiiers.  The  same  he  says  is  true  of  convalescents,  a 
point  which  indicates  the  importance  of  bringing  the  mucous  mem- 
branes to  normal  in  connection  with  the  cure  of  carriers. 

The  question  of  how  we  are  to  deal  with  meningococcus  carriers 
in  times  of  epidemic  is  a  difficult  one.  Local  treatment  of  the  nose 
and  throat  lias  Ijcen  tried  with  antimeninKoeoccus  serum,  ^vi\]\ 
astrinyent  solutions,  and  viirions  (Hsint\Tt;ints,  without  encouratrjnp 
resujl.  Spravs  of  Diehloi-Hminc  T  and  other  clilurin  Tm-purations 
have  been  tried,  also,  in  our  opinion,  without  marked  success.  Dur- 
ing the  war  the  British  constructed  room.s  of  about  one  thousand 
cubic  feet  capacity,  along  tiic  sides  of  which  steam  pipes  were 
placed  at  about  the  height  of  a  man's  waist,  and  jets  were  fitted 
to  them  in  such  a  way  that  a  spray  of  steam  could  be  ejected.  These 
sprays  were  connected  with  bottles  containing  1  to  2  per  cent 
chloramine,  or  0.5  per  cent  sdnc  sulphate.  The  carriers  were  put 
into  these  inhaling  rooms  for  from  fifteen  to  twenty  minutes  a  da.v. 
during  which  they  inhaled  the  medicated  spray  through  their  no8> 
trila>,Ity  this  method,  they  claimed  to  clear  up  all  but  the  most 
resistant  easps  of  so-eailea  purr  mennigoeoeeus  earners.  In  peiieraj. 
it  may  he  said  that  cases  in  which  only  a  few  meniiigfteoecus  colonies 
Term  on  the  plates,  clear  up  rather  readily,  and  that  the  others 
jn  which  the  cultures  are  almost  pure  are  extremely  resistant  to  any 
jvind  of  treatment.  Our  own  impression  from  some  expcT-ienee  with 
the  various  methods  ^rould  lead  us  to  ooncludt-  that  the  best  t?-eat- 
ment  for  a  carrier  would  be  careful  attention  to  the  nasopharynx. 
with  an  attempt  to  bring  it  back  to  normal  as  far  as  the  e[>nditiou 
of  the  mucous  membrane  is  coneeTiiedt  correction  of  topsillftf,  adenoid 
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or  septum  defects,  cessation  from  smoking  or  other  habits  that 
irritate  ib'^  nyicmiQ  mf-mhrflnp,  and  mit.lnnr  l|ff>,  csm;ciallv  in  the 
Kin^liyht.  with  Hf-n  h»rhs  if  fivailable.  Speciiic  antiseptic  ticatmtint 
in  general  seems  to  us  to  have  been  a  failure  as  far  as  the  handling 
of  large  numbers  of  men  is  coiu'erncd. 

The  virulence  of  meningoeoeci  is  a  matter  that  is  vei-y  difi&cult 
to  determine  because  of  our  inability  to  produce  invasive  infections 
with  regularity  in  any  known  laboratory  animal.  So  far,  extensive 
attempts  to  determine  the  virulence  of  standardized  injections  into 
mice  have  not  succeeded.  Death  in  most  laboratory  animals  is  due 
to  the  toxic  effects  and  not  by  invasion.  This  is  a  very  unfortunate 
circumstance,  inasmuch  as  our  failure  to  be  able  to  distinguish 
between  virulent  and  non-virulent  strains  makes  it  impossible  for 
us  to  tell  a  dangerous  carrier  from  one  who  is  relatively  harmless, 
as  we  can  in  the  ease  of  diphtheria  carriers.  All  we  can  do  at  the 
present  time  ia  to  regard  as  dangerous  any  carrier  whose  meningo- 
coccus agglutinates  in  n  poly\'alent  serum.  Those  with  strains  which 
neither  agglutinate  nor  absorb  with  the  polyA'alent  serum  at  our 
disposal,  if  culturally  they  seem  to  be  true  meningococci,  must  be 
regarded  as  suspicious. 
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TTeisser.^  in  1879,  (lescrilMMl  diplorocri  whirh  ho  had  found  roj^ilarly 
in  the  purulent  t^ecretions  of  acute  coses  of  urethritis  and  vuKinitis  and 
in  the  acute  conjunctivitis  of  the  new-bom.  His  n^searches  were  purely 
morphological,  as  were  the  numerous  ccnfimi- 
atory  investigations  which  rapidly  followed  his 
announcement. 

Cidtivation  of  this  diplococrus.  now  usually 
spoken  of  as  gonococcus,  was  not  defiuitely  suc- 
ceesful  until  1885,  when  Bumm  ^  obtained  growth 
upon  tubes  of  coagidated  human  blood  senmi. 
Buiom  was  not  only  able  to  keep  the  organisms 
alive  by  transplantation  in  pure  culture^  but 
produced  the  disease  by  inoculation  of  his  cul- 
tures upon  the  healthy  urethra. 

Morphology  and  Staining. — The  gonococcus 
fa  usually  »<Mni  in  thf  diplococnis  form,  the  pairs 
being  characteristically  flattenerl  .'ilnnp;  the  sur- 
faces facing  p:ifh  nthrr.  This  gives  tlip  cocci  u 
peculiar  coffoe-ltean  or  biscuit  shape.  The  size 
of  the  diplf)ft)rms  is  ar>out  l.ft  niicra  in  the  long 
diameter,  about  0.8  micron  in  width.  Stained 
directly  in  gonorrheal  pus  from  acute  cases,  the 
microorganisn^s  are  found  both  intra-  and  extra- 

oellularly,  a  large  riumb<>r  of  them  crt)wded  characteristically  within 
the  leucocytes.  They  arc  never  found  within  the  nucleus.  The 
pha^ocyto.sis  which  pnxlucfs  this  picture  has  been  phown  byScholtz* 

'  Xrvtser,  Cent,  f,  d.  m^.l.  Wias.,  1879. 

*Bumm,  "  Rottr.  z.  Kcnntniss  t\c9  GonoQOCCva,* *  Wicabaden,  1885. 
tt»,  Arch,  f .  Derroat.,  1899. 
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and  others  to  take  plnco  in  the  free  secretions,  not  in  the  depth  of  the 
tissues.  The  intraceLlular  position,  wluch  is  of  considerable  diagnostic 
importance,  is  last  to  a  great  extent  in  secretions  from  chronic  cases. 
In  smears  made  from  pure  cultures  the  arranger  ent  in  groups  of  two 
may  often  l>e  less  marked  than  in  pus,  clusters  of  ei^ht  or  more  being 
common. 

The  gonocQccus  ia  non-niotile  and  do?s  not  form  snorf^s.  It  is  easily 
stained  with  aqueous  anilin  dyes.  Methylene-blue  alone,  or  eosin 
followed  by  methylene-blue,  give  good  results.  An  excellent  picture 
is  obtained  with  the  Pappenheitn-Saalhof  stain  consisting  of 

MctUyi  gri?en 0.15 

Pyronin    0.  6 

96  per  cent  alcohol 5.  0 

Glycerin    20.0 

2  per  cent  carbolic  acid  irater  ad 10<>.  0 

Fix;  stain  1-2  inin. 


Gram's  metho<l  of  staining,  however,  is  the  only  one  of  difyr-rrntiA.! 
value,  gonncoccus  bring  (iram  negative.  The  Clrain  stain  applied  to 
pus  from  the  male  urethra,  while  not  absolutely  reliable,  is,  for  practical 
purposes,  sufficiently  so  to  make  a  diagno.«is.  In  exudates  from  the 
vagina  or  from  the  eye  the  morphological  picture  is  not  so  reliable, 

owing  to  the  fi-equent  presence  in 
these  regions  of  other  CJran.-negative 
cocci.  The  great  scarcity  of  gono- 
cocri  in  very  chtjnic  dischargee 
necessitates  thorough  cultural  investi- 
gation ;  negative  morphological  exami- 
nation in  such  cases  can  not  be 
regarded  as  concluFive.* 

Cultivation. — The    gonoooL'cus    is 
delieato    and    >.liffieult    to    cultivate. 
Bumm*    obtaineil    his  first    growths 
bvi   ;>- -w<,N,H-or«MT»*     Smear       "1^"     human     blood     serum     wliich 
-  — -tfrrmi  purw  <iiiUiira -had  JiC^n  Jiea^  .to   partial   coagu- 
lation. 
The  me<liuin  most  ctjiimionly  used  at   the  niesent  day  was  intm- 
ducefi  by  VVertheirtK"  ;irid  consists  of  a  nnvtvire  of  two  or  tJnTp  pHtrsof 


*  Bc\v\an,  Motlieal  Record,  lft96. 
*Bumm.  Dfut.  miMl.  Woch..   1885. 

•  Wtrtkeim,  Arch.  f.  Gyniikol.,  18l»l!. 
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KeoQoUy  •  wwttum  u^^m 
vfaich  goQoioocid  after  ficst  cultmtaoo  omi  be  fDRMim  with  «m»  1\«»  b««n 
reeomDcnded  by  Edward  B.  V«dder.*  Iho  u^eiiium  voiuittti*  k^  a 
1^  to  1.75  per  cent  agar  made  with  bee(  infutioo  MUtnd  to  |UH>ni4« 
pht.halein,  and  af  ler  clearing.  1  per  crfit  uf  com  staicAk  ackk^i.  1  iw  nwn 
starch  is  beet  added  after  srintiing  with  a  little  ii4;ar  lo  a\iMd  dun  p«« 
ibm  then  being  poureii  into  the  bulk  of  th^  a^^  and  thim>U|E^  '  X 

llw  medium  should  be  sterilized  at  itoi  o\*«r  IS  Iba.  pTfrMUiv  <  ul 

changes  in  the  starch.  Recentl>'  wo  Imve  lAulatod  sevend  HlrainA  of 
gonococci  which  grew  ver>-  heavily  on  simple  media  without  ascitic 
fluid  in  the  second  culture  generation. 

The  gonocoecus  will  develop  spiirsoly  imdor  ana^nthic    condition» 


'  WtU4€Tfnann,  BerL  klin.  Wooh^j  1897. 

^Fifteen  c.c,  swino  ftorum,  35  c.c.  of  wiilw,  .1  <.c.  ul^f^t^rini  wlLh  two  ^t  tent 
nulTose.  The  nutrose  in  dissolved  hy  hoUlng  and  ihr  aoUittnn  «t«rUtind.  Tbii 
is  then  iiJded  to  agar,  in  equal  pnrts,  and  ubo>1  in  plnlva.) 

•redder.  Jonr.  Infer.  Dm.,  Mny   15,  Iftlfl.  jpfj,  386, 


550 


PATHCKiKXIC  MICROORG.O;iSMS 


but  hag  marked  preference  for  aerobioais.  The  optimum  temperature 
is  37.5    C.    Growth  ceases  above  38.5'  and  below  30^. 

Upon  suitable  media  colonies  ap^x^^r  fijj  pxtremoly  delicate,  grayiflhj 
opalescent  snots,  at  th<-  end  of  twenty-four  hour?.  The  separate  colo- 
nies do  not  tenri  to  ronfluenre  and  have  slightly  imdulate<l  margins. 
Touched  with  a  [jlatinum  lixip  their  consistency  is  found  to  be  aliniy. 
In  fluid  media,  growth  takes  plac«  chiefly  at  the  surface. 

Types  of  the  Gonococcwt. — Aa  in  the  case  of  so  many  other  nrRanisrus, 
it  has  been  found  that  the  Oram-ne(iati\'e  diplococci  which  cause  Ron- 
orrh«aI  infections  are  not  a  single  type,  hut  must  be  regarded  as  rep- 
resenting a  group,  including  many  closely  related,  but  antigenically 
differentiable  subgroups.  Such  subgrouping of  8[>wies  formerly  regarded 
&B  homogenef»us  has  been  a  very  natural  development  of  the  more 
intcfnaive  study  of  aenmi  reactions,  incident  to  diagnostic  agghitination 
and  complement  fi:<ation,  and  to  the  control  of  specific  therapy.  Torrey* 
and  Teague  and  Torrey  *"  in  H>07  showwl  that  the  gonoeoccus  gnjup  is 
not  homologous,  but  that  agglutination  and  agglutinin  alxsorption 
divide<l  this  group  into  at  le^ust  three  separate  subtypes.  Agglutinin 
absorption  seemed  to  show  more  types  than  complement  fixation,  a 
matter  which  we  ourselves  would  rather  expect  at  the  present  day 
l>ecaus(?  of  the  almost  universal  experience  that  complement  fixation 
reactions  are  not  as  strictly  specific  as  agglutination.  Torrey 's  claims 
have  been  to  some  extent  misquoted  in  the  past  ten  years,  in  that  he 
himnelf  never  supposed  that  his  ten  strains  i-epresented  the  entire  gon- 
ococcus  group.  In  1910  Watabiki  '*  made  a  similar  study  of  the  gon- 
OCOCCU6  group,  and  studying  a  limited  number  of  strains,  confirmed  the 
heterogeneous  nature  of  the  group  by  i^ferrinp  to  them  as  '* compara- 
tive but  not  distinctive  differences  between  indi\'idual  strains."  In 
1915  Ix)uise  Pearcc  **  made  a  comparison  l>etween  gonococci  isolated  from 
a4hill  males  and  from  the  vulvovaginitis  of  chililren.  She  came  to  the 
conchision  that  strains  from  th**se  two  sources  con.^tituted  fairly  defi^nite 
serologically  distinct  groups,  that  at  least  there  was  a  relative  distinc- 
tion between  the  two  types.  This,  In  view  of  the  important  sanitary 
problem  involved  in  these  infections  in  childrr»n.  would  \>e  of  great 
importance  if  confimied.     We  will   refer   to   it    again   below.    More 


'  Torrejtf  Jour.  Mc<!.  Res.,  16,  1907,  329. 
»•  Tfague  atul  Torrey,  Jour.  Med.  Rc».,  17,  1907,  223. 
"  Watabiki,  Jour.  Infw.  Din..  1910.  7,  159. 
^Prarce.  ionr.  Hrd.  Rca.,  £h  1916.  ^SS9. 
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recently,  Hennanies  *^  studied  85  gonococcus  strains  from  various 
sources,  UHing  for  cultivation  the  partial  tension  niethod  of  Wnde  W. 
Oliver.  lie  concluded  that  goaococci  fall  into  distinct  types,  with  Uttle 
relationships  to  each  other.  A^lutiiiins  producai  by  one  type  cannot 
be  absorbed  by  strains  of  other  tyf>e«,  and  hiii  85  gtndiifl  fell  into  nix 
distinct  groups.  At  the  time  of  the  present  writing.  Torrey  is  again 
working  on  the  same  subject,  since  the  conflicting  e\iden('e  of  these 
rB6eurchc8  and  earlier  work  showH  clearly  that  tlie  Bubject  cannot  be 
regarded  a»  cIorhI.  The  work  Torrey  is  doing  with  Buckell  is  not  yet 
cx)nipletcd,  and  it  woiild,  therefore,  })e  rash  to  make  a  linal  statement 
concerning  hi.s  opinion,  but,  since  he  has  devote*!  a  considerable  amount 
of  time  and  energ>'  to  this  subject,  and  since  his  bacteriological  judgment 
IB  unusually  sound,  we  quote  as  follows  from  advanced  information 
he  has  courteously  furnished  us  in  a  personal  comn  unication.  Tor- 
rej-'s  impressions  at  the  present  time  are  that  it  is  not  po^eibIe  to  demon- 
strate definite  groups,  such  as  the  three  fixed  pneumococcus  types,  or 
e\'en  groupings,  comparable  to  that  established  for  the  meningococcus 
and  diacusse4i  in  another  section.  A  study  of  50  strains  from  many 
sources  and  from  different  parts  of  the  world  by  agglutination  and 
agglutinin  absorption,  has  shown  that  there  are  certain  generalizefi 
trains  which  {X)6ses8  antigenic  properties  common  to  a  considerable 
;  of  the  "whole"  species.  On  the  other  hand,  there  are  a  large 
number  of  variants  among  recently  isolated  strains  wliich  show  no 
serological  relationship  to  one  another  as  far  as  si>ecific  agglutination  is 
concerned,  and  which  quite  often  show  some  specific  relationship  to 
one  or  more  of  the  specific  strains.  These  variants  overlap  and  show 
such  intergradations  that  it  is  not  possible  to  subdivide  them  into 
definite  groups.  It  has  also  been  noticeable  in  his  work  that  some  of  the 
original  strains  which  he  studied  as  long  as  fourteen  years  ago,  and  which 
at  that  time  seemed  to  be  unrelated  t-o  each  other,  are  now  beginning 
to  show  some  specific  relationships.  All  the  older  strains  show  greater 
relatitmsfiips  than  do  similar  gr*Kipw  of  recently  isolateil  ones.  Torrey 
has  not  been  able  to  confirm  the  contentions  of  Louise  Pearce  that  there 
is  a  recognizable  distinction  between  xidvovaginitis  strains  from  chil- 
dren and  those  from  adult  males. 

Recognition  of  the  Uonococcus. — S])eaking  of  sugar  fermentations, 
Torrey  has  come  to  the  conclusion  that,  taken  together  with  typical 
colony  fomiation.  n»ir|)hf)!ogy.  staining  inactions  and  alieence  of  growth 
on  ordinaiy  laboratory'  media,  sugar    fejrm^"*"^'""*  ^"^^  *^'^    mnat 


'*Hermanict,,  Juor.  Infec.  I>is.,  28,  1921,  1S3. 
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rolif^lllp  ninthnf|f^  of  ret-Qgnition  of  the  gonnonriMi^  Of  f)0  strains  exam- 
ined by  hiin,  all  excopt  one  femiented  glucoee,  and  none  of  them  fer- 
mented maltoise,  thus  diiTcrentiaiing  from  iLeningococcus.  The  one 
exception  was  an  old  strain,  all  the  recent  ones  fennentinp  true  to  type. 

A  gonocorcus  can,  therefore.  Ix?  recognizee!  hacteriologicaHy  hy  the 
Gram-negative  tlipkx'occiis  fonn.  the  typical  colonv  fonuation  on 
ascitic  agar,  its  failure  to  grow  on  ?iimpler  media  or  at  rrKiut  t<-iu[>erature. 
its  ability  to  split  dextrose  and  failure  to  split  maltose. 

Resistance. — Recent  cultures  of  gonococeus,  if  not  transplanted, 
usually  die  out  within  five  of  six  days  at  incubator  temperature.  At 
room  temperature  they  die  more  rapidly. 

The  resistance  of  the  gonococcus  to  light  and  heat  is  sliglit.  A  tem- 
perature of  41°  to  42°  kills  it  after  a  brief  exposure.  Complete  drying 
destroys  it  in  a  short  line.  Incompletely  dried,  however,  and  pro- 
tected from  light  (gonorrheal  pus)  it  may  live,  on  sheets  and  clothing, 
for  as  long  as  eighteen  to  twenty-four  hours.'* 

Tt  is  easily  killed  by  most  disinfectant  solutions  '^  in  high  dilution 
and  seems  to  be  almost  specifically  sensitive  to  the  various  silver  j^altSj 
a  fact  of  therapeutic  importance. 

Pathogenicity. — Oonorrheal  infection  occurs  spontaneously  only 
in  man.  True  gonorrheal  urethritis  has  never  been  expeiimentally  pro- 
duced in  animals.  In  Himian  beings,  apart  from  the  infection  in  the 
male  and  feUiule  genital  tracts,  and  in  the  conjunctiva',  the  poiujcocciis 
may  produce  cystitis,  proctitis,  and  stomatitis.  It  may  enter  the  cir- 
culation, giving  rise  to  septicemia.""'  to  endocarditis  and  arthiitis.  Iso- 
lated ca.ses  of  gtmorrheal  periostitis  and  oeteomyelitis  have  been 
reported.*' 

The  acute  infections  of  the  genito-urinary  passages  are  often  fol- 
lowed hy  prolonged!  chronic  infection,  which,  though  quiescent,  may  for 
many  years  be  a  .source  of  social  danger.  In  children,  especially  fen  ales, 
the  infection  is  not  rare,  and  may  rs  ume  epidemic  characters,  traveling 
from  bed  to  bed  in  institutiors.  Such  hospital  cpideii  ics  can  be  stopped 
only  by  the  most  rigid  isolation.  This  is  more  specifically  dealt  with 
in  the  paragraphs  on  Sanitan'  Considerations,  below. 

Wliile  inoculation  of  animals  has  never  resulted  in  active  prolifera^ 
tion  of  the  gonococcus  upon  the  new  host,  local  necrosis,  suppuration, 


**  Heiman,  Medical  B«oord,  1896. 

"  Schaeffcr  uotl  SUiniKhnevicrf  Koog.  Deut.  Oermat.  Q«seiJB.,  bicalau,  18&4. 
^'Bcvievr  of  cases  of  Oon.  &cpti(!cmia,  FaurcBeauticu,  Thesis,  Parti,  1906. 
"  Ullmann,  Wicn.  med.  PrcBse,  1900. 
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temporary  Fvstemic  reactionH  have  \^een  pmducoil  by  siibcutaii<H^us 
intrapcritonenl  inoculation.  A  toxin  hus  been  iiolat^Ht  by  Niko- 
tysen  '*  by  extraction  from  the  bacterial  bociips  with  distilled  water  or 
iBodiuni  hydrate  solutions.  It  was  found  to  l>e  re^ustant  to  u  tetnprra- 
|ture  of  120°  and  to  remain  potent  after  complete  dning.  The  same 
[ittithor  found  that  the  isolated  toxin  and  dead  cultures  were  fully  aa 
ixic  for  animals  as  li^ing  cultures,  0.01  pram  killing  a  white  nkouae. 

Specific  injun*  to  the  nervous  s>Titeni  by  injections  of  gonococctia 
ixin  has  been  reported  by  MoltwhanoflF."* 
The  secretion  of  a  true  soluble  toxin  by  the  gunnrorcus,  assertnl  by 
Christinas,-"  is  denied  by  Wassermannr*  Nikolaysen,^  and  others. 
Christmas,^  and.  more  recently,  Torr^y,^  have  reported  successful 
active  immunization  of  animals  by  repeated  injections  of  whole 
icteria.  Torrey  and  othere  apparently  have  euccx^ssfuUy  troat^ni 
hmnan  cases  by  injections  of  the  serum  of  immunized  animals. 

Antibodies  to  Qonoooccus. — Patients  infortrd  with  gonooocri 
m  to  produce  antibodies  against  the  organisms.  Altliougli  iti  the 
ordinary  gonorrheal  urcthntis,  or  vuguutis.  it  is  relatively*  simple  to  make 
the  diagnosis  by  finding  gonococci  in  the  discharges,  di:tgnasis  may  be 
difficult  in  cases  of  gonorrheal  rheumati-sm,  or  endo<';irditis.  whru 
isolation  of  the  bacteria  fails  or  when  the  coimrction  betmrn  the  luniT 
yenereal  disease  anfl  the  gonoral  contiition  is  oltscure.  \*arious  fiiTO' 
logical  diagnostic  methods  have  been  attempted,  and  of  rt^'enl  years 
the  complement-fixation  test  has  been  foimtl  to  bo  ver>'  useful.  The 
method  has  l>een  especially  developed  by  Archibald  McNeil,  at  the 
New  York  Department  of  Health.  It  consists  in  making  a  poIy\'alent 
antigen,  using  the  10  Torrey  strains  which  are  kept  in  Ktock  transplants 
on  glucose  ascitic  agar.  It  has  been  found  that  the  best  mechum  for 
antigen  production  is  an  agar  made  of  "bob  veal."  For  the  production 
of  antigen,  stock  cultures  are  transplanted  on  "bob  veal'*  agar,  without 
salt,  glucose  or  ascitic  fluid,  the  reaction  carefully  adjustevl  to  lui  acidity 
of  0.1  per  cent  to  0.2  per  cent.  Twenty-four  hour  grctwths  on  this 
medium  are  scraped  off  and  emulsified  in  neutral  sterile  distilh^i  watiT. 
The  emulsion  is  autolyzeti  one  hour  in  a  water  bath  at  50*^  and  huatod 

^S'ikolat/xm,  Cent.  f.  Bakt.,  1«07. 

''  MolUrhaHoff,  Miinrh.  meJ.  Woeh.,  1S99. 

^Chrutfnas,  Ann.  dc  I'Inst.  Pastrur,  1897. 

*•  ^0M«rmunH,  Zeit.  I.  liyg,,  jtivii,  1807. 

"^a■ofav*<''^  Fort.  d.  Med.,  xaci,  1897. 

'* Christmas,  loc  cit, 

"StOTTKy,  Jour.  Amer.  Mc^d.  Amti.,  xItI.  1906i 


554 


PATHOGENIC  MIRCOORGANKSMS 


one  hour  at  80^  C.  It  is  then  filtered  through  a  sterile  BerkcfeUl  filter. 
The  filtrate  is  aseptically  bottled  and  sterihzed  three  days  at  50°,  half  an 
hour  each  day.    It  is  then  made  isotonic  and  is  ready  for  titration. 

Vaccine  therapy  in  systemic  gonorrheal  infection  has  been  tried 
and  is  promising,  though  as  yet  unconvincing.  The  vaccine,  if  possible, 
should  be  made  with  the  organism  isolatwl  from  the  patient,  for  reasons 
described  above.  Passive  immunization  with  the  scrum  of  gonococcus- 
immune  animals  has  also  been  attempted,  but  records  on  it  at  present 
are  not  sufBcieutly  couiplcte  to  permit  definite  judgment. 


BANITAEY  CONSIDERATIONS  IN  CONNECTION  WITH 
GONOCOCCUS  INFECTION 

Of  the  three  prevalent  venereal  infections,  those  caused  by  the 
gonococcus  are  probably  the  most  common.  For  more  exliaustive 
statistical  studies  of  the  prevalence  of  tliene  diseases  the  reader  is  referred 
to  such  books  as  those  of  Pusey,  Morrow,  and  the  larger  text-books  of 
hygiene,  such  as  that  of  Rosenau.  Although  it  has  been  well  known 
that  gonorrhea  was  extremely  common,  the  astonisi  ing  prevalence 
among  young  men  of  draft  age  wa.s  levealed  during  the  late  war  when 
the  figures  of  the  Surgeon  General  ^*  show  that  about  5.6  per  cent  of 
the  men  who  came  into  the  military  service  were  infected  with  a  veneral 
disease.  Considering  that  thest*  diseases,  in  their  early  detectable  acute 
Stages,  do  not  last  ver>'  long,  that  many  cases  still  apparent  to  a  slight 
degree  rimst  surely  be  missed  in  physical  examinations  of  large  numbers 
of  men,  it  8*K'm8  to  indicate  that  the  estimate  by  many  authorities  of 
a  prevalence  of  venereal  disease  in  civilian  life  as  high  as  10  per  cent 
may  be  very  near  the  truth.  The  percentnpc  of  gonorrhea  to  other 
venereal  diseases  is  probably  pretty  well  exempUfied  by  the  percentage 
of  these  diseases  for  the  entire  army  during  1918,  during  which,  aeeord- 
ing  to  the  Surgc^on  G(^nera^«  report,  there  were  44,213  cases  of  syphilis, 
16,173  cases  of  chanomid.  and  167.475  cases  of  gonococcus  infection,  a 
total  of  227,801  cases  of  venereal  disease.  The  nitc  for  syphihs  was 
17.56  per  1000,  for  chancroid  6.42,  for  gonorrhea  66.50. 

One  of  the  great  dangers  in  connection  with  gor»orrheal  infection  has 
been  the  relative  indifference  of  the  pubhc  to  these  diseases.  In  the 
past,  there  has  been  a  remarkable  lack  of  appreciation  of  the  seriousness 
of  tlie  infection,  which  actually,  in  its  economic  and  sociological  impor- 
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tanco,  1ft  equal  tn,  if  not  more  serious,  than  ftj^ihilis.  The  Konococous  is 
primarily  inffTtiou.s  for  the  f^cnital  organs,  but  may  also  infect  the 
ej'e,  ami  in  its  secomlury  manifestations  cause  disease  of  the  prastate, 
epidydimis  and  bladiler  of  the  male,  of  the  fallopian  tub&^  and  ovaries 
of  the  female.  In  lx)lli  it  may  and  often  does  cause  sterility.  Invad- 
ing the  I)lood  Htream,  it  may  cause  endocarditis,  and  not  infrequently 
an  acute  and  subacute  arthritis  which  is  characterized  by  ita  frequent 
localization  in  sinple  joints  or  the  hurste  about  joints,  and  cause  peri- 
articular inflanimatioii.     It  may,  but  rarely  does  attack  other  organs. 

A  most  important  consideration  is  the  difficulty  of  complete  cure, 
A  male  whf)  has  contracted  gonorrhea  may  wem  to  be  completely 
cureti,  but  if  a  i>osterior  urethritis  has  occurred,  the  organisnanay 
remain  viable  and  capable  of  infecting  othera  for  a  great  many  years. 
Individuals  who,  thei*eff)re,  seem  to  have  been  cured  for  year-s,  n-ay 
etill  caiLse  infection  upon  marriage,  a  fact  which  is  the  uiost  frequent 
cause  of  g>'neco!ogir-al  lesions  in  women.  It  goes  without  saying  that 
even  the  niost  careful  l>acterioloKical  examination  of  such  indi^^duals 
may  often  fail  to  reveal  the  gonococci,  cA'cn  though  they  may  be  present. 

Infection  with  gonococcus  is  almost  invariably  by  sexual  contact, 
though  the  organism  may  remain  viable  on  wearing  apparel,  l»ed  cloth- 
ing, towels,  hands,  etc.,  for  brief  periods,  especially  if  protected  from 
light  and  drj'ing,  and  others  may  be  infected  in  this  way.  The  danger 
of  self-infection  of  eyes  by  people  who  ai*e  suffering  from  an  acute  dis- 
charge is  a  frequent  one,  and  physicians  and  nurseSj  especially,  arc  liable 
to  such  infection. 

Gonorrheal  infection  of  the  eye  is  one  of  the  most  serious  infections 
that  can  occur  in  this  organ.  Ophthahma  of  the  new  Ixim  may  be  due 
to  other  organisms,  hnt  is  almost  invariably  cjiased  by  the  gonococcus. 
It  is  acquired  by  the  child  in  the  nmrse  of  deliven',  from  the  .^lecretions 
of  the  mother,  and  if  not  attende<l  to,  may  lead  to  blindness.  The 
importance  of  this  infection  may  be  estimated  from  the  following 
figures  quoted  by  Roscnau  from  Kerr,  who  states  that  in  the  Lnitetl 
States  and  Canada  23.9  i>er  cent  of  351  admissions  to  schools  for  the 
blind  in  1910  the  blindness  was  the  result  of  gonorrheal  infection. 

Fortunately,  the  nietliod  introduced  by  Cretl*''  has,  to  a  very  large 
extent,  done  away  with  thti^  Kccident.  Cred^,  many  years  ago,  intro- 
.duce<i  the  niethod  of  in.^tilling  a  2  per  cent  silver  nitrate  solution  into 
the  c^)njunc(ivtd  sftcs  of  every  v\]\\d  ni  l>irth.  Since  his  time  other  .^ilv:er 
salts Jmvf  hr""  "1  ii-«>  the  inowt  i^jpular  ones  »t  the  pr*"-"^'^*^  *"»»  K^np 
protargol,  5percent  solution,  and  argyrol,  20  per  cent  mlntion^  which 


ji" 

■ 

1 

656  PATHOGENIC  MICROORGANISMS 

ftfft  HyyppftH  \n^r\  the  eye  at  birth.  It  is  extremely  important  that  this 
should  be  done  propeily  and  the  entire  conjunctival  sac  bathed  in  the 
filuii.  The  method  is  bo  important  that  it  is  regarded  as  a  matter  of 
veiy  serious  and  ineACUsable  omis&ion,  if,  imder  any  circumstances,  in 
dealing  with  any  cLiss  of  the  population,  the  physician  managing  a 
childbirth  fails  to  carry  out  this  measure  as  soon  as  feasible  after 
birth. 

Another  very  important  gonorrheal  problem  is  the  vulvovangitis 
which  occurs  in  children.  In  our  own  experience,  this  infection  has  oc- 
curred nost  often  in  connection  with  the  children's  wards  in  hospitals. 
The  condition  has,  however,  been  observed  in  schools  and  in  small  family 
groups  flrhere  children  were  infected  by  sleeping  in  the  same  beds  with 
adults.  In  hospitals  the  disease  may  spread  in  epidemics,  and  from 
bei  to  bed,  with  an  ease  that  is  astonishing  when  one  considers  the 
deli3it3  life  of  the  gonococcus  outside  the  body.  It  has  often  been 
extr3  isly  dilicult  to  stop  such  bed  to  bed  infection,  in  spite  of  the  most 
rigi  1  precautions.  Epidemics  are  so  difficult  to  arrest,  and  the  conse- 
queno33  for  the  child  so  grave  from  many  points  of  view,  that  it  has 
beoa  n3  the  custom  in  all  well-managed  hospitals  to  delay  the  admission 
of  fenale  children  to  the  general  children's  ward  until  vaginal  smears 
have  been  made  and  examined  for  gonococci.  It  is  in  our  opinion 
extremely  important  that  when  such  smears  are  made,  they  should  be 
taken  not  only  from  the  visible  secretion,  but  should  be  laken  from  high 
up  in  the  vagina  through  a  small  Kelly  speculum,  with  good  illumina- 
tion. When  there  is  danger  of  spread  and  a  case  has  been  inadver- 
tently admitted,  only  the  greatest  care  in  avoiding  indirect  contact  from 
bed  to  bed  can  stop  it.  As  a  matter  of  routine  in  children's  wards, 
there  shoidd  be  separate  thermometers,  unless  all  thermometers  are  ver^' 
carefully  sterilized,  thermometers  should  be  kept  in  weak  carbolic 
solutions  and  washed  with  alcohol  before  use;  the  sterilization  of  diapers 
and  towels  should  be  attended  to,  nurses  handling  cases  with  discharge 
should  wear  gloves,  and  there  should  be  no  common  use  of  towels  and 
washing  utensils.  Great  attention  should  be  given  to  the  scouring  of 
bath  tubs,  and  bed  linen,  night  clothes,  etc.,  should  be  sterilized  by 
boiling. 

Public  Health  Management  of  Venereal  DiBea868.~Duriug  the 
past  ten  years  there  has  been  a  very  wholesome  increase  of  interest  in 
venereal  disease  prevention.  There  are  certain  general  fundamental 
principles  which  apply  to  all  venereal  diseases  equally.  In  the  first 
place,  it  is  necessary  to  look  upon  venereal  infections  as  preventable 
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diaeasBe.  It  has  been  unfortunate  that  the  sanitary  and  moral  issues 
have  been  so  closely  interwoven  in  these  diseaecSr  that  it  bos  been 
impoesible  to  create  the  free  discussion  and  spread  the  information 
necessary  to  obtain  the  cooperation  of  the  public  in  these  matters. 
Without  public  education  and  cooperation,  large  scale  public  health 
results  cannot  be  acliievcd.  In  our  opinion,  one  of  the  mast  important 
factors  tliat  have  preventctl  earUer  progress  in  the  prevention  of  vtinereal 
disease  has  been  the  ignorance  of  the  public  in  regard  to  these  matters. 
It  has  been  especially  wrong  that  women  of  the  luaniageable  age  have 
been  kept  in  ignorance  about  facts  concerning  these  infections,  an 
ignorance  which  has  often  left  thein  abs<»luU'ly  at  the  rnercy  of  chance. 
Accurate  and  clear  information,  free  of  sensationalism,  will  do  more 
eventually  to  rwiuce  the  venereal  rate  than  any  other  single  factor. 

It  is  not  the  function  of  a  book  of  this  kind  to  go  into  the  very  com- 
plex problems  of  general  sex  education,  and  tlie  moral  issues  involved. 
We  will  restrict  ourselves  entirely  to  the  purely  sanitarj*  i)hases  of  the 
problem.    C'liief  among  these  are; 

1.  Diagnonis. — Education  and  knowledge  of  the  serioiisness  of  these 
infectious  should  lead  to  a  gradual  attraction  of  patients,  away  from 
quacks,  to  reliable  clinics  and  physicians.  The  development  of  diag- 
nostic cUnics  by  departments  of  health,  the  improvement  of  cUiucal 
faciUtics  in  large  cities,  and  the  better  understanding  by  physicians,  as 
a  whole,  of  the  sanitary  importance  of  these  relatively  siieple  infections, 
must  lead  to  more  accurate  diagnosis  and  proper  instruction  of  the 
patient. 

2.  Rejiortiixg  of  Venereal  Diseases, — In  a  great  many  oommunities 
at  the  present  time  gononheal  infections,  as  well  as  other  venereal 
diseases,  are  regarded,  like  other  commmucable  diseases,  as  subject  to 
report.  There  are  many  reasons  why  such  reporting  systems  will  meet 
with  objections,  and  will  for  many  years  be  unsatisfactor>'.  This, 
too,  we  believe  is  a  matter  of  education,  and  the  fact  that  it  will  fail  for 
the  present  is  no  reason  why  the  principle  should  not  be  upheld.  Event- 
ually we  believe  it  will  be  accepted  as  a  sensible  and  necessary  step. 
These  diseases  ,ire  comnmuica})le  to  others  during  certain  stages,  and 
when  they  are  regarded  primarily  as  possibilities  for  the  spread  of  tlis- 
esso  and  the  public  stress  is  not  laid  purely  on  the  n:oral  issue,  objections 
to  reporting  will  cease.  In  our  opinion  the  chief  objection  that  has 
been  raised  against  the  reporting  of  these  dise^ises  is  the  pem:anent 
record,  apparent  disgrace  and  perhaps  opportunity  for  blackmail 
which  is  opened  by  the  public  r^istratiun  of  an  individual  in  this  wa 
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When  we  consider,  on  the  other  hand,  these  dangers  as  balanced  against 
the  danger  of  the  uncontrolled  circulation  among  their  fellows  of  indi- 
viduab  capable  of  infecting  others,  there  seems  very  little  choice  in  our 
minds  between  the  two  evils.  Moreover,  we  lx»lieve  it  would  l)e  possible 
to  develop  a  system  of  reporting  whereby  the  rejwrtcd  indi\i(lual  could 
have  the  record  destroyed  when  he  could  bring  a  certificate  of  cure  from 
a  responsible  clinic  or  physician.  This,  we  believe,  would  add  a  further 
inducement  to  proper  care  and  cure.  At  any  rate,  we  believe  that  the 
prompt  report  of  cases,  following  them  up  from  municipal  health 
bureaus,  and  prompt  destruction  of  the  record  when  the  individual  has 
been  cured,  will  greatly  aid  in  this  matter. 

3.  Hospitalization. — It  will  probably  be  impossible  to  hospitalize 
all  infectious  cases  of  venereal  diseases  because,  unfortunately  from 
the  public-health  point  of  view,  these  patients  are  not  incapacitated 
during  their  most  infectious  stages.  We  are  able  to  confine  a  case  of 
smallpox  with  or  without  consent,  but  diseases  that  in  their  remote 
possibiUties  are  responsible  for  far  greater  injury  and  unhappiness,  are 
permitted  to  walk  al)out  and  follow  their  own  devices,  through  the 
course  of  their  illnesses.  The  eventual  ideal  would  consist  in  making 
physicians  responsible  for  the  isolation  of  cases  which  came  under 
their  care  and  to  hospitalize  those  who  could  not  be  taken  care  of  in 
their  own  quarters.  Hospitalization  in  separate  hospitals  would  confer 
80  great  a  stigma  that  it  would  probably  be  impossible.  It  might  also 
be  impossible  to  admit  these  cases  into  general  hospitals  in  spite  of 
special  arrangements.  We  do  not  ourselves  believe  that  compulsorj' 
hospitaUzation  could  be  enforced  at  the  present  time.  It  should  be 
looked  upon,  however,  as  an  attempt  worth  making,  as  soon  as  educa- 
tion and  general  public  cooperation  has  reached  a  point  at  which  success 
would  seem  at  least  not  totally  out  of  question.  It  is  our  opinion  that 
the  sooner  the  attitude  toward  these  diseases  is  made  one  purely  of 
sanitary  principles,  and  the  more  purely  moral  factors  are  allowed 
to  take  care  of  themselves  under  the  influence  of  increase<l  civilization 
and  sense  of  community  responsibility,  the  sooner  these  ends  may  be 
accomplished. 

While  it  is  of  course  quite  impossible  to  do  justice  to  as  funda- 
mentally important  a  problem  as  the  sanitary  control  of  venereal  dis- 
eases in  a  section  of  this  kind,  it  has  seemed  to  us  of  great  importance 
to  at  least  point  out  to  physicians  and  bacteriologists  who  may  read 
this  book,  the  enormous  responsibihty  that  falls  upon  them  whenever 
they  are  in  a  position  to  deal  with  cases  of  this  kind. 
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Prophylaxis  of  Gonorrhea. — As  practiced  in  the  United  States 
army  stations  during  the  war^**  this  consisted  in  injecting  about  10  c.c. 
of  a  2  per  cent  protargol  into  the  urethra — enough  to  thoroughly  dis- 
tend it,  with  a  glass  hand  syringe,  holding  it  there  with  the  syringe  in 
place,  for  one-half  minute.  The  procedure  is  twice  repeated.  Its 
success  depends  very  largely  upon  early  appUcation  after  intercourse. 
As  to  general  efficiency  in  regard  to  gonorrhea  we  are  not  in  a  position 
as  yet  to  submit  reliable  statistics. 


MICBOCOCGUS   CATABBHALIS 

Micrococcus  catarrhalis  is  a  diplococcus  described  first  by  R. 
Pfeiffer,^^  who  found  it  in  the  sputum  of  patients  suffering  from  catarrhal 
inflammations  of  the  upper  respiratory  tract.  It  was  subsequently 
carefully  studied  by  Ghon  and  H.  Pfeiffer.^®  According  to  these  authors 
the  pathogenic  significance  of  the  micrococcus  is  slight,  though  occasion- 
ally it  may  be  regarded  as  the  causative  factor  in  catarrhal  inflammations. 
Its  chief  claim  to  attention,  however,  lies  in  its  similarity  to  the  meningo- 
coccus and  the  gonococcus,  from  neither  of  which  it  can  be  morpholog- 
ically distinguished.  It  is  decolorized  by  Gram's  stain,  appears  often  in 
the  diplococcus  form,  and  has  a  tendency,  in  exudates,  to  be  located 
intracellularly.  Not  unlike  the  two  microorganisms  mentioned,  too, 
it  shows  but  slight  pathogenicity  for  animals. 

Dififerentiation  from  frf^nr^nnno%^a  i^  fift^mflly  nimplf  in  that  Mirm_ 


coccus  catarrhalis  grows  easily  on  simple  culture  media  and  shows^ 
none  of  the  fastidioxTs  cultural  reqmrements  of  the  i^nococf;i^R. 

From  meningococcus  the  differentiation  is  less  simple  and,  because 
of  the  presence  of  both  microorganisms  in  the  nose,  is  of  great  impor- 
tance. 

Distinction  between  the  two  is  made  entirely  upon  cultural  charac- 
teristics and  agglutination  reactions.  Culturally,  Micrococcus  catar- 
rhalis grows  more  heavily  than  meningococcus  upon  the  ordinary 
culture  media.  The  colonies  of  Micrococcus  catarrhalis  are  coarsely 
granular  and  distinctly  white  in  contradistinction  to  the  finely  granu- 
lar, grayish  meningococcus  colonies.^®    Micrococcus  catarrhalis  will 

^Bayard  Clark,  Medical  Times,  April,  1919. 
"Flugge,  "Die  Mikroorg.,''  3d  ed.,  1896. 
"Gfccrt  und  H.  Pfeiffer,  Zeit.  f.  klin.  Med.,  1902. 
"  Ghon  und  Pfeiffer,  loc.  cit. 
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develop  at  temperfttures  below  20**  C,  while  meninKococcus  will  not 
grow  at  temperatures  below  25^  C.^° 

Dunham,^*  who  has  recently  made  a  comi>arative  study  of  meningo- 
coccus and  other  Gram-negative  diplococci  from  the  nose  and  throat, 
states  that  while  some  of  the  supposed  Micrococcus  catarrhalis  ciiUuree 
are  easily  distinpiished  from  meningococcus  simply  by  the  character- 
istics of  their  growths  upon  two-per-cent  glucose  agar,  others  offer  great 
difficulties  to  differentiation.  He  recommends  as  a  differential  merliuiu 
a  mLxture  of  sheep  serum  and  bouillon  containing  1  per  cent  of  glucose. 
Upon  this  medium  all  true  meningococci  produce  acid,  but  no  coagula- 
tion, within  twenty-four  hours.  Cultures  from  the  nose  and  throat, 
however,  produce  acid  and  coagulation,  or  else  produce  an  alkaline 
reaction. 

. h . 

^Wciclucllautn,  in  KcUe  und  ITaMerwann,  Bd,  iii,  p.  289. 
"Dunham,  Jour.  Inf.  Dis.,   1907. 


CIL\PTER  XXMII 

RACTLLTS    DIPHTHERT^:,     BAClLLlTS    HOFFMANNI,    AND    BACI1XU8 

XEROSIS 

BACILLUS    DIPHTHERLS 


SiNCB  1821,  when  Bretonneau  of  Tours  published  his  observations, 
diphtheria  has  been  an  accurately  recognized  clinical  entity.  Our 
knowledge  of  the  disease  in  the  sense  of  modern  bacteriology',  however, 
begins  with  the  first  description  of  Bacillus  diphtheria?  by  I\l«>l)s  in  1SS3. 
Klebs  ^  had  observed  in  the  pseudomeinV>mnes  from  diphtheritic  throats, 
bacilli  which  in  the  light  of  more  recent  knowledge  we  can  hardly  fail 
to  recognize  as  the  true  diphtheria  organism.  His  work,  however,  was 
purely  morphological  and,  therefore,  inconclusive.  One  year  after 
this  announcement,  Loeffler  ^  isolated  and  cultivated  an  organism  which 
corresponded  in  its  morphological  characters  to  the  one  described  by 
Klehs.  He  obtained  it  from  thirteen  clinically  unquestioned  cases 
of  diphtheria,  and,  by  inoculating  it  upon  the  injured  mucous  surfaces 
of  animals,  succeeded  in  producing  lesions  which  rpKembled  closely  the 
false  membranes  of  the  human  disease.  His  failure  to  £nd  the  bacillus 
in  all  the  cases  he  examineil,  his  finding  it,  in  one  instance,  in  a  normal 
throat,  and  his  inability  to  atplain  to  his  own  satisfaction  gome  of  the 
systemic  manifestations  of  the  infection  winch  we  now  know  to  be  due 
to  the  toxin,  caused  him  to  frame  his  conclusions  in  a  tone  of  the  utmost 
conser%'atism.  The  second  and  third  pubUcations  of  Loeffler,^  however, 
and  the  inquir>'  into  the  nature  of  the  toxins  produced  by  the  bacillus, 
published  in  1888  by  Roux  and  Yersin/  eliminated  all  remaining  doubt 
as  to  the  etiological  relationship  existing  between  this  organism  and  the 
disease. 

Innumerable  observations,  both  clinical  and  bacteriological,  by  other 
workers,  have,  since  that  time,  confinned  the  early  investigations, 
and  it  is  to-day  a  scientific  necessity  to  find  the  bacillus  of  Klcbs  and 


*Kleb0,  Verb.  \\.  2.  Kongr.  f.  inn.  Mvdizin,  ^ii^sbadrn.  1883. 
^Itoeffler,  MittbetL.  a.  d.  kaiii.  Ucftundbvitsitmt,  1H84. 
'Loe^er,  Ctnt.  f.  Bakt..  lhS7  and  IfiOO. 
*SoiiJ  an.l  Yrrniit.  Ann.  de  Tinrt.  Paatenr,  18S8  and  1889. 
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v(  '^diphtheria"  ciin  protH^rLv 


. — Whilv  l^cillus  Jiplilhcria.*  prosunts 

rhich  fanhtatc  iu  rocngnition,  it  la^ 

^%  :»  %  mmber  of  uiorphologicul  variationu  with 

totw  funiliar.    These  vanation&i  are,  to  a 

tbe  age  of  the  eultun*  and  upon  the 

.nam  OB  which  it  has  }>een  ^rown.     These  factors, 

^'  A|>pHnraiice  of  tiie  organism  «-ilh  any  degree 

4<  All  ^  its  various  forms  may  occur  in  one  and 


511^- 


Via     jy.— BaCUJ-LS    DltrHTUKULK, 


■^v  vulture.    It  is  likely  that  these  dilTerent  ai>|M'4iranre,^  represent 

li^  %hv  itix»wth  and  degeneration  of  the  individual  bacilli,  Imt  there 

TO  lie  rti»y  just  n^asou  for  believinp  that,  su*  nevend  observ- 

-,1.  there  ii*  definite  correlation  between  its  microscopic 

iitKtgical  chnraet^»ristie8,  such  as  Anrulence.  toxicity,  etc. 

,  ;;n;  slt-ndiT,  stmight,  or  slightly  ctirvedrods.     In  length 

,,.:ui  \.2  micni  to  6.4  micra,  in  breadth  fmm  0.3  to  I.I.     As 

fn^iuently  when  taken  froiu  the  throat  they  are  about  4  to 

I  length.     They  are  rarely  of  uniform  thickness  ^[iro^ighniit 

- ! h,   showing   c]ul)-sh;iped   thickening  at   one  or  V>oth   ends. 

i\]y  ihey  may  be  thickest  at  the  center  and  taper  tttward  the 

s.     When  thickened  at  one  end  oidv.  a  slender  wedge-nhape 
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reaullj^.  Such  foniLS  are  usually  ytrnJLHit.  <^f  ^ynfiHer  <i?^  «t'"n  Ihpjr 
neighbors,  arid  atv  more  ofli'i)  staijiotl  with  iriLut  uiufuriiiitv.  These 
aiv  sjHjkon  of  by  Herk  ^  as  the  "ground  typo,"  and  assumed,  for  iusuf- 
ficietit  rea«)ns,  to  be  the  younR  individuals.  Branched  fonns  have  been 
described  by  some  investigators.  They  are  rare  and  probably  to  be 
regarded  as  abnormal  or  involution  forms  due  to  unfavorable  cn\iron- 
ment. 

The  organisms  stain  with  the  aqueous  anilin  dyes.  A  characteristic 
irregularity  of  staining  which  is  of  great  aid  in  diagnosis  is  best  obtained 
with  Loeffler*s  "alkalin  methylone-blue.'*  (For  preparation  see  section 
on  Staining,  p.  115.)  ^^tainetl  with  this  solution  for  tive  to  ten  minutes 
many  of  the  harilli  appear  traversed  bv  nnstninpd  tmngx-prse  bands 
which  give  them  a  striix'd  or  headed  Rp;^jir?incp.  The  longer  indi- 
viduals oftcTi  have  a  strrmtr  rc^nthlunrc  to  ghort  rliflir^a  of  strepto- 
cocci. Others  may  appear  unevenly  frmnular.  In  cultures  which  are 
about  eighteen  hours  old,  many  of  the  bnfiUi  may  show  fk^ply  stained 
oval  tx)Uies  situated  most  frequent Iv  at  the  ends.  These  arc  the  .^o- 
imllcd  "polar"  or  "Babef^-Pmsf"  hnrhotifi  Special  stains  have  been 
devised  for  the  demonstration  of  these  appearances.  One  of  these  was 
originated  hy  jSrJgs^r  7  ^hn  rlfiims  fnr  it  HifforpntiRl  vfvhie  in  diHtiiiLaiish- 

ing  these  organisms  from  pseudodiphtheria  and  xeroais  bacilli. 


ingine 


smetho<l  requires  two  solutions: 


1.  Mi-ihylrno  hUw    (Oriibler)    1  gram. 

Alcohol,  96  per  cent , 20      r.«» 

Glacial  acetic  acid , 50 

Water    !*r>0 

2.  Bisiuarck  brown 2  gi-ani». 

Water    1,000      c.r. 


The  cover-slip  preparation,  after  having  been  fixed,  is  Htaineil  witli 
solution  No.  1  for  one  to  three  seconds.  It  is  then  washed  in  water  and 
immersed  for  fiT)m  three  to  five  seconds  in  solution  No.  2.  With  this 
Htain  the  bodies  of  the  bacilli  appear  brown,  the  polar  granules  blue. 

Our  own  choice  of  a  stain  is  toluitiin  blue.     A  staining  solution  can 
be  made  up  as  follows  according  to  the  oiiginal  formula,  we  believe,  of 


'  Beck,  in  Kollc  and  WaBSprmann,  ii,  p.  773, 
•Baben,  Zeit.  f.  Hyg.,  Bil.  v.  188». 
^  NeiM-nrr,  Zeit.  f.  Hyg.,  xxiv,  1897. 


■di  Uie  same  picture 
A  dearer  contrast 
SD  aniflentlv  satis- 


-3li^^ 


ao4  veil  understocHJ.    Their 
»  M*Iqc[Ous  to  the  spores  of 
iy  mxr  stAineil,  however,  and 
ft  AKVimtb  make  this  appear 
ou  seems  to  be  that  of 
l^nmdes. 
*i|iklknm  beudlli  retain  the  ^ontian- 

.*.  \\r  innii  cultures  a  charueteristic 


V 


-  ^1.     'ihev  lie  usually  in  small 

■  iwh  other,  or  nt  fiharp  iin^\(^.^ 

I  Attached  to  each  other  by  their  cor- 

<  ^iivrrp*  to  fonn  a  "  V '"  or  *'  Y  "  shape. 

Tho   diphtheria   bacillus   is   a   non- 

v^t'omiiiiK  Jiert>be.     Its  preference  for 

CTv/'w  m  ana^roluc  environment  in  the  pre»- 

Atce^      It  does  not    liquefy  gelatin.     The 

U  »i»iy^ni»>rnr  v»i>'inK  l^etween  19^  C  and  42"  C,  the 

for  ita  de\Tlopment  being  37.0*^  C\     Tem- 

jJ^Yt  y*  «ilft^  not  entin»ly  stopping:  its  jm>wth,  impetie 

,.v      *^''v  ih**rtnal  death  point  of  this  or^^nism  is  58**  C. 
..vxvtiinic  to  Welch  and  Ahlvott.     Boiling  kills  it  in 
Ixnt  t<»m|Knitun:»8,  and  even  fn^ezing,    are  well 
^V^i^'^lH^  Mhi  e.xi>osure  to  light  are  not  so  fatal  to  this  organ- 
^^  ^««4  \4  ilx*  other  pathogi^nic  bacteria.     StemlK'rg'*  has  found 

1  jL     j^  JriiuJ  hltf  "^f  ***"  pm^udomembrane  aft«r  fourteen  weeks.     It  is 

V«(«lo(^  «t«.,  4.  Diphlh.,**  Winn.  1804. 
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easily  killed  by  chemical  clisinfcctantj^  in  the  strengths  customarily 
employed.  H2O2  seems  especially  efficacious  in  killing  the  organismfi 
rapidly. 

Cultivation. — The  diphtheria  bacillus  ^tows  readily  on  most  of 
the  richer  laboratory  media.  It  will  grow  upon  media  made  of  meat 
extract,  but  develops  more  luxuriantly  on  all  those  which  have  a  meat 
infusion  as  their  l)a.His.  While  it  will  ffrow  upon  both  acid  and  alkalin 
media,  it  is  sensitive  to  the  extremes  of  both,  the  most  favorable  reaction 
for  its  development  being  probably  about  0.5  per  cent  alkalinity  ex- 
pressed in  terms  of  N  1  NaOH.  Animal  proteins  added  to  the  media,  in 
the  fonn  of  blood  seruni,  ascitic  fluid,  or  even  whole  blood,  increase 
.greatly  the  rapidity  and  richness  of  its  growth.  Horse  serum  is  supposed 
by  some  to  be  especially  favorable,'** 

Loeffler's  Medium, — The  most  widely  used  medium  for  the  cultiva- 
tion of  this  bacillus  is  the  one  devised  by  Loeffler.    This  consists  of; 

Beef  blood  serum 3  pnrts 

One  per  rent  glucose  meat-infusion  bouiUtm 1  part 


The  mixture  is  coagulated  at  70*^  C.  in  slanted  tubes  and  steriUzed  at 
low  temperatures  by  the  fractional  metho<I.  Upon  tliis  medium  the 
diphtheria  bacillus  in  twelve  to  twenty-four  hours  develops  minute, 
grayish-white,  glistening  colonies.  These  enlarge  rapidly,  soon  out- 
stripping the  usually  accompanying  streptococci.  The  medium  seems 
to  possess  almost  selective  powers  for  the  bacillus  and,  for  this  reason, 
;^t  is  especially  valuable  for  diagnostic  purposes. 

Meat-infusion  Agar. — Upon  slightly  alkalin  raeat-infusiou  agar  the 
bacillus  develops  reachly,  though  less  so  than  cm  Ix>effler's  serum. 
Organisms  which  have  been  on  artificial  media  for  one  or  more  genera- 
tions may  grow  with  speed  anil  luxuriance  upon  this  medium.  When 
planted  directly  from  the  human  or  animal  body  upon  agar,  however, 
[growth  may  occasionally  be  slow  and  extremely  delicate.  Colonies  on 
gar  appear  witlun  twenty-four  to  tlnrty-siv  hnm^  ff^  small,  rather 
translucent,  grayish  Hp)ecka.  The  appearance  of  these  colonies  is  quite 
Characteristic  and  easily  recognized  by  the  practiced  observer.  Surface 
eolonies  arc  irregularly  round  or  oval,  showing  a  dark,  heaped-up. 
.nucleus-like  center,  fringed  about  by  a  loose,  coarsely  granular  disk. 
Tlic  edges  have  a  peculiarly  irregular,  torn  appearance  which  distin- 
guifihes  them  readily  from  the  sharply  defined  streptococcus  colonies. 


^Michel,  Cent.  f.  Bakt.,  1897. 
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For  these  reasons  agar  is  the  medium  most  commonly  nsfifl  for  piir|viQPg 

of  LSulutlUIl. 

The  addition  of  dextrose  1  per  cent,  nutrose  2  per  cent,  or  glycei-ine 
6  per  centj  renders  agar  more  favmble  for  rapid  growth,  but  unfits  it 
for  the  preservation  of  cultures,  the  organism  dying  out  more  rapidly, 

probably  because  of  acid  forma- 
tion. 

Meal-injuffion  Broth .  —  Upon 
beef  or  veal  broth  the  diphtheria 
bacillus  gn)w.s  mpidly,  ahiiost  in- 
variably forming  a  pellicle  upon 
the  surface. — another  ejcpre^fdon 
of  its  desire  for  oxygen.  The  broth 
remains  flrar.  Bn)th  tubes  with 
such  growth,  therefore,  have  a 
characteristii'  appearance. 

Meat-infusion  gelatin  is  a  favor- 
able medium  for  the  Klebs-Loeffler 
bacillus,  but  growth  takes  place 
slowly  l)ecaui?p  of  the  low  temper- 
ature at  which  tliif  medium  must 
l)e  kept.  ( Jelntin  is  not  fluidified. 
}filk  is  an  excellent  me<lium, 
may   e\'en  t)ccasionally  he  a  vehicle  nt  transmjs- 


*\^ 


« 


Fio.  60. — CoLOimw  of  DipnTnERLE 
ON'  Glycerine  Aoa». 


and  for  this  reason 


aon.     There  i»  no  congulafion  of  tl^p  milk 

Tfpofi  }iof{tii^,  H.  iliphllipti:!'  will  )rro\\  only  after  ncutrahzatJon  of  the 
acid.     It  is,  at  hpsf    )KivTvpr.  a  poor  nuhietit  modiuin. 


Upon  the  various  pcpion  solution-^  the  baei'lus  of  thphtheria  producea 
no  indoL 

Many  special  media  have  been  recommendeil  for  the  cultivation  of 
this  organism.  The  most  important  of  thase  are  the  modification  of 
Ijoeffler's  serum  de\ised  by  Beck,"  the  horse-blood-fibrin  cake  used  by 
Eschcrich,  and  Wassermann's  ascif  ic-fluid-nutrose-agar,  called  by  him 
"Nasgar."  None  of  these  has  sufficient  adv^antagcs  over  the  simpler 
media,  however,  to  make  its  substitution  desirable. 

Isolation. — Cultm-es  are  taken  I'rom  throats  upon  Locffler's  blood 
serum.  These  are  permitted  to  gi-ow  at  37.5°  C.  for  from  cighlecn  to 
twentv-four  hours.      At  the  end  of  this  time  about  5  c.c,  of  bouillon 


"Jrf.  Beck,  Kolh  und  Was^ermann;  Brit.  Mctd.  Jour. 
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arc  poured  into  the  tubos  and  the  growth  Is  gently  emulsified  in  tlie 
broth  with  a  platinum  loop.  Two  or  three  loopfuls  of  this  emulsion 
are  then  streaked  over  the  surface  of  glucose  agar,  semm  agar,  or  nutrose 
agar.  After  twenty-four  hours'  incubation  these  plates  show  charac- 
teriHfic  colonies  which  can  Ik;  easily  fished  and  again  transferred  to 
Loeffler  tubes  or  any  other  suitable  medium. 

Diagnosis. — f'ultiu'es    from    suspected    throats    are    taki^n    on 
Loeffler's  blood  serum  medium  and  incubated  at  37. 5*^  C.  for  12  to  18 


hours.  At  the  end  of  this  time  morphological  examination  by  stain- 
ing with  Loeffler's  alkalin  methylene  blue  and  by  some  polar  body  stain 
like  that  of  Neisser  is  carried  out.  Occasionally  direct  smears  from  the 
throat  may  show  the  bacilli,  but  it  is  rarely  poaeiljle  to  make  a  satis- 
factor>'  diagnosis  in  this  way. 

Williams  has  pointed  out  that  in  throat  cultures  in  which  the  diph- 
theria bacilli  are  few  in  number  it  is  of  advantage  to  inoculate  a  tul>e  of 
ascitic  broth  with  the  mixed  culture.  The  diphtheria  bacilli  vnW  appear 
in  eighteen  to  twenty-fotu'  hours  as  a  pellicle  on  the  surface.  A  por- 
tion of  this  pellicle  may  then  be  plated  on  ascitic  agar  and  isolated  in 
pure  culture  from  the  colonies.  This,  however,  is  not  necessary  for 
routine  examinations.  The  important  ix)int  is  to  take  cultur?^  »«  (^r\y 
as  possible  on  fresh  and  moist  Loeffler's  medium,  avoitling  the  dried 
tUb'^-^  ^  ofton  pii.q.spfl  fii,^^  from  old  stock  at  drug  t^tore  atationa.  It  is 
important  to  smear  fmm  the  actually  involved  areas,  examining  the 
throat  with  good  illumination,  and  to  have  the  tubes  incubated  without 
delay,  instead  of  canying  them  about  for  hours  after  inoculation. 
Such  cultures,  examined  by  an  experienced  man  should  give  positive 
diagnoses  in  almost  all  of  the  actual  cas€*s.  In  the  diagnosis  of  children  i 
and  in  carrier  work  it  is  imixirtant  to  take  nimal  aw  well  as  tliroat  cul-  ) 

Pathogenicity. — Bacillus  diphtheri©  causes  a  more  or  less  specific 
local  reaction  in  mucous  membranes,  which  results  in  the  formation  of 
the  so-C4ille<i  '^pseudo-membmnes."  When  thes^  fire  charaot<>riRficH.l1y 
pnisent,  infection  with  this  bacillus  shouM  always  l>e  i?upno('te<L  It 
should  be  remembered,  however,  that  membra!\ous  infl«mnift*^'""  '"  ^^^ 
necessarily  present  in  all  cases.  We  have  seen  positive  cultures  in  a 
considerable  number  of  people,  especially  in  relatively  insusceptible 
individuals,  in  whom  the  throat  showed  nothing  more  than  severe  con- 
gestion and  catarrhal  inflammation.  The  consequent  disease  depends, 
in  part.,  upon  the  mechanical  disturbance  caused  by  the  local  inflamma- 
tion and,  in  part,  upon  the  systemic  poisoning  with  the  toxin  which  the 
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bacilli  produce.  AllhouRh  the  diphtheria  bacillus  has  boon  found  after 
death  in  the  spleen  and  liver,  we  have  no  data  which  would  jastify  the 
assumption  th&t  a  true  diphtheria-scpticemia  may  occur  during  life. 
It  is  probable  that  in  those  cases  which  Baginsky  *^  has  called  the  eep- 
ticeniic  fomi  of  diphtheria,  bacillus  diphtheria*  has  merely  opened  a 
path  by  which  accompanying  streptococci  have  gained  access  to  the 
lymphatics  and  the  blood  stream.  The  most  frequent  sites  of  diph- 
theritic iuflaumiations  are  the  mucous  membranes  of  the  throat,  larynx, 
and  nose.  They  have  also  been  found  in  the  ear,  upon  the  mucous 
membrane  of  the  stomach  and  the  vulva,  and  upon  the  conjunctiva  and 
the  skin.  According  to  Loeffler,  Strelitz,'^  and  others,  the  bacillus  may, 
by  extension  from  the  larynx,  give  rise  to  a  true  diphtheritic  broncho- 
pneumonia. 

Thus,  the  localized  injury  due  to  the  very  violent  inflammatory 
reaction  elicited  by  the  dipthcria  bacilli  at  their  point  of  lodgment  which, 
in  the  large  majority  of  cases,  is  in  the  upper  respiratorj^  tract,  especially 
pharynx  and  tonsils,  are  the  immediftt-ely  noticeable  and  \asiblc  changes 
in  the  disease  of  human  beings.  In  attempting  to  make  a  diagnosis  of 
thcscby  inspection,  the  clinician  should  remember  that  thc4)8eudo- 
mcmbnuiou.s  inilaimnation  characterised  by  its  adherence  to  the 
aubmucosa  and  the  hlt^ding  points  it  leaves  on  being  scrapped,  Ls  not 
pathognomonic  oT  the  diphtheria  baciil!,  but  means  simply  a  very 
violent  inflanmiatory  reaction  and  that,  while  this  eondition  is  most 
commonly  causectbv  the  diphtheria  bacillis,  a  great  nmny  other  severe 
injuries  or  inflammations  may  give  rise  to  very  similar  apj)earanccH. 
Thus,  a  vent-"  severe  streptococcus  infection  of  the  tlu-oat  may  simulate  a 
diphtheritic  membrane  and  e-scharotics  or  other  chemical  or  mechanical 
injuries  may  give  rise  to  simpler  lesions.  Another  point  of  considerable 
clinical  importance  is  the  fact  that  diphtheritic  iuHammation  of  the 
throat  may  often  be  as8ociate<l  with  other  concomitant  infectious 
processes.  Streptococcus  infeclions  .^uperimposed  upon  a  local  diph- 
theria infection,  somewhat  changes  the  appearance,  both  of  the  local 
lesion  and  of  the  general  clinical  pici  ure  and  is  apt  to  lead  to  a  very  much 
greater  severity  of  the  illness.  Another  common  experience  Ls  to  find, 
at  the  site  of  the  inflammation,  an  ulcerative  process,  smears  from  which 
on  staining  with  Gram's  gential  violet  or  carbolfuchsin  will  show  a 
typical  picture  of  Vincent's  angina  with  the  fusiform  bacilli  and  the 
spirilla  characteristic  of  thib  infection.     Owing  to  a  numlx^r  of  mi»- 

**  Baginaky,  "Lehrbucl*  d.  KintlcrkmnkhciteD." 
"Sireiits,  Arch.  f.  Kintlerheilk.,  1891 
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taken  wp  have  made,  it  has  become  our  rule  whenever  we  see  a  case  of 
Vincent's  angina  to  take  cultures  on  Loeffer's  medium  as  for  diphtiieria 
diagnoais,  since  we  liavc  on  two  or  three  occasions  found  almost  pun: 
cultures  of  diphtheria  bacilli  taken  from  the  depths  of  such  anginal 
ulcers.  The  s>'steniic  symptoms  in  tliphtheria  arc  not  alwayt*  severe 
since,  as  we  shall  see,  adult<i  are  apt  to  be  partlcUy  protected  by  the 
presence  of  diphtheria  antitoxin  in  their  hlootl  and  in  consequence  their 
disease  may  be  both  locally  and  systemically  so  mild  that  diphtheria 
might  not  be  seriously  considered  on  purely  clinical  evidence. 

The  mechanical  injuiy  may  actually  lead  to  death.  This  Ls  par; 
ticularlv  due  in  the  care  of  children  in  whom  extension  downward  with 
membrane  formation  in  the  lar\'nx  may  lead  to  lar>ngeal  obstruction, 
necessitating;  tracheotomy'  or  mtertuhatiom  Wlule  layrni^eal  obstruc- 
tion  was  often  the  cause  of  death  in  children  in  former  years,  it  has 
fortunately  l^een  rendered  much  less  frequent  by  antitoxin  treatment, 
by  the  (creator  vigilance  of  doctors  and  their  abiUty  to  make  an  early 
diagnosis.  Xhc  responsibility  of  the  physician  in  this  regard  is  a  grave 
one,  since  early  diagnosis  and  consequent  antitoxin  trcatntent  is  the 
only  way  to  prevent  such  accidents. 

The  general  sjTiiptonis  of  diphtiieria  are  due  to  the  action  of  the 
toxin  absorlx**!  from  the  lesion.  These  consist  in  increased  temperature, 
rapid  pulse,  headache,  muscular  pains,  etc.  In  severe  infections  there 
may  be  erji-hematous  t-ruptions.  Death  in  diphtheria  may  occur  aa  a 
mnspqnpnce  of  secondary'  bronco-pneumonm,  but  in  uncomplicated 
cases  is  usuully  uttribulcd  to  circulatory  faihire.  According  to  experi- 
ments done  by  MacCullum  '■*  in  the  perfusion  of  the  heart  with  diph- 
theria toxin,  the  toxin  does  not  seem  to  act  directly  upon  the  heart,  in 
spite  of  the  fact  that  there  seems  to  be  definite  evidence  that  the  heart  ia 
involved  in  diphtheria.  According  to  the  same  investigator,  there  dose 
not  seem  to  be  sufficient  gross  or  microscopic  changes  in  the  hearts  of 
people  dead  of  diplitheria  to  explain  death.  It  is  MacCallum  opinion's 
that  Passier  and  Ron^berg  were  probably  right  in  stating  that  the  effect 
of  the  poison  is  "chiefly  upon  the  vasomotor  control  of  t.he  l)lood  ves- 
seET^  Injuries  to  other  organs  are  apparent  in  albuminiu*ia  due  to 
acute  interstitial  nephritis,  and  doudy  swelling  of  parenchjTiia  cells  in 
other  organs.  In  view  of  the  marked  changes  in  the  suprarenal  bodies 
in  guinea  pigs  treated  with  diphtheria  toxin,  th(»se  organs  have  been 
especially  investigated  in  diphtheria,   and  though  usually  little  or  no 


'*  MwCallum,  Textbook  of  Pathology, 
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[  "the  changes 
■  most  of  the  other  organs," 
tioQ.    This  may  have  direct 
irc.     There  is  a  marked 
upon    nen'e  tissues,  both 
•4te  ]»  poflt-diphtheritie    panvlysos  which 
teft  tet«  b»m  in^utficiently  or  not  at  all 
'Wwd^r^miire  partirtilarly  frequent  in  the 
r««^«s  mk)  Miiong  the  mmi  common  forms 
ll»9Qft  paUtr  of  the  Iniynx  and  the  ocular 
hu»<<mx  «uiy  alsD  Apt)cttr  in  other  parts  of   the 
4»  ^i^iHnU  Cttsos  where  a  sore  throat  was  not  sus- 
Vifr  paniK'sis  had  occuiTcd. 
^MHnv*^<t  tJie  {liphtlieriii  Imrillus  is  hig;hly 
^«tok  hml,  tabbils.  nnti  guinea-piKs  are  susceptible. 
wirtMl.      F»br  mrmbnines,  analogous  to  those 
,-.  kei%^  IvMi  prOihiced  in  many  animals,  but  only 
A'vii  jMrrwHled  by  meehaiiiral  injury    of  the 
',**  to  I  C.c.)  of  a  vinilent  broth  culture, 
.  ^uilw^*l-pi|?.  may  produce  the  prcatest  s>'mp- 
.:ht  houn«  the  animal  may  show  signs  of  great 
■*  u.'iually  within    thi^ly-^yx  to  seventy-two 
r  \MiWt  of  jrioculation  is  sogjrj^  and  serosan- 
U*nn^  lymph-nodes  are  etlematous.     Lungs, 
:5TV  iMng<*:*te<l.     There  may  l>e  plemitic  and 
.  .^;!K»gnoiuonic  is  a  severe  congestion    of  h<^th 
llw  eiwlric  ulccmtion  recently  described  by  Rose- 
^  occur,  but  are  by  no  means  regularly  found 

of  Virulence.— When  diphtheria  or  diphtheria-like 
^t  fr\un  the  Ihniats  of   patients  not  showing  typical 
»    »>r  front  hcnlthy  imiividuaLs    suspected  of  being 
Mtit   to  (Ictcrnn'ne  whether  these    organisms  are 
M.d  criterion  is  tlicir  virulenre  for  guinea-pigs. 
.  , ....:  ii.Hir  \vri\h  or  fi>-<-itic  broth  culture  are  mjecte(t~ 
into  rt^onnid  K^nnca-pig..    Thin  dose  will  kill  the  pig  in 
tkv»  if  the  culture  is  virulent     A  control  injection  should 


I  .i**iifrAvti,  Jour.  In/.  Di«.,  W,  1907. 
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always  be  made  into  anothor  pig  of  the  same  weight,  which  hag  reooive<l 
an  injection  of  iuili toxin  l:it  Ip-Jist  2r>()  units l  rwo)vf>.  In  ivipnty-iimr  yn>ii|j< 
previously.  Recently  Neisser  l»as  sugResteil  that  the  intracutaneous 
injection  of  the  Busjiected  bacilli  may  be  used  for  the  determination  of 
virulence.  This  lias  the  advantage  of  economy,  as  several  teste  can  be 
carried  out  on  the  same  pig.  The  method  as  appUed  by  Zingher  and 
Solet«ky  *^  has  been  to  use  the  following  modification  of  Neiaser's 
method:  Two  guinea-pigs  of  about  250  gr.  are  used  for  the  test.  The 
abdominal  wall  is  prepared  by  sha\'ing  or  plucking  out  the  hair,  A 
twenty-four-hour  pure  culture  on  Loeffler's  medium  is  emulsified  in 
20  c.c,  of  normal  salt  solution  and  0.15  c.c.  of  this  suspension  is  injected 
intracutaneously  at  a  corresponding  site  into  each  of  the  two  guinea^ 
pigs.  One  of  these  animals  Ls  given  at  the  same  time  an  intracardial 
injection  of  about  250  units  of  antitoxin,  or  preferably  is  prepared  by  an 
intrai>eritoneal  injection  of  antitoxin  twenty-four  hours  before  the  tests 
arc  made.  Six  cultures  may  be  test<?cl  in  this  way  on  two  animals. 
Virulent  strains  produce  a  definitely  circumscribed  local  infiltrated 
-lesion,  which  shows  KUj>frficinl  necmsiB  in  two  t-o  throe  days.  In  the 
control  pig  the  skin  remains  normal.  This  method,  in  the  hands  of 
['Zingher,  gives  results  parallel  to  those  obtained  with  the  subcutaneous 
tests. 

Diphtheria  Toxin.** — Animals  and  man  infected  with  B.  diph- 
"theriffi  show  evidences  of  severe  systemic  disturbances  and  even  organic 
degenerations,  while  the  microoi'ganism  itself  can  be  found  in  the  local 
lesion  only.  This  fact  led  even  the  earhest  observers  to  suspect  that, 
in  part  at  least,  the  hannfiU  results  of  such  an  infection  were  attrib- 
'Utable  tc  a  sohible  and  diffusible  poison  elaborated  by  the  bacillus. 

tactual  existence  of  such  a  poison  or  toxin  was  definitely  proved  hv 
:oux  and  Yersm  ^''  m  188^  They  demonstrated  that  broth  cultures 
,in  which  B.  diphtherire  had  been  grown  for  varying  periotls  would 
remiiin  toxic  for  guinea-pigs  after  the  organisms  tiiemselves  had  been 
removed  from  the  culture  fluid  by  filtration  through  a  Chainberland 
filter. 

Metoods  of  Pkoddction  of  Diphtheria  Toxin. — While  toxin  can 
be  produced  with  almost  all  of  the  virxilent  diphtheria  bacilli,  there  is 
great  variation  in  the  speed  and  degree  of  production,  dependent  upon 
the  strain  of  organisms  employed  and  upon  the  ingredients  and  rcac- 


"  Zinrfher  and  Solci$kif^  Jour,  Inf.  Dia.,  1916,  xrii,  64, 
»  hoefjier,  Cent.  f.  Bakt.,  1SS7. 
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tion  of  the  medhun  upon  which  they  are  grown.  Most  laboratories 
poBsesB  one  or  several  strains  of  harilli  which  are  empirically  known 
to  be  especially  potent  in  this  respect.  One  of  the  nioet  extensively 
used,  not  only  in  this  country  but  in  Europe  as  well,  is  the  strain  known 
as  "Culture  Americana,"  or  "Park-Williams  Bacillus  No.  8,"  an 
organism  isolated  by  Dr.  Anna  Williams  of  the  New  York  Department 
of  Health  in  1894.  Tliroughout  more  than  ten  years  of  cultivation 
this  bacillus  has  retained  its  great  power  of  toxin  production. 

Because  of  the  severity  of  cases  of  diphtlicria  in  which  the  diphtheria 
bacilli  were  associated  w*ith  streptococci,  many  observers  were  led  to 
beUcve  that  the  presence  of  streptococci  tended  to  increaf^  the  toxin- 
producing  power  of  B.  diphtheria?.  Kxporiment«  by  Hilbert,-**'  Theobald 
Smith,^^  and  others  seem  to  have  given  support  to  this  view. 

The  medium  most  frequently  employed  for  the  production  of  toxin 
is  a  beef-infusion  broth.  There  are  minor  differences  of  opinion  as  to 
the  most  favorable  constitution  of  this  medium  for  the  production  of 
toxin.  All  agree,  however,  in  recognizing  the  importance  of  pepton, 
without  which,  according  to  Madsen,^''  no  satLsfactorj'  toxin  ha*  yet 
been  produced.  This  i^  adderl  in  proportions  of  from  1  to  2  per  cent. 
The  presence  of  sugara  in  the  medium  is  not  desirable  in  that  it  leads  to 
acid  production;  L.  Martin^  removes  the  sugars  from  the  meat  by 
feniientation  with  yeast.  Smith  ^  accomplishes  the  same  purpose  with 
B.  ooli.  According  to  Park  and  Williames'^  however,  this  is  supex^ 
fluous,  the  quantity  of  sugar  present  in  ordinar>'  butcher's  meat  not 
being  sufficit^nt  to  exert  unfavorable  influence. 

Experience  has  shown  that  a  primarj^  alkalin  reaction  offers  the 
most  favorable  conditions  for  toxin  proiluction.  In  all  cuhures  of  B. 
diphtheria;  in  non-sugar  free  broth,  there  is,  at  first,  a  production  of 
acid  and,  while  this  continues,  there  is,  as  Spronk-*  has  shown,  little  or 
no  evidence  of  toxin  elaboration.  Park  and  Williams,^  in  an  inquiry 
into  the  question  of  reaction,  came  to  the  conclusion  that  the  best 
results  are  obtained  with  a  broth  to  which,  after  neutralization  to 


»  UUbcrt,  Zoit.  f.  n>g,,  xxix,  1898. 

«■  Smith,  Medical  Rec.,  May,  18d0. 

"Modscn^  Krnuauml  Lovaditi,  "Hftndhuch  H.  Twhnic,"  elci  ltK>7. 

"L.  Martin,  Ann,  de  rin»t,  Pasteur,  1807. 

»•  Th.  Smith,  Jour.  Kxp.  Med.,  W,  18W. 

"Part  and  rTiHionw.  Jour.  Exp.  Med«  1897. 

^Spronk.  Ann.  do  I'lust.  Pa0tcur,  1895. 
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litmiw,  N/1  NaOH  is  aHdod  in  an  amount  of  7  c,c.  to  the  liter.  In  such 
a  luetliiun  the  iarx^st  yiold  of  toxin  is  obtained  after  about  five  to  eight 
days'  growth  at  a  temperature  of  37.5°  C. 

Free  access  of  oxypen  to  the  culture  medium  during  the  growth  of 
the  organiAms  has  been  found  to  be  of  great  importance.  Roux  obtaiiunl 
this  by  passing  a  stream  of  ox>'gen  through  the  bouillon.  The  supply 
is  q\iite  sufficient  for  practical  purposes,  however,  if  the  medium  is 
distributed  in  tliin  layers  in  large-nockod  Erlenmeyer  flasks. 

Chemical  Nature  and  Physical  Propkrties  of  Diphthkria 
Toxin. — The  chemical  composition  of  diphtheria  toxin  is  not  known. 
Brieger  and  Frankel,-**  by  repeatwl  precipitation  with  alcohol,  suc- 
ceeded in  extracting  from  toxic  bouillon  a  white,  water-soluble  powder 
which  possessed  most  of  the  poisonous  properties  of  the  broth  itself. 
This,  in  solution,  gave  many  of  the  useful  pi-otein  reactionn,  but  dif- 
fered from  proteins  in  failing  to  coagulate  when  boiled  and  in  not  giving 
precipitates  when  treated  with  magnesitim  sulphate,  sodium  sulphate, 
or  nitric  acid.  It  was  believed  by  them  to  be  closely  related  lo  the 
HJbumnse^s,  bodies  representing  intermediate  phases  in  the  peptoniza- 
tion of  albumins.  Similar  results  have  been  obtained  by  Wassemiann 
and  Praskauer,^'^  Brieger  and  Boer,^**  and  others.  I'schinsky,^*  on 
the  other  hand,  has  disputed  the  protein  nature  of  toxins  in  general, 
having  produced  diphtheria  toxin  by  growing  the  organism  upon  a 
medium  entirely  free  from  albuminous  bodies.  Uachinaky  believes 
that  the  protein  reactions  observed  by  others  may  be  due  to  ingredients 
of  the  precipitates  other  than  the  toxin.  It  is  not  impossible,  however, 
that  the  organisms  may  have  produced  protein  siibstanc*«  by  s>Tithesi8 
from  the  simpler  substances  in  Uschinsky's  medium.  The  production 
of  toxin  from  such  a  medium,  therefore^  is  not  a  conclusive  argument 
against  the  protein  nature  of  toxins.  Accurate  chemical  isolation  and 
analysis  of  diphtheria  toxin  have  not  yet  been  accomplished. 

Diphtheria  toxin  is  destroyed,^^  when  in  the  fluid  form,  by  tempera- 
tures of  58^  to  60''  C.  In  the  dry  state,  it  resists  a  temperature  of  70°  C. 
and  over,  without  change.  Light  and  free  access  of  air  produce  rapid 
deterioration.    Sealed,  protected  from  light,  and  kept  at  almost  freezing 


>*  Brieger  tind  Frankel,  Berl.  Win.  Woch.,  xLjU,  1889. 
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point,  the  toxia  remains  stable  for  long  periotls.      Electrical   currents 
passed  through  toxic  broth  have  little  or  no  effect  upon  it. 

Epidemiology  of  Diphtheria.^^ — There  ia  no  disease  in  whidi 
ganitarv  control  can  accoinnlLsLi  so  much  as  in  diphtl.eiiu  because  ue 
are  funiisjird  in  ihL->  instrtnrt^  nut  only  with  accurate  iincl  sin.|jlf^  nptlndft 
of  bacteriolofrical  diagnosi.^.  of  cases  and  carriers,  but  \vf>  hax-e*  nvfi\\nh\f* 
a  specific  susceptibility  test  by  means  of  which  we  can  pick  out  the 
susceptibles  in  any  (i;Toup,  as  well  as  methods  of  prophylactic  protection 
which  allow  a  choice  between  a  si^eedy  and  a  slow  procedure,  lioth  of 
them  of  proven  value.  In  this  disease,  sanitan.'  measures  have  made 
trc:nendous  strides  and  greatly  reduced  both  morbidity  and  deatli 
rat«  since  the  introduction  of  bacteriological  methods.  Newsliolm^ 
has  studied  deutli  nites  in  diphtheria,  and  found  that  in  earher  years, 
grejit  epidemics  of  diphtheria  used  to  spread  through  the  gre<at  cities. 
There  was  such  an  epidemic  in  London  in  1874.  In  1872  he  states  that 
the  death  rate  from  diphtheria  and  croup  in  Boston  was  35  per  100,000, 
Init  in  1881,  it  was  close  to  21H  per  1(X),()00.  Epidemic  waves  seem  to 
have  recurnni  at  five-  and  ten-year  interx^als,  but  even  in  the  inter- 
»idemic  years  in  cities  generally,  the  death  rate  seems  to  have  ranged 
lywhere  from  20  to  60  per  100,000.  It  was,  and  is  alwavg  endoruic 
all  over  the  world,  is  somewhat  more  i^revalent  in  colder  rlimfltp«  nharo. 
upl)er  rcspirator>'  rntlmnmations  are  more  common,  and,  for  some 
liTiknown  rp^iNon,  has  been  rflativcly  nioro  ctMiiimin  in  ninil  \\\i\\]  jn 
urban  communities.  Quite  naturally,  the  disease  has  always  been 
particularly  a  schc>ol  tUsease  among  children.  From  studies  by  Schick,^^ 
Hahn,**®  and  others,  it  appears  that  the  ncw-bom  child  is  endowed  with  a 
certain  amount  of  diphtheria  antitoxin  by  the  mother,  probably  through 
the  placenta,  to  some  degree  perhaps  transmitted  through  the  colos- 
trum. This  relative  immunity  fades  at  the  end  of  the  first  year  of  life 
and  is  gradually  reacquired  so  that  the  most  susceptible  years  are 
between  one  and  perhaps  nine  or  t4*n  years  of  age.  In  the  army,  with 
an  age  group  ranging  from  twenty  to  thirty  years,  it  was  found,  during 
the  recent  war,  that  about  10  per  cent  of  the  personnel  was  Schick 
positive  or,  therefore,  susceptible.  For  more  accurate  susceptibility 
statistics  we  must  await  more  extensive  measurements  and  statistical 
studies  of  Schick  tests. 


"See  ZiiMtcr,  Nelson '»  LooM-LcAf  Mcdicioe,  0,  205. 
**iiew$holm,  Epidemic  Diphtboria.  Loodon,  tSdS. 
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Tlic  striking  distance  of  diphtheria  is  not  veiy  large,  but  the  orK&nisni 
is  relatively  lesistant  to  the  ordinary  influences  of  exterior  corporal 
circumstances,  and  may  live  for  considerable  lengths  of  time  in  mucus 
or  saliva  deposited  on  heating  utensils,  playthings,  iicncili},  liandker- 
chiefs,  etc.  In  dried  bits  of  membrane  the  bacilli  may  live  for  many 
weeks  as  Loefflcr  has  shown. 

Diphtheria  is  trHnsmittcd  from  one  individual  to  another  tlii-ectly 
or  iniiirectly  by  rontact  or  droplet  iufeftion^ii-s  in  roughing,  etc.  It 
has  i)een  foimd  that  individuals  may  mtfiin  virplnnr  <tiph«hf>rifl  liHvjjIi 
i^  nosp  and  thn^it  fur  long  periotLs  aiflor  r«M'Mvoiy  fr^mi  iUe*  Hiafaop 
These  are  the  .so^-alled  "diohtheiia  curriers." 

The  problem  of  diphtheria  carrierR  has  t>eoome  one  of  considerable 
im)x>rtance  and  lias  been  given  special  prominence  of  recent  years  by 
the  studies  of  Von  Seholly,  Moss,  anti  Nuttnll  and  (Iraham  Smith- 
Anderson,  Goldbcrger  and  HachteP^  studied  4,089  healthy  people  in 
the  city  of  Detroit,  and  found  that  0.928  per  cent  harbored  bacilli 
identical  morpholofricully  with  the  Klebs-Loeffler  bacillus.  This  figure 
is  rather  lower  than  those  of  some  other  investigators,  but  wouhi  indi- 
cate, OS  the  writers  stated,  that  there  were  from  5000  to  6000  diphtheria 
r«arriers  in  the  city  of  Detroit. 

Of  10  cultures  isolated  from  19  of  the  carriers,  only  2  were  virulent, 
which  would  inilicate  that  only  0.097  per  cent  of  the  people  examined 
carried  orcani.sra.s  capable  of  protlucing  disease.  An  interesting  further 
point  is  that  the  bacillus  Hoffmanni  was  present  in  at  least  41.9  per  cent 
of  over  2000  indi\-idua!s  examine<l,  and  that  47  cultures,  njorphologically 
identifie*!  as  Bacillus  ilofl'manni.  were  avirulent.  This  would  confirm 
the  impression  gained,  we  belie^'e,  by  most  experienced  laboratory 
workers  that  a  true  Iloffmanni  can  be  distinguished  with  con^idorable 
certainty  from  a  Klebs-Loefller  bacillus  by  morphological  examination 
alone,  and  that  its  significance  is  probably  that  of  a  frequently  present 
saprophyte  of  the  throat  and  phar>*nx.  The  studies  of  Goldljerger, 
Williams  and  Hachtel  also  indicate  that  in  examining  for  diphtheria 
carriers  it  is  best  not  to  confine  oneself  either  to  the  nose  or  throat,  but 
that  cultures  should  be  taken  from  both  places?  in  evcr>^  case. 

Carriers  naturally  increase  in  crowded  conmiuuities  in  the  course  of 
cold  weather,  when  nasopharyngeal  CAtarrhs  are  common,  and,  we  have 
seen  as  high  as  17  per  cent  carriers  in  a  military  unit  in  which  diphtheria 


'^  Goldberger,  Williams  and  Bachtcl,  Boll.  No,  101,  of  the  Hygienic  Ijalxtra- 
tori«s,  of  the  V.  8.  Public  HonUh  Berviw*. 
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and  olhor  iwipimt^ry  ciisea.«cs  were  pre\'alent  soon  after  they  had  to  be 
crowdofi  toRcthpr  during  Trunsutluutic  IranHporiation.  Ihe  carrier 
»t&te  in  kirrhcn  personnel  is  particularly  important,  and  attention 
nhould  he  paid  to  thew?  groups  in  a  conmuinity  wheiicA'er  the  Fcurce  of 
infection  i«  being  traoed.  Indirect  and  direct  contact  whh  caniere 
in  prohrtljly  iho  moM  connnon  method  by  which  the  diseafe  is  kept 
going  !n  mocleni  comniuniliffl!  Less  important,  though  still  cf  fcrce 
wgnificanci',  in  food  transmia^ion  and  milk  epiden  ics  have  not  Keen 
uncommon.  Also,  Uiese  will  mean  infection  of  the  cilk  by  a  n  ilk 
handler,  who  in  a  ctirrinr  or  suffering  from  a  mild  diphtheria.  How- 
ever, in  one  instance  diphtheria  bacilli  were  isolated  from  the  infan.ed 
iiddem  nf  a  vnw, 

'Vho  carrier  problem  thus  becomes  the  most  impoi-tant  epidercio- 
logiral  feature.  The  carriers  may  either  be  trmpfTar>^  or  chronic. 
ConvalpMcent  diphtheria  cases  usually  get  rid  of  their  bacilli  ppcnta- 
nooiwly  within  two,  three,  or  four  weeks.  Healthy  indi-viduals  expceed 
to  fntwm  or  carriers  aa  a  ndo  do  not  keep  their  organisms  more  than 
Hltlirr  a  few  days  or  a  few  wii'ks,  depending  perhaps  to  sou :e  extent 
upon  thi^  condition  of  the  mucous  membranes.  A  sm.all  percentage 
Itinmin  chronic  carriers  and,  in  iscdated  instance.^,  it  has  seened  n  In  est 
lmfH)Mnibte  to  free  these  indiviiluals  of  their  diphtheria  bacilU.  They 
an*,  however,  such  definite  menaces  that  prolonged  isolation  and  vigor- 
ous nttemptH  at  cure  must  be  n»ade  for  the  protection  of  the  ccm- 
munity.  In  all  such  cases,  virulence  tests  should  be  n:ade,  since  prcv- 
longed  isolation  implies  so  much  interference  with  the  life  of  the  affected 
individual  that  it  would  be  quite  improper  to  confine  a  person  unlops 
we  were  sure  thiit  the  organisms  cniTJCii  by  him  were  capable  of  trana- 
niitting  the  diseaw*. 

Many  difTeivnt  methoils  have  been  employed  for  the  freeing  of 
oarripix.  Not  a  single  one  of  thorn,  however,  has  lieen  permnnently 
nucciMMfvil.  Practically  iJl  the  ordinary  throat  antigei)tics,  fieioxide 
of  hydrogen,  iH^rmanganate  of  potassium,  iodin  and  glycerin,  weak 
fornialth»hyd,  various  hypochlorite  solution.^  have  been  useil,  sen  e  of 
them  with  iwcasional  success,  but  without  regularity  in  any  of  tl  em. 
Acriflavine  and  other  rlyes  have  been  appUeil  an*!  implantation  of 
wtaphylococci  or  some  of  the  aeidophiiic  bacteria  upon  the  threat  in  tho 
hoix"  of  driving  out  the  diphtheria  bacilli  by  battterial  coirpctiticn  l^ave 
been  tried  and  have  usually  failed.  The  spraying  of  the  throat  i^ith 
py*M'yaiiaw'  was  in  vogtie  a  few  years  ago,  but  cannot  be  said  to  have 
brought  encoumging  results.     It  is  probable  that  quite  the  most  impor- 
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'tant  thin,;  is  to  correct  pathologirnl  conditions  of  the  nose  and  throat  by 
[^le  correction  of  a  deviated  septum  or  the  rfriutval  of  tonsiLs  and  ade- 
l^oitlaj  wlienever  necessary.  Added  to  this,  sunshine^  clcanUness  and 
the  cure  of  chronic  ciitarrhal  inflammation  are  probably  more  important 
[than  any  kind  of  antiseptic  treatment. 

The  detection  of  carriers  can.  easily  be  carried  out  on  a  large  scale 
by  a  relativHy  sniall  force  of  bacteriologiHts.  It  requires  a  large  supply 
of  sterile  swabs  and  Loefiler's  medium,  and  wholesale  cultures  can  be 
taken  ou  a  group  as  large  as  entire  infantry  regimentfi  at  war  strength 
without  too  great  an  expcmliture  of  energy. 

The  prevention  of  diphtheria  for  all  tliese  reasons  falls  mto  a  very 
logical  system  of  procedure.  Wliencver  diphtheria  brcaka  out  in  a 
Bchool,  institution,  militan.-  unit^  fartoiy  unit^  etc.,  etc.,  the  first  thmg 
to  do  is  to  make  a  thorough  inspe<Mion  and  iinmediiitely  institute  pre- 
^Utiona  agamst  tl[>e  trHnsmtSKinn  of  nineuK  ^rnm  one  individual  to 
another.  Xhia  will  imply  aut)en'i.sion  of  thekitchen,  food  preparation, 
dish  waghmg,  prohil>ition  of  spittnig,  isolation  oi  mdivlduals  who  arc 
coughing  and  hawking  or  suffering  I'rom  severe  camrfhal  lnflaTnn\ATi<MV5; 
cleanliness  of  sleeping  (luarters  and  niestj  halls,  in--itK'etion  of  the  entire 
group,  and  tlie  takiii^^  of  throat  cultures;  segregation  of  those  that  show 
positive  cultures;  especially  attention  in  this  regard,  and  repeated 
tijlturinq;  of  kitchen  personnel  and  food  handlers:  Schick  reactions  upon 
the  entire  gnmp,  with  prophylactic  Jmnuiriigation  (preferably  bv  ll^e 
active  method),  of  those  with  positive  Schick  reactions;  subsequent 
attenti(m  to  chronic  carriers.  These  precautions  are  simple  and 
applical^le  with  minor  modifications  to  any  kind  of  group  in  which 
diphtheria  appears. 

Shick  Reaction. — The  stndit^s  of  Roemer  and  others  liave  shown 
that  the  blood  of  the  majority  of  normal  adults  contains  a  gmall  amoimt 
flf  dii)htheria  antitoxin.  This  normal  antitoxin  probalth^  account8"ror 
resist-ance  of  many  individuals  to  <Uphtheria.  ^ts  presence  mav  be 
ver>'  eiusily  detected  by  means  of  the  Schick  reaction.  A  standardized 
diphtlu^ria  toxin  is  diluted  in  normal  s;tline  so  that  oTl  c.c.  of  the  sotu- 
contains  'y^p  M.L.D.  for  a  piiinon-pig-  This  amount  is  injected  intra- 
_CUtanoously.     If  the  bl:>od  of  the  subject  ha.s  less  than  ^'no  unit^of 


antitoxin  per  cubic  centimeter,  a  positive  re-fiction  appears  in  twenly- 

toULlp  thirty-six  hours^  which  Con.sist>i  jn  a  alipht.  infiUr.itlon  nf  skin 
surrounded  by  a  red  areola.  1  In  2  em.  in  diRmptj^r  A  neirativp  rpapiiQn 
indicates  that  sufficient  natural  antitoxin  is  present  to  protect  t,he  indi- 
vidual against  diphtheria,  although  he  may  pcvertheless  harbor  the 
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bacilli  fls  a  carrier.  Ithasbeen  found  unneceaBan>'  to  give  prophylactic 
injections  of  antitoxin  to  individuals  with  a  negative  Schick  rt^actiop. 
park  and  Zinghcr^^  have  found  that  nepati*'e  reactions  were  obtained 
in  93  per  cent  of  the  new-l»om.  and  became  leas  frequent  up  to  the  second 
or  fifth  year,  wiien  37  per  cent  were  nepatiA'e.  In  okler  cl jl<irep  nega- 
tive reactions  were  more  frequently  met  with,  and  about  9(>  per  cent  of 
adultjj  were  negative.  A  peeudoreaction  which  appears  earlier  than 
the  true  reaction  and  which  disappears  in  twenty-four  to  forty-eight 
hours  is  occasionally  seen  in  individuals  who  have  natural  antitoxin. 
This  is  due  to  seuisitivencss  to  some  of  the  proteins  used  in  the  injection, 
and  may  be  reproduce<l  in  the  same  indii-idual  by  the  injection  of  autol- 
>'sate  of  diphtheria  bacilli  or  sometimes  by  the  injection  of  broth  media. 
Thi!  uKWt  satisfactor)'  method  for  detection  of  the  pseudoreaction  is  to 
make  a  control  injection  of  '50  M.L.D.  of  a  toxin  which  has  been 
lTca!e<!  at  80°  C.  for  ^ve  minutes.  Tliis  heating  destro>-s  the  toxin,  but 
leaves  uninjured  the  su1>stHnccs  which  produce  the  pseudoreaction. 

The  Schick  a-nction  ha^^  l>een  extensively  U9e<{  in  the  last  six  yeare, 
nspoci?dlv  nn  l;trpp  bnfli*^  nf  tnnips  nui\  on  schtx>l  children.  tfJH  has  rrfyn 
found  emincutlv  satisfacton'.  though,  of  courK>.  a>  with  rdl  ntlior  Inr^lnfr. 
ical  reactions,  exceptiontj  are  noted  and  (hfficuliit^s  f'ncoi!ntprr<r  The 
New  York  Department  of  Health  and  other  health  departments  are 
now  putting  <^nt  matiMinls  for  the  Schick  reaction  in  packets  90  arranj^eH^ 
that  the  necessarj-  toxin  is  inclose*!  in  capillary  tubes  and  can  be  blown 
out  into  n  mixed  anmunt  of  salt  polution  with  a  rubber  bulb.  A  part 
of  this  mixture  can  then  Im?  heated  to  80"^  and  an  injection  with  a  contrt>l 
done  on  the  upjwr  arm  of  subjects  as  indicated. 

Notes  on  Speafic  Therapy, — Specific  therapy  in  diphtheria  is,  of 
course,  the  main  lliinp  in  clinical  e«)ntroI.  It  must  l>e  rc*meml>ered  here 
as  in  all  other  fonns  of  specific  therapy  that  success  depends  as  much 
upon  the  time  at  which  the  diagnosis  is  made  as  it  does  upon  the  manner 
of  treatment.  Therefore,  in  speakinf^  of  specific  therapy,  it  is  impor- 
tant to  emphasize  the  necessity  for  early  dia^wwln.  It  is  in  this  par- 
ticular that  the  responsibility  of  the  physician  is  greatest,  and  every 
severe  sore  throat  in  a  child  should  be  immediately  cultured  and,  though 
not  as  imperativf  in  adults,  it  is  not  a  bad  nile  to  culture  all  throats  by 
the  LoefBAr  method.  We  have  discovered  a  numl>er  of  cases  in  that  way, 
especially  in  military  sjmitafion.  which  would  not  have  been  suspected 
clinically.    The  procedure  is  easy,  consumes  no  time  and  requires  so 

•Park  and  Zingher.  Jour.  A  .M.  A.,  05,  1915,  2S1€. 


^ 


BACILLUS  DU»H 


579 


little  skill  tliat  even  in  outh-injc  di?itricts  the  physician  can  easily  cany 
out  the  steps  himself  with  a  simple  equipment. 

In  onler  to  understand  the  practical  principles  of  diphtheria  anti- 
toxin treatment,  it  is  necessary  for  the  physician  to  remember  ciiefly 
tvro  basic  facta.  One  is  the  observation  by  Schick  and  others  that  even 
though  diphtherir.  toxin  does  not  enter  so  mpidly  into  conibinaliou 
with  the  tissues  of  the  nervous  system,  as  does  tetanus  toxin,  it,  never- 
theless* is  bound  to  some  extent  and  that  the  antitoxin  pml^hly  does 
not  reach  poison  that  is  already  combined  wtli  iL«ue  elements.  It  is 
probable  that  the  injury  once  done  is  irretrievable,  at  least  to  a  icreat 
extent,  and  that  the  antitoxin  ia  cliiefly  effective  apainst  the  cirenlatinj^ 
poison  before  such  cellular  attachment  lias  been  estabUshixl.  F,x|>eri- 
ments  of  Park  and  his  co-workers  have  shown  that  if  rabbits  are  piveii 
10  lethal  doses  of  diphtheria  toxin,  they  can  be  save<i  by  relatively 
small  doses  of  antitoxin  if  this  is  (jiven  just  before  or  with  the  wii^iin. 
As  the  time  between  injection  of  the  poison  and  the  injection  of  the 
antitoxin  grows  Inncor,  rapidly  inciviL^ing  dnst^  of  antitoxin  i\rv  neces- 
yn^'  iiiid  if  iiii  hour  or  more  tigs  elansr-<l.  no  amount  of  antitoxin  will  siwc. 
The  Fccoml  batiic  jjuint  is  thi*  one  brought  out  Ijy  the  me:i?;urfnu'n1s  of_ 
Henderson  Smith  and  others  which  slmw  that  antitoxin  sulxut-Mp^M^nsl^- 
injected.  is  but  slowly  ahsorlH^l  {inci  n^irhes  its  maxinunu  fonrontnitjon 
in  the  blrxxl  not  much  before  seventv-thre(^  hours  after  iniec-tion. 

The  flr<hirtions  fro  he  mnd'^>  from  these  considerations  are,  tjrst.  \hy\t 


jearly  diagnosis  must  be  made,  that  it  is  esspntiail  to  pnt  thp.  nTifit..vi»_ 
jn  as  early  as  possiblp.  and  that  wht^q  \\\c  injpftin|]  jw  miulp  it  is  b*^*^*?'' 
to  give  a  suihc-ient  amount  at  the  first  (|os^  tluin  to  drjlfhlp  it  n'o"p  '" 
inBiiffiripn|  f^ninimts  with  intcTvals  of  many  hours  bftwtYfl  '^"«^*^ 
These  observations  impose  upon  the  physician  great  responsibilities  of 
judgment,  since  in  cases  seen  late  in  the  disease,  with  very  severe  symp- 
toms of  intoxication,  it  may  l>e  necessary  to  resort  to  intramuscular  or 
intmvcnous  injections  of  the  antito.xin. 

The  dosage  of  antitoxin  must  var>'  acconlirig  to  s<'vcritv  of  tlu-  cfise, 
the  stage  at  which  it  is  seen,  and  the  ago  of  the  patient,  hi  severe  cases, 
10.0061o^.(X>0units  should  be  injected!  "  ' 

If  intravenous  injocTion  is  resorted  to.  precautions  against  the 
occurrence  of  anaphylaxis  must  of  coin-se  l)e  taken,  hut  in  view  of  the 
relatively  siii^ht  danger  oi  dcfith  Iroin  hoi'se  serum  injections  in  man,  the 
risk  of  anaotivlaxis  m  c^sesjn\vhich  intrnvenfius  icr^t  is  actually  imli- 
cuteil,  is  probably  much  less  than  ihe  I'l^ik  nf  HolilVH^jg  the  udroducii(m 
of  antitoxin  into  the  t)!oofl.      If  skin  tests  can  be  ilone  beforehand, 
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they  should  be  done.  They  take  ver>'  little  time  and  give  the  physician 
a  signal  of  possible  danger.  When  such  intravenous  injections  are 
actually  made  in  sensitive  subjects,  it  seems  advisable  to  dilute  the 
serum  50  per  cent  with  sterile  salt  solution,  in  order  to  render  slow 
injection  easier  so  that  the  injection  of  each  cubic  centimeter  may 
occupy  at  least  one  minute. 

Prophylactic  Immunizatimi  in  Diphtheria. — There  are  two  chief 
methods  of  prophylaxis  in  diphtheria  the  first  and  older  consists  in  inject- 
ing 500  to  1000  units  of  antitoxin  sub>cutaneously.  This  is  carried  out 
on  contacts  with  positive  Schick  reactions  whenever  speed  of  inununi- 
zation  is  desired.  It  Ls  simple  and  the  principles  underlying  it  are 
obvious,  ))ut  the  immunization  is  short-lived  and  constitutes  a  sensiti- 
zation of  the  subject  with  horse  serum  which  naturally  is  undesirable 
unler  modern  conditions. 

There  i.s  another  method  of  prophylactic  immuiuzation  which  is 
rapidly  growing  in  imjwrtance,  and  in  this  country  is  being  at  the  present 
time  very  actively  worked  u|>on  by  Park  and  his  collaborators  at  the 
New  York  Department  of  Health.  Thisjppihnfl  fj^rmistij  in  tlm  uftivp 
immunization  of  individuals  with  ovemeutralized  mixtures  of  toxin 
and  antitoxin.  The  possil»ility  of  developing  this  method  is  really 
suggciited  in  the  original  procedure  atiopted  by  the  New  York  Depart- 
ment of  Health  for  the  production  of  diphtheria  antitoxin  in  horses, 
naTiely,  the  partial  neutralization  of  the  first  toxin  injections  by  anti- 
toxin. It  was  suggested  some  years  ago  by  Theobald  Smith  that  some 
such  method  might  be  appUcable  for  prophylactic  immunization  in 
human  beings,  and  subsequently  the  method  was  developed  by  the  work 
of  Behring.'^^  Behring  made  his  first  studies  on  animals,  showing  that 
imnnmization  in  monkeySf  guinea  pigs,  asses,  etc.,  could  be  accom- 
plifihed  by  such  mixtures.  His  own  first  mixtures  were  so  balanced 
that  the  toxic  action  on  guinea  pigs  was  practically  nil.  Subsequently 
Schreiber**"  and  others  studied  the  antitoxin  production  in  human 
beings.  It  was  found  that  the  results  of  immunization  were  notici»al)!e 
in  about  two  to  three  weeks,  and  that  2  to  3  injections  of  properly  bal- 
anced mixtures  would  suffice  t«  give  a  sufficient  degree  of  immunity  to 
protect  against  ordinary  spontaneous  infection.  Park  and  Zingher^' 
originally  recnnunended  three  injections  at  intervals  of  six  to  seven  days, 

■  Behrintj,  D»ut.  ni«d.  Woch..  3»,  1»13. 
*•  Sikreiber. 

**  Park  and  ZinpHer,  Juur,  A.  M.  A.,  5,  1915j  2810;  Fork  and  Zinghvr,  Jour. 
Anier.  Pnb,  Health,  6,  19  lo,  431. 
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Gonaisting  of  1  c.c.  each  of  a  toxin-antitoxin  mixture  so  balanced  that 
there  were  about  4L-I-  doses  per  cubic  centimeter,  and  that  the  mix- 
ture contained  about  85  per  cent  of  an  L-|-  doae  i>er  unit  of  antitoxin. 
They  added  to  these  doses  a  billion  killed  diphtheria  bacilli  in  order  to 
produce  a  certain  degree  of  anti-bacterial  immunity.  With  such  treat- 
ment Schick  reactions  covdd  l>e  rendered  negative  within  a  period  of  a 
few  months.  A  few  individuals  did  not  socm  to  respond  by  the  devel- 
opment of  antitoxin  and  remained  Schick  positive. 

Recontly,  the  method  ha.^  been  much  perfected  and  it  is  being  inten- 
sively studied  by  Park  and  his  force  of  workers  at  the  present  time.  The 
mixtui-es  as  recommended  at  the  present  writing  are  such  that  each 

human  dose  of   1  c.c.  contains  at   loast  3L-f  doses  of  toxin,  so  neu- 

• , . ■ 

trahzed  wnth  antitoxin  that  5  human  doses  (5  c.c.)  injcc;ted  into  a 
guinea  pig  of  300  grams  permits  survival  for  :\t  least  fourte«"n  or  fiftf^n 
days,  but  causes  paralysis  and  detith  thereafter,  while  1  c.c.  of  the 
actual  human  dose  produced  no  ill  effects.  From  Drs.  Krumwiede  and 
Banzhof,  we  have  tne  details  of  the  .\.  V.  Htmlth  Department  require- 
ments w^hich  have  been  accepted  bj'  the  I'nitetl  States  PubUc  Health 
Department  as  standards  at  the  present  moment.  It  must  not  be 
forgotten,  however,  tliat  by  the  time  this  book  appears  slight  changes 
may  have  been  made  since  we  are  awaiting  the  pubhcation  of  recent 
studies  from  the  Department  of  Health. 

We  are  indebted  to  the  Director  of  the  Hygienic  Laboratory  of  the 
United  States  Public  Health  Service  in  Washingt<m,  Dr.  George  W. 
McCoy,  for  the  following  suggestions  issued  by  the  Public  Health 
Service.  We  include  these  matters  because  accidents  have  occurred 
of  recent  years  by  mistakes  in  the  preparation  of  the  mixtures  and  even 
deaths  have  been  recorded.  We  take  from  the  memorandum  sent  us 
by  Dr.  McC.^oy,  the  following: 

The  toxin  and  antitoxin  used  should  be  at  least  three  months  old 
from  the  <late  of  nlantiniy  and  date  of  bleeditig,  rt^sixxHivcly.  TheL-f- 
doses  have  been  found  with  reference  to  the  United  States  standard 
antitoxin.  Tho  imitage  of  the  antitoxin  to  be  used  .should  he  deter- 
mined  against  this  toxin  so  that  one  unit  of  the  antitoxin  to  be  used, 
when  mixed  with  the  L-f  (tose  of  this  toxin  should  pt'rniit  sur\MvaI  for 
^jnety-six  hours  of  25  per  cent  of  the  p;uinea  pius  injected.  When  a 
tentative  mixture  of  the  product  has  been  made,  no  further  toxin  shall 
be  added.  Changes  made  should  consist  not  in  the  addition  of  toxin, 
but  in  the  reduction  of  toxicity  by  the  addition  of  antitoxin,  if  necessary. 
Approximately  one  unit  of  antitoxin  is,  therefore,  added  to  start  with, 
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for  each  L-f  dose  in  the  bulk  toxin,  and  with  each  addition  of  antitoxin 
to  the  mixture  in  bulk,  it  slmll  l>e  immediately  thoi*oughly  shaken  for 
twenty  minutes.  After  each  addition  to  the  mixture,  or  after  the 
original  mixing,  the  preparation  should  stand  at  least  twenty-four  hours 
in  order  to  allow^  couibinution  to  take  r.Iacc  before  test^  on  guinea  piga 
are  made.  Six  guinea  pigs  are  then  injected  receiving,  respectively, 
9.1.  0.2,  0.5.  LO^  2.0,  and  5.0  c.c.  If  all  six  giunca  pigs  die  in  seventy- 
two  houi-s,  add  0.1  the  fonner  antitoxin  used,  mix  and  retest.  Continue 
this  until  the  5  c.c.  pig  Rurvives  ninety-abc  houib  and  at  this  point  the 
mixture  is  probably  ready  for  filtering.  After  filtering,  the  mixture  is 
preserved  until  at  least  one-half  of  the  5  c.c.  guinea  pigs  on  each  bulk 
bottle  survive  ten  days,  but  show  definite  diphtheritic  paralysis  there- 
after. The  human  dose  is  1.  c.c,  and  three  doses  a  week  apart  are 
usually  given. 

Bacteria  Similar  to  Bacillus  Diphtheria, — Bacillus  IIOFFiiANXi 
{Pseutiodiphthtrifi  haeiliuH}.-  Hoffmami-Wellenhoff,'*^  in  1888,  and,  at 
almost  the  i>i\me  time,  Loeffler,^^  d<'scribed  bacilli  which  tliey  had  culti- 
vated from  the  throats  of  normal  persons  and  in  several  instances  from 
those  of  diphtheritic  iKTHons,  which  were  in  many  ret^pects  idniilar  to 
true  B.  diphtheria,  but  differed  from  this  cliiefly  in  being  non-pathogenic 
for  guinea-pigs.  These  organisms  were  at  first  regarde<i  by  some 
observers  as  merely  attenuated  diphtheria  bacilli.  More  recent  inves- 
tigations, however,  prove  tliem  to  be  unquestionably  a  separate  species, 
easily  different iable  by  proper  methods.  Tht^-  differ  from  B.  diph- 
therite  in  so  many  imix>rtant  features,  moreover,  that  the  t^nn  *'p6eu- 
dodiphthcria  bacillus'*  is  hardly  an  appropriate  one  for  them. 

Morphoiogxj, — Bacillus  Hoffmanni  is  shorter  and  thicker  than  Bacillus 
diphtheria.  It  is  usually  straight  and  slightly  clul^bed  iit  one  end- 
rarely  at  both.  Stained  with  I^X'tHiTs  blue  it  oeca.sioimlly  .^howa 
unstained  transversa'  luinds:  unlike  B.  dii)hthrriff.  however,  thcst*  Vtands 
hardly  ever  exceed  one  or  two  in  number  at  most.  In  many  eultures 
the  single  trany\-erse  hand  gives  the  bacillus  a  dif>lococcoid  appearance. 

S/zr/n/yiy.— Si  ained  by  Neiaser'tt  or  Ro<ix's  method,  no  polar  lK)dies 
ran  be  denionstmted.  The  bacillus  forme  no  spores,  is  non-motile, 
and  possess(»s  no  (lagella. 

CuUivniion. — On  the  usuAl  culture  metUa  B.  Hoffmanni  grows  more 
luxuriantly  than  B.  chphtheria*,  developing  even  in  first  isolations  from 


'^  Hoffmann-Wetienhofft  Wien.  rued. 
*'Loff}Jcr,  tViit,  f.  Bakl.,  ii,  1S87. 


Woch.,  iii,  1888. 


BACILLUS  DIPHTUEKLE 


583 


the  huraan  body  upon  the  simple  moat^xtract  media,  f^  <^gfly  p^'^tfgi 
ity  colo!ii<'8  are  larptir^  less  transparent,  and  whitej  than  are  those  of 
tnie  diphthrria  baeilli.  In  fluid  inedia  there  Is  even  clouding  and  Icga 
teTKU'iiey  to  the  foiniation  of  a  pt^Uicle  than  with  K  flip^^i^priie  A 
]Maaitivo  nif^an^  nf  distinction  iK'tween  the  two  is  given  by  the  inabiUty 
of  R  Hnffrnnnni  tn  (nxm  tieid  UDon  varjons  sugar  media!  The  differ- 
entiation  on  a  basis  of  acid  formation  was  first  attempted  by  Cobbett"*^ 
and  has  been  recently  workeii  out  systematically  by  Knapp,^^  and  con- 


.i^:  - 


Pio.  61. — Baciixds  Hoffmanni. 


Fio.  62. — Colonies  of  Bacilu 
HomiASNi  ON  Agar. 


firmed  by  various  observers.*'''  The  results  of  this  work,  carried  out 
with  the  serum-water  media  of  Hiss,  to  which  various  sugars  were  added, 
show  that  B.  HoffiDanni  forms  acid  upon  none  of  the  sugars  used,  while 
B.  diphtheriiE  acidifies  and  coagulates  media  contmning  monosaccharide 
and  several  of  the  more  complex  sugars,  as  given  in  the  diagram  in  the 
section  following,  dealing  with  B.  xerosis. 

DifTerentiiLtion  can  finally  be  made  on  the  bayis  of  animal  patho- 
genicity^ B.  Hoftnmnni  being  entirely  innocuous  to  the  ordinary  labora- 


«C'ob6tf»,  Cent  f.  Bakt,  189S. 

*»  Kr.npp^  Jour.  Med.  Kes.,  vii,  100  Ju 

**  Graham  Smith,  Jour  of  Hjg.,  ^i,  1906;  Zin$$^,  Jour.  Med.  Bea,,  xvii,  1907. 
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tory  aniinals.     B,  HoJfmaniii  forms  no  toxins,  and  aiiinmlfi  immunized 
with  it  do  not  possesB  increased  resistance  to  B.  dipblherise. 

Bacillus  Xerosis. — In  1884,  Kutfichert  and  Neisser  *^  described  a 
bacillus,  isolated  from  the  eyes  of  patients  suffering  from  a  form  of 
chronic  conjunctivitis  known  as  xerosis.  This  bacillus,  which,  morpho- 
logically, is  almost  identical  with  B.  diphtheria,  they  believed  to  be  the 
etiological  factor  of  the  disease.  The  frequency  with  which  it  has  been 
isolated  from  normal  eyes,  precludes  this  etiological  relationship,  and 
it  may  safely  be  regarded  as  a  harmless  parasite  which  may  indeed  be 
more  abundant  in  the  shghtly  inflamed  than  in  the  normal  conjunctiva. 
Morphology. — B.  xerosis  resembles  B.  diphtheriae  closely.  It  is 
occasionally  shorter  than  this,  but  on  the  whole  no  absolute  morpho- 
__  ^^^^     logical    differentiation   between    the 

^Pf^     T^  y  4-  fc      ^^^^     ^^^  ^  possible.     It  forms  no  spores 

and  is  non-motile.    Pplar  bodies  may 
occasjionallv  be  seen. 

Cultimtion. — On  Loefflifs  blood 
serum,  on  agar,  glycerin  agar,  and  in 
broth,  its  growth  is  very  similar  to 
that  of  B.  diphtheriffi,  but  more  del- 
icate throughout.  It  cannot  easily 
be  cultivated  upon  the  siniple  nioat- 
cxtract  media,  nor  will  it  grow  on 
gelatin  at  room  temperature.  Its 
colonics  on  glycerin  or  glucose  agar  are  microscopically  identical  with 
those  of  B.  (hi)hthcrite. 

DifferetUialion, — It  differs  from  B.  diphtheria  distinctly  in  its  acidi- 
fying action  on  nugar  njodia.  These  relations  were  first  worked  out  by 
Knapp  for  various  sugars  and  the  alcohol  mannit,  and  have  been  exten- 
sively oonfiiTued  by  others.    See  table  on  page  585. 

A  reference  to  the  tttl>lc  shows  that  diffei'entiation  may  be  made 
by  the  use  of  two  sugars — saccharose  and  dextrin.  B.  dinhtheriffi 
forms  acid  from  dextrin,  not  from  saccharose;  B.  xerosis  from  saccha- 
rowe,  not  from  dextrin;  B.  Hoffnmnni  docs  not  form  acid  from  either. 
B.  xerosis  is  non-piithogenic  to  animals  and  forms  no  toxin. 
The  Diphtheroid  Bacilli. — In  addition  to  the  bacteria  mentioned 
above,  there  is  a  large  group  of  microorganisms  spoken  of  as  the  diph- 
theroid bacilli,  largely  Ijccause  of  their  morphological  resemblance  to 
the  diphtheria  bacillus.    For  this  group,  Lehman  and  Neumann  have 


Fia.  63.— Bacu-^.. 
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^suggested  the  terra  conjn^hacierium.  The  chftrftcteristics  of  this  group 
are  a  morphological  Hiiiiilarity  to  the  diplitheria  bacillus,  that  they  are 
Grain-positive,  non-motile^  often  show  metachromatic  granules  and 
have  no  spores.  It  is  not,  at  the  present  writing,  possible  to  formulate 
a  classifiL'Uiion  of  these  orKanisms.  They  are  apparently  ver\'  numer- 
ous aud  have  been  isolated  from  a  great  many  different  sources,  both 
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in  connection  with  the  human  body  and  in  nature.  Recently  Bunting 
and  Yates  have  claimed  that  an  organism  of  this  group  has  etiological 
connection  with  Hoflgkin's  disease.  Stuthes  by  many  other  workers, 
notably  by  Bloomfield  and  Fox,  and  studies  going  on  in  our  own  labora- 
tory show  that  organisms  very  similar  to  these  strains  can  be  isolated 
from  the  skin,  from  the  lymph  nodes  of  healthy  and  diseased  people, 
from  av<?citic  t^uid  in  vamng  conditions,  and  from  supposedly  sterile 
tissues.  They  are  frequently  present  in  the  nasal  mucus  and  in  the 
■ihroat,  and  are  so  ubiquitous  that  any  association  of  them  with  specific 
disease  must  Ix*  very  conservatively  approached.  According  to  the 
investigations  of  many  men  who  have  studied  the  flora  of  the  naso- 
pharynx, it  seems  that  organisms  belonging  to  the  general  group  of 
diphtheroid  bacilli  arc  the  most  common  saprophytes  habitually  present 
in  this  part  of  the  nonnal  human  body. 

Very  similar  to  this  group  are  the  bacilli  of  paeudo-tuheradosis  ons, 
isolated  from  necrotic  lesions  in  the  kidneys  of  sheep  by  Preisz  and 
Nocard. 

It  is  impossible  at  present  to  do  more  than  indicate  that  the  '^  diph- 
theroid l)acilU"  ai*c  a  large  heterogeneous  group,  held  together  by 
morphological  and  superficial  cultural  similarity  and  largely  consisting 
of  saprophytes  and  prol)ably  harmless  parasites  on  the  human  and 
animal  body. 

Recently,  Mallory  and  Frederic  Parker  have  isolated  diphtheroid 
bacilH  from  middle  ear  lesions  secondaiy  to  scarlet  fever  which  seem  to 
deserve  more  than  ordinar>'  attention  because  of  their  apparent  produc- 
tion of  a  powerful  toxic  sul>stance.  These  organisms  are  now  being 
studied  in  our  laboratory  by  Dr.  Parker. 


CHAPTER    XXIX 

THE  TrBEUC'LE  BACILLUS 


Is  view  of  the  clinical  mnnifcstations  of  tuberculosis,  it  is  not  sur- 
prising that  the  infectious  nature  of  the  disease  has  been  suspected  for 
many  centuries.  Even  Fnicastor  had  remarkably  modem  ideas  con- 
cernini;  its  tran.smis.«ion.  Inoculation  by  means  of  tuberculous  material 
was  first  successfully  uccomplishctl  by  Klencke,  in  1843,  and,  more  elabo- 
rately, by  Villemin,^  in  1865.  It  was  not  until  1882,  however,  that 
Koch  ^  succoedrrl  in  isolating  and  cultivating  the  tubercle  bacillus. 
Baumgarten'*  had  previously  seen  the  bacillus  in  tissue  sections,  but  his 
researches  were  limileti  to  purely  morplioloKicnl  obser\*ations.  Koch, 
in  addition  to  demonstratinfs  the  bacillus  in  tuberculous  tissues  from 
various  sources,  produced  characteristic  lesions  in  puinca-piRs  and  other 
animals  by  infectinii  them  with  pure  cultures,  and  established  beyond 
doubt  the  ctiolo(iicul  relationship  of  the  bacillus  to  the  disease. 

Morphology. — Tubcido  bacilli  ai>prar  as  slender  rods,  2  to  4  niicra 
in  lent:th,  0.2  to  0.5  niicra  in  width.  Then'  en<lri  are  usual Iv  roundoJ. 
The  rods  may  be  straijght  or  slightlv  curvcil;  their  diameters  may  l)e 
unifonn  thruuLdi<^ut ;  w^nrv  oftrn^  however,  they  amx'ar  beaded  and 
irregularlv  slaincil.  The  beaded  api)earance  is  due  to  difTerent  cnuses. 
Unstained  spaces  [nay  ciceur  alon^  the  body  of  the  bacillus,  esjieeially 
in  old  cultures.  The.*?*.*  are  generally  re^rded  as  vacuoles.  The  bodies 
of  the  bacilh,  on  the  other  haml,  may  bulfie  slijrhtly  here  and  there,  often 
in  three  or  four  places,  showing  oval  or  roMnde<l  knobs  which  Ptaln  with 
great  depth  and  are  very  resistant  to  ilecolorization.  These  thickenings 
were  formerly  regarded  a^  spores,  but  in  view  of  the  fact  that  tlic  bacilli 
are  not  mon^  resistant  figainst  heat  and  disinfectants  than  other  vegeta- 
tive forms,  this  interpretation  is  probably  incorrect.  The  bacilli  arc 
said  to  po8=^e8s  a  cell  membrnne  which  confers  upr'n  them  their  resistance 


^raiemin,  OftK.  hcbdom.,   1865. 
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against  dmnij  nnd  entrance  of  Stains.  This  mcnibrajie  ijfivcs  a  cc'lluloso 
reaction  and  Ls  JK-Iievcd  to  omitAJn  n^ost.  nf  tho  wMvy  >i|^liKi.M!UM>.s  wliidi 
Qftn  be  extracted  from  the  cultures. 

Various  obscrvcrH,  notal)ly  Nocard  and  Roux,*  Mafucci,^  and  Klein,* 
have  demoa-^trated  branched  forms  of  the  tubercle  bacillus.  These 
observations,  variously  extendetl  and  confirmed,  make  it  probable  that 
Bacillus  tuberculosis  is  not  a  uiGUil>er  of  the  family  of  scliizouiycetea, 
but  iK'lonjcs  rather  to  the  higher  buctcria.  clopcly  rolatod  to  the  actino- 

Staining. — Tubercle  bacilli  do  not  stain  easily  witli  thi*  urdiuary 
anilin  dye-i;  to  the^e  they  aro  made  permeable  only  by  lone:  exixjauiv 
or  by  beatinv;  of  the  stainin;^  solution.  Ouoe  stained,  however,  the  dye 
is  tenaciously  retained  in  spite  of  treatment  with  alcohol  and  strong 
acids.  Kor  thiw  reason,  tliis  bacillus,  together  with  some  other  bacteria 
to  be  mentioneil  later,  is  spoken  of  as  "acid-faat."  The  acid-fast  nature 
of  the  bacillus  seems  to  depend  upon  the  fat*y  sulisianees  contained  in 
it,"  and  has  furuLsheil  the  basis  for  <lifferential  ij^taining;  methods.  AU 
the  staining  nietho<is  devised  fur  the  recognition  of  the  tul>erele  baeiUua 
thus  depend  upon  the  use  of  an  intensely  penetrating  staining  solution, 
followed  by  vigorou.s  decolorizution  which  deprives  all  but  the  acid-fai*t 
group  of  their  color.  Counterstains  of  any  of  the  weaker  dyes  may 
then  l)e  use'.l  to  stain  the  deroloriw^d  elements.  One  of  the  first  of  the 
staining  solutions  to  be  of  practical  use  was  the  anilin-water-geiilian- 
violet  solution  of  Ehrlich  *  (11  ex.  saturated  alcoholic  gentian-violet 
t/)  89  c.c.  5  per  cent  anihn  water^.  This  dye.  although  of  sufficient 
penetrating  power,  ha.s  the  dLsuilvnntage  of  deteriorating  rapidly  and 
has  in  practice  lieen  almost  entirely  dLsplaced  by  ZiehPs  **  carbol-fuchsin 
solution.  fFuchsin  I  gm.  in  It)  c.c.  alcohol  al)solute,  added  to  \){)  c.c. 
5  per  cent  carbolic.)  This  staining  solution  is  the  one  now  in  general 
use  and  is  employed  as  follows:  Thin  smears,  on  sUdes  or  cover-slips, 
are  covered  with  the  dye  and  gently  heated.  In  the  case  of  cover-glasses 
these  may  bo  floated,  face  downward,  in  staining  dishes  filled  with  the 
dye.  The  dye  is  allowed  to  act  for  about  three  minutes,  steaming  but  not 
allowed  to  l>oi!.     At  the  end  of  this  time  the  preparation  is  washed 


•Notard  ot  Hour,  Ann.  i!e  V'tnM,  PnnUmr,  1887, 
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either  with  5  por  nent  nitric  acid,  5  to  20  per  cent  sulphuric  acid,  or  1 
per  cent  hydrochloric  acid,  until  most  of  the  red  color  has  disappeared 
(a  few  seconds),  and  the  preparation  appears  pale  pink.  This  results  in 
decolorization  of  all  microorganisms  with  the  exception  of  nieinbers  of 
the  uciil-fast  group.  Thorough  washing  in  80  to  95  per  cent  alcohol 
is  now  employed  to  complete  the  decolorization.  The  preparation  is 
then  rinsed  in  water  and  countcrstainetl  with  1  per  cent  aqueous  methy- 
lene-blue. 

Tuhcrcle-baciUus  staining  has  been  further  simplified  by  Gabbett,^** 
who  com))in(*s  der'olorixation  and  counterstaining.  In  this  method 
preparations  are  stained  with  Zichl's  carbol-fuchsin  as  in  the  preccMiing; 
they  are  then  rinsed  in  water  and  covered  with  a  solution  contaiidiig 
methylene-blup  1  gram,  conccntrateti  nulphuric  acid  25  grarrs,  and 
distillod  water  100  c.c.  This  is  allowetl  to  act  for  from  two  to  four  min- 
utes, at  the  end  of  which  time  all  elements  in  the  preparation  except 
the  acid-fast  ])acilli  will  \ye  decolorized  and  counterstained. 

Another  excellent  stnin  for  tubercle  bacilli,  which  ha.s  the  advantage 
of  greater  clearness  of  contrast  over  the  carbol-fuchsin  stain  is  that  of 
Hennann  in  which  C'rystal  Violet  is  used.  It  is  described  in  the  section 
on  staining. 

Tubercle  bacilli  in  very  young  culture  are  often  not  acid-fast  and^it 
is  not  always  possible  to  demonstrate  acid-fast  bacilli  in  pus  from  cold 
abscesses  in  sputum,  in  serous  ewidatos,  and  in  granulomatous  legions 

of  the  lymph  nodes  which  can  hn  ghnwn  by   nnimnl   inf>r|y1af inn   \a  be 

tuberculous.  Much  **  demonstrated  in  such  material  Gram-positive 
granules  which  lay  singly,  in  short  chains  or  in  irregular  clumps,  and 
which  he  believed  to  be  non-aeid-fast  tubercle  bacilli.  He  foimd  sinr.ilar 
granules  in  cultures  of  tubercle  bacilli  which  showerl  on  fuilher  incuba- 
tion numemus  acid-fast  bacillary  forms.  His  work  has  been  repeatedly 
confirme<l,  and  there  seems  little  doubt  but  that  these  granules  are  really 
tubercle  bacilli.  Their  ileiiHmstration  is  not,  liowever,  of  great  diag- 
nostic value,  as  otjier  bacilli  form  granules  of  the  same  appearance. 
Small  rods  and  splinters  are  also  found  which  stain  by  Gram's  method, 
but  not  by  carbol-fuchsin.'* 

To  find  "Mucli's  granules,"  smears  or  sections  are  steamed  in  a 
solution  of  methyl  violet  B.N.  (10  c.c.  of  saturated  alcohoUc  solution 
of  the  dye  in  100  c.c.  of  distilled  water  containing  2  per  cent  phenol). 


**Giibbcit,  LnncPt,  1887. 
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They  are  then  treated  with  G rani's  iodine  solution  one  to  five  minutes; 
6  per  cent  nitric  acid  one  minute;  3  per  cent  hydrochloric  acid  ten  sec- 
onds; absolute  alcohol  and  acetone  equal  parts,  until  decolorized.  The 
granulea  may  be  stained  by  other  raodificiitions  of  GramV  melhotl. 
Weiss*'  has  devised  a  combination  stain.  One  pari  of  Much's  niothyl 
violet  is  Hiixed  with  three  parts  of  Ziehl's  carbol-fuchsin  and  filtered; 
slides  are  stained  for  twenty-foiu-  to  forty-eight  hours  in  the  luLxture. 
They  are  then  decolorized  as  in  Much*s  mcthoil  and  counterstained  with 
Bismarck  brown  or  safranin  I  per  cent.  Both  acid-faat  and  (tram- 
positive  forms  are  stained  by  this  method  and  in  the  red  may  be  f^een 
blue-black  granules. 

While  the  acid-fast  group  of  bacteria  is  composed  of  a  number  of 
organis  ns  to  be  mentioned  later,  a  few  only  of  these  ofTor  difficulties  of 
differentiition  from  the  tubercle  bacillus.  Those  to  be  considered 
practically  are  the  bacillus  of  leprosy  and  that  of  smegma.  The  latter 
bacillus,  because  of  its  distribution,  is  not  infrequently  found  to  con- 
taminate feces,  urine,  or  even  sputum,  and  it  is  sometimes  desirable  to 
apply  to  suspected  specimens  one  or  the  other  of  the  stains  devised 
for  the  diTerontiation  of  the  smegma  bncillus  from  Bacillus  tuber- 
culosis. The  one  most  frequently  employed  is  that  of  Pappenhoini.'* 
The  preparations  are  8taine<l  in  hot  carbol-fuchi^in  as  brforr;  the 
carbol-fuchsin  is  then  poured  oil  without  washing  and  the  nifparatjon 
immersed  in  solution  made  by  saturating  a  1  per  cent  alcoholir  s<^lu- 

tiOD    of     rOSollc      acid     with     methVlynP-bhlP     nnrl     n/l.lmfr     'Xl   p^r   Pon^    f^{^ 

lycerin.      In   such    preparations    Knhprrlp   hnrilli    romnin    rod,  smegma 

acilli  appear  blue. 

Stained  by  Gram,  tubercle  hacjjlj  r^*nin  the  gentian-violet. 

When  tubercle  bacilli  are  very  sparsely  present  in  sputum  and  other 
material  it  may  be  impossible  to  find  them  by  direct  examination, 
and  often  the  only  method  of  finding  them  will  be  animal  inocidation. 
However,  a  number  of  methods  have  been  devised  by  which  the  bncilli 
may  be  concentrated  in  such  a  way  that  they  may  be  found  even  when 
a  few  only  are  present.  One  of  these  is  to  add  peroxide  of  hydrogen  to 
the  sputum.  By  this  the  mucus  is  dissolved  out  and  the  solid  particles 
B?tth  or  may  be  centrifugalized.  A  method  ven'  pf^inmnnly  oi^i^i^yp^i 
to-day  is  that  wliich  depends  on  the  use  of  *'anfifonnin,"  This  is  a 
preparation  used  extensively  for  the  cleansing  of  vats  in  breweries.     It 


«ir«jw,  Borl.  klin.  Wo^-h.,  1909,  xlvi.  1797 
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is  described  by  Hosenaii*^  as  consisting  of  equal  parts  of  liquor  sodiB 
t'hiorinatie  and  a  15  per  cent  solution  of  caustic  soda.  The  formula  for 
liquor  sodae  chlorinat»  he  gives  as : 

Boitium  carlwinatc fiOO 

Chlorinnted  lime 400 

Distilled  water .,,^.. ,,..., 4.000 

^f  sputum  is  poured  into  a  10  to  15  per  cent  solution  of  antiformin 
and  allowed  to  Htand  fur  sovenij  nnurs,  nif)ht  oj  the  other  elouieiii>t  of 
the  sputum,  cells,  and  bacteria,  will  dissolve  out,  and  acicl-lutit  bacirji 
be  left  in  the  residue.  Strangely  enoufgh  ihvy  are  not  kille.tl  by  tlTia 
j)!T)ce^  and  tf  suttlciently  washed  may  be  cultivated  or  can  produce 
lesions  m  giunca-pigs. 

Isolation  and  Cultivation. — Tubercle  bacilli  arc  not  easily  cul- 
tivated. Their  slowiiesti  of  prowth  precludes  isolation  by  plating.  The 
first  isolations  by  Koch  '**  were  nmdc  upon  cnagulatod  V)lood  senun  fmm 
tuberculous  tissue. 

Isolation  from  tuberculous  umterial  may  be  aided  by  inoculation  into 
guinea-pi|^.  Tliese  animals  will  withstand  the  acute  infection  produced 
by  the  contaminating  orjranisms  and  succumb  later  (four  to  six  weeks) 
to  tuberculosis.  The  bacilli  may  then  be  obtained  by  cultivations  from 
lymph  nodes  or  other  foci  wliich  contain  only  tul>ercle  bacilli.  When 
isolation  from  sputum  is  attempted  whether  directly  or  by  means  of 
animal  inoculation,  the  sputmn  may  be  rendered  comparatively  free 
from  contaminating  bacteria  b^'  wasliing.  The  sputum  Is  rinsed  in 
running  water  to  free  it  from  pharyngeal  mucus.  It  is  then  washed 
in  eight  or  ten  changes  of  sterile  water.  The  material  selected  is  taken 
from  the  center  of  the  washed  mass,  if  possible  from  the  flakes  of  caseous 
material  \isible  in  such  sputum. 

For  tbt)  ieolation  of  tubercle  Imcilli  from  sputiuD  and  other  matorinla  in 
rhioli  oontMUiinatinir  Imotorin  iff  other  sp«<>ie»  are  pn^seiit,  PetroS''  baa 
•viiiWfl  nil  e.\<'ellent  method  which  has  been  tried  out  nnd  used  with  8uet*eMf 
in  our  Intmratory.  The  principles  on  M'hich  iVtrotTs  method  restv  arei  flrst 
of  uU,  the  bactericidal  power  ut'  .'t  per  cent  sodium  hydroxid  on  noD-acid-faat 
bacteria,  and  the  seltH'tive  aotiou  ot  dyen  Uke  K^ulian  violet  on  bai'terial 
growtbf  as  tir^t  practically  utilized  by  Churchman. 


*^SMenau,  "Prcvealive  Medicine  and  Ilyigcnr,"  D.  Appleton,  N,  Y.,   1H13; 
CMruhuth,  Bcrl.  klin.  WocIl,  No.  2P.  190J*. 
'•Koth,  !oc  cit. 
"  Pelroff,  Johnti  Hopkins  Hoetp.  Bull.,  vol.  xxrl.  No.  294,  August,  1915,  p.  ^76. 
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Tbe  meditim  \i6ed  by  Petroff  is  made  as  follows: 

I.  Meat  Juice,  Five  hundred  grama  of  beef  or  veal  are  infused  in  500 
C.C.  of  a  lo  pL'r  cent  gohition  of  glycerin  in  water,  in  a  cool  place.  Aflei* 
twenty-four  hours  the  went  i&  squeezed  in  a  sterile  prestt  and  the  itifusion 
eoltected  in  a  sterile  beaker. 

II.  Eggs.  The  shells  of  the  e(^B  are  sterilized  by  ten  niinute  immersion 
in  70  per  cent  nlcohol.  They  are  broken  into  a  sterile  beaker,  well  mixed 
and  filtered  thruii^h  sterile  gauze.  One  part  of  meat  juice  is  added  to  two 
parts  of  egg  by  vol  n  me. 

III.  Gpnti4in  Violrt,  One  per  cent  ulcoholic  fiolutiou  of  ^'ntiari  violet 
is  added  io  make  u  tlnnl  pro|H>rtion  uf  1  :lt),0OU. 

The  three  ingredients  are  well  mi.xed.  The  medium  is  tubed  and  inspissated 
as  usual. 

Petroff  recommends  for  spntum  the  following  technique:  Kqaal  part^  nf 
sputum  and  '^  per  cent  sodium  hydroxid  lire  shaken  and  incubatiHl  at  SB'*  C 
for  tifleen  to  thiiiy  minutes,  tlie  time  depending  on  the  consistency  of  the 
sputum.  The  mixture  is  noulrnlized  to  litmus  with  hydrochloric  acid  and 
centrifugalized.  The  se<liinent  is  inoeuUteil  into  the  medium  deseribed  above. 
Pnre  cultures  are  otjtained  in  a  Inrge  pro]>oition  of  eases. 

Petroff's  methc'd  ha-t  l>een  applied  by  liim  to  feces,  in  which  the  prubletn 
is  made  more  difficult  by  the  presetiee  of  many  spore-formers  which  resist 
sodium  hydroxid.  Feces  is  collcctrd  and  dilutetl  with  three  vuluuiea  uf  water, 
and  then  filtered  llirongh  sevenil  thicknessts  of  gau/.e.  The  filtrate  is  saturated 
with  sodium  chlorid  and  left  for  half  an  hoar.  Tbe  floating'  81m  of  bacteria 
is  collected  in  n  u'ide-moiithe<l  bottle  and  an  equal  volume  of  normal  ttodium 
hydroxid  is  nddc<l.  This  is  Bhakcn  and  left  in  the  itirubator  for  three  hours, 
shaking  every  half  liour.  It  is  then  neutralized  to  litmus  with  normal 
hydroehlorie,  eentrifugalized,  and  the  sediment  planted. 


Once  isolated,  the  bacilli  are  best  grown  on  glyceiin  egg  medium 
which  is  deHcriheti  in  the  section  on  Media.  On  this  medium  colonies 
of  the  human  bacilli  l>egin  to  appear  after  six  or  eight  davf?  a.s  yellowish 
white  moist  crust^ike  Hake**. 

On  bhod  scrum  at  37.5^  C,  colonies  become  visible  at  the  en<i  of  eight 
to  fourteen  days.  They  appear  as  small,  dry,  scaly  spots  with  corru- 
gated surfaces.  After  three  or  four  weeks,  these  join,  covering  the  sur- 
face a.s  a  dry,  whitish,  wrinkled  membrane.  Coagulated  tlog  serum  in 
regarded  by  Theobald  Smith  >*  as  a  favorable  media  for  the  growth  of 
tubercle  bacilli. 

'"  Th.  Smith,  Jour.  Exp.  Med.,  iii,  1898. 
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Slant.*^  )»f  nu'ti',  to  which  irlioh-  rahhiCn  hloorl  hrte  Ih'cm  julded  in  quan- 
tities of  from  I  to  2  c.c.  to  onoh  tuhp,  nmko  sn  f.xcolleiit  metiium. 

Gultivntion  mtnhodai  were  simplified  by  the  diwHivery  by  Roux  and 
Nooard  that  j^lycfrin  fncihtatCH  ciiltivjition.  Upon  ghfcenn-<\Qar 
(B;ly<erin  ii  to  0  per  omt),  at  37 .5'^  C,  crilonicrt  hoconio  vLsihlc  at  the  end 
of  from  ten  daya  to  two  weeks. 

Glycerin  bouiUon  (made  of  be<*f  or  vcul  witii  jKpton   1   pt;r  cent, 

glyeerin  U  \n^r  i-ent,  sUghtly  ulkuhne) 
is  a  favortible  niediuus.  It  should  be 
fill*»d,  in  Hhulliiw  hiyers,  into  wide- 
mouthed  fiiWikK,  j^inee  oxygen  is  essen- 
tial. TrunNphiiitii  Ut  thiM  niiHliuin  nhonhi 
be  made  by  cjiirfully  tloating  llakcij  of 
the  unhurt!  upon  the  surf arr.  In  tliis 
me<iiuin  the  baeilli  will  spread  out 
upon  the  svirffU't',  at  first  an  a  thin, 
opaque,  (loating  nieinhrune.  This 
rapidly  thicki'im  into  a  whites  wrinkled, 
or  Kranulnr  layer,  spreading  over  the 
entiif  Huifftce  of  the  Huid  in  fmrn  four 
to  Hix  weeks.  Lai^r,  i>ortioiLs  of  the 
menilnane  wink.  In  old  culturt-jt,  the 
niemlirane  becomes  yellowinh.  Tliew? 
cultures  emit  a  peeuhar  aromatic 
odor.  Cultures  when  first  grown  on 
HoUd  me<lia  an*  a  little  diffieult  to  Htart 
on  glyeerin  Viroth.  To  aceomplish  this 
it  is  best  t<i  grew  them  for  a  few 
we^»k«  on  egg  or  glycrerin  egg  slants 
coutaining  considerable  amounts  of 
condensation  water.  At  the  end  of 
thiA  time  the  growth  will  have  l>egun 
to  grow  over  the  surface  of  the  eondensation  water,  and  from  this 
fielliclea  bit  can  be  picked  up  with  a  Ijent  loop,  carefully  removed  with- 
out allowing  it  to  immerse  in  the  (hiid  and  this  earefully  Hoated  on  the 
Hurface  of  the  glycerin  broth  in  the  flaak. 

(■hfCJ-nn  pith'    ■        -  ji  favorable  culture  medium  for  the  bacillus. 
UeaHe  '■'  ha-    •         .a  nteilium  containing  a  proprietary  preparation 


Fig,  64  — Cclti're  of  IlAciLLUfi 
TrBERcuLOHie  IX  Flask  or 
Gltckhin  Bonii4iON* 


"  H«Mtf,  Zoit.  f.  Hyg.r  xxxx, 
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known  as  "Nfihrstoff  Hcydcn."  upon  which  tubercle  bacilli  aro  siiid  to 
^proliferate  more  rapitlly  than  other  bactoiia.  His  tnethoit  hat;  yielded 
:eellent  results.     It  is  prepared  ns  follows: 


"Ntihrstoflf  Heydcn"=<> 

Sodium  ebWiiid   .    . 

Glycerin 

Agar  

formal  sodium  Bulution. 
Aq.  dcat 


10  f^nuns 

3(1      •• 

II.     ■' 


1,000 


upon 


Biological  Considerations. — The   tubercle   1)acinuH  is  dcpcndrnl 
the   accesfs   of   oxygen.     Us  nptirnuin   tvniperaturc   is  37.5°   Q'. 


TeinperaturcH  below  ^O*^  and  above  t'J"  (^'.  inMhit  its  growth.  In  fluid 
media,  the  bacilli  are  killed  l)y  60°  in  fifteen  to  twenty  iiiinute.H,  by  80** 
in  five  minutes,  by  00^  in  one  to  two  minutes.  They  will  withstand  dry 
heat  at  100°  C.  for  one  hour.  They  are  resiKtant  to  cold.  The  coin- 
;paratively  high  powers  of  re.si8tance  of  the  bacilUiB  are  attributed  to  the 
protective  qualities  of  the  waxy  cell  membrane.*"'* 

The  life  of  cultures,  kept  in  favorable  environment,  is  from  two  to 

ight  months,  varjnnK  to  some  extent  with  the  nature  of  the  culture 

ledium.     The  inability  of  the  bacilli  in  nputum  i»  of  great  hyRienic 

importance.     In  most  sputum  they  may  iTinain  alive  an*!  virulent  for  aa 

long  a8  six  weeks,  in  dried  sputum  for  more  than  two  monthi*.-*^ 

Five  per  cent  carbolic  acid  kills  the  burilli  in  a  few  minutes.^^    Tscd 

for  sputum  disinfection,  where  the  bacilli  are  protected,  complete  difidn- 

fection  requires  five  to  six  hours.     Bichloride  of  mercurj'  is  not  very 

'efficient  for  sputum  because  of  the  formation  of  albuminate  of  mercury. 

birect  sunlight  kills  in  a  few  hours. 

Pathogenicity. — Thv  tubercle  bacillus  ^vt-s  risi*  in  men  and  sus- 
qe_pti*^^  'Viimals  t.B  spe^i^*'  inf^j^nimatinnx  which  are  so  characteristje 
that  a  diagnosis  of  tubercidaHLs  may  be  made  by  hi.stological  examina- 
lon,  even  though Jjibercle  bacilli  themselves  are  not  found.  These 
foci,  known  as  tnliercles,  were  first  studied  in  detail  by  Baumgarten,^* 
and,  since  then,  have  been  the  object  of  many  pathological  invest iga- 


*'*Nahr8toff  Heydpn*'  i«  prepBred  in  CtrrniftTiy.     Tf  U  n  white  powHrr  Himilnr 
to  nut  rose. 

"  J'A.  Smith,  JouT.   Exper.  Med.,   1899:    i.ruiichrr  et   LctioHX-Lcbard.  Arch.  d« 
ifid.  eip^r.,  1SP2;   Galtier,  Compl.  rpud.  do  I'ttcad.  des  aci.,  18«7. 
^  Schell  und  Fuic^Aer,  Mitt.  a.  d.  kais.  OeBundhcitaaiut,  1884. 
"/>c  Toma,  Ann.  di  med.,  1886. 
**  Baumgarten,  Bert.  klin.  Worh.,  1901. 
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tioud.  The  lesions  are  funUaiiien tally  alike  wherever  they  occur,  though 
in  their  detaile<l  hibtological  structure  they  may  A'ary  somewhat  accortK 
ii»g  to  the  tissue  in  which  they  appear.  Tlun'  l>o([ip  '^^^  mipifmfnpjr 
agglomerations  of  concentrically  arrangcil  cpitlK-Iium-like.  or  epithdaid 


cells,  around  which  eventually  lymphocytes  accurs>ulate.  Tbe^e  micro- 
scopic tuber(Ie,s  may  gratlually  enlai-ge  iinhviihiatly,  or  they  may  trrow 
by  c-oalescencc  with  nei^hl..>rinK  tutH-.cles.  Clianict eristic  giant  cells, 
with  marginal  centers  of  nuclei,  appear  near  the  centers  of  the  tul'crclea 
and  in  these  giant  cells  the  tubi'rcle  liaciih  are  ustially  ioumC  Ah  the 
tubercley  prow  in  size,  the  central  m(u<s  become.s  necrotic.  Pluid  pus 
dnoa  pot  form,  find  the  centf^ra  iissiune  a  grumous  and  friable  condition 
which  is  genorally  dpscrib>ed  aa  caHeou^s  or  cliei^v.  Such  tubercles  may 
result  from  t]\o  injection  of  dead  bacilli,  as  well  as  living  ones  as  Pruddcn 
and  Hodenpyl  have  shown.  The  t-heesy  deKcriera! ion  nuiy  be  in  part 
due  to  the  toxic  action  ol'  ihe  substances  of  the  tu)>ercle  bacilli  and  in 
part  by  pressure  and  lack  of  va.'*culurizatiou.  It  ia  a>ilouii-hiug  how 
difficult  it  is  to  find  tul)crcle  bacilli  histologically  in  such  lesions.  This 
may  be  due  perhaps  to  the  fact  that,  owing  to  degeneration,  nuwt  of 
the  tubercle  bacilli  have  lost  their  acid-fastness,  jf  tul^rdos  heal,  jum 
they  often  do,  they  undergo  a  fibrinous  chany^e,  are  surrounde<l  by  con- 
nective tissue  an<l,  if  central  necrosis  has  begun  at  the  time  that  heaUng 
sets  in,  calcihcation  results.     For  more  detaile<l  descriptions  we  refer 


the  reader  the  Text  lx>oka  of  Pathology  of  .\dami's,  MacCallum'a  or 
Delafield  and  Prudden. 

There  has  been  a  great  deal  of  discussion  ctmc^rning  the  manner  in 
which  tul>ercle  bacilli  enter  the  human  and  aiiimal  body  in  the  course  of 
spontaneous  infection.  A  thorough  discussion  of  this  will  l>e  found  in 
the  recent  lx>ok  by  Calmette,  L'Infeciion  Bacillaire  de  la  Tuberculose 
(Masson,  Paris,  1920),  Chapter  8,  p.  110.  Calmette  l>elic\'eH  that  when 
a  tubercle  bacillus  '*is  deposited  on  the  surface  of  the  .skin  or  a  mucoas 
membrane  or  is  intro<iuced  into  the  healthy  body  by  another  route"  it 
becomes  the  prey  of  leucocytes  which  carrj-  it  into  the  lymphatic  circu- 
lation and  into  the  blood.  The  leu<'ocvti<'  rnzynu^s  are  not  capable  of 
digesting  the  organism  and  eventually  the  orgHni-■^m  is  (leixtsited  in  the 
lymphatics  when  the  leucocyte  degi^lWrTiti'w: 

Tut>ercle  bacilli  may  remam  latenTTn  the  t>ody,  in  lymph  nodes, 
especially,  for  long  p-eriocls!  It  appears  that  the  point  of  entrance  of  the 
tubercle  bacilli  into  the  body  may  be  through  the  tonsila,  and  secondarily 
fhj^fi^  thn^iiph  iho  lympl^flticg.  then  to  Other  organs.  Pulmonarv  in- 
fection may  be  eithf>r  by  direct   inhalation  or  indirectly  through  the 
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'^Janpllatics.  Calmottc  bolioves  that  actual  direct  infootjon  f>f  tHo  l»r)g 
["b^-  inhaled  baciIE  Ls  relatively  rare  ami  hase^  th'*'  "i^*"  f>vj^.>r;n»>ni.nl 
:e\'idcnce.  Thb^.  however.  Is  not  in  agreement  with  the  hv^^  '^^  '^''- 
dence,  and  direct  inhalation  is  probably  the  in^st  ff^mnmn  niimnpr  ni 
invasion. 

According  to  the  researches  of  Bartel  and  many  others  J*  "pp''-'rs 
that  direct  infection  through  the  apparently  uninjured  mucous  nieuw 
[Brane  of  the  int^tinal  tract  may  t-akn  ^lnoo.  ilth\  aftpr  surli  pntnuicp  Lho 
^cilli  may  be  carried  by  the  lymphatics  and  blood  to  the  lungs  and 
fother  parta  of  the  body.  Calmette  states  that,  in  all  susceptible  nni- 
inals,  man  included,  and  in  all  its  varieties  of  locnhjiation,  tubcrculosia 
in  the  large  majority  of  cases  originates  in  a  oriman'  infection  of  the 
^mphatics  which  tnke-s  it-s  origin  by  entrance  of  thotuberek'  bacilli 
through  the  mucous  membranes  of  the  digeslivc  ti-act,  chiefly  the 
mucous  membranes  of  the  mouth,  phar>'nx  and  mtestmc.  This  is  the 
[•xtreme  view,  but  one  that  is  fatrored  in  addition  to  C'akuette  by  Von 
Behring,  Ravenel  and  others. 

Opie  ^*  as  a  result  of  recent  studies,  states  that  first  infection  with 
tuberculosis  may  occur  cither  by  way  of  the  lungs  or  the  paHtro-intestinal 
tracti  and  the  occurrence  of  one  lesion  tends  to  pre\ent  the  other. 

In  man,  tuberculosis  Is  most  common  in  the  lungs  whcrp  it  ^lff^^ft^v 
starts  in  the  apicST  Tl»e  apical  situation  of  early  tubert'les  is  not 
entirely  explained.  A  number  of  theories  have  been  advanced,  most  of 
them  based  on  anatomical  reasoning.  In  the  lungs  there  may  be  a 
miliary  distribution  of  tubercles  or,  by  coalescence  of  these,  large 
areas  of  consohdation  may  occur,  which  are  then  spoken  of  as  phthisis. 
Extension  to  the  pleura  is  conunon. 

Although  pulmonary  infections  constitute  the  very  large  lunjority 
of  cases  of  tuljerculosLs  in  adult  hfe,  this  is  not  strictly  true  of  childhood. 
In  statistics  quoted  by  Calmette  for  Europe,  it  was  found  by  Hom- 
berger  and  Sluka  *'*^  that  of  160  cases  in  children  there  wore  only  50  per 
cent  pulmonary  lesions.  According  to  Dr.  Holt's  statistics  for  New 
York,  however,  of  119  autopsies  of  tuberculous  children,  pulmonary 
lesions  were  found  in  99  per  cent.  In  1515  autopsies  studied  by 
Coinby  during  fifteen  j-ears,  involvement  of  the  tracheo-bronchial 
lymph  nodes  was  found  in  all.  Aside  from  the  pulmonary  and 
lymphatic  infections,  tuberculosis  may  occur  in  practically  all  other 
parts  of  the  body. 

»  Opie,  Am.  Rev.  of  Tuberculosie.  vol.  4,  1920.  p.  629. 
^  Havxhurgcr  and  SHka,  cited  from  CalinetU),  loc.  cit. 
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Tuborculoeis  of  the  skin  or  lupus  is  a  common  disease. 
meat  of  the  bones  and  joints  may  occur,  and  Rnf^^jfjing  to  ^^^^r^'^ 
may  in  many  cages  occur  without  any  previous  tuberculosis .  Tuber- 
cidous  meningitis  is  not  infrequent  in  children,  and  is  always  fatal. 
Calmette  quotes  Lirunberg's  fiudiea  ot  tbe  comparative  frequency  of 
mortaJity  of  cliildren  from  tuberculosis  in  568  families.  He  analyzed 
209  deaths  by  tuberculosis  in  children  from  birth  to  fifteen  years, 
from  birth  to  one  year,  82  per  cent  were  meningitic,  6  per  cent  were 
pulmonar>'  and  3  per  cent  other  forms  of  tubercidosis.  At  fifteen  years, 
only  6  crises  were  meningitis,?  pulmonary  and  5  of  other  fonns. 

The  liver  may  be  the  site  of  tubercles,  and  tuberculosis  of  the  spleen 
has  been  ol>ser\'ed  though  it  is  not  particularly  conunon.  The  kidneys 
and  the  gen i to-urinary  sj-stem  are  frequently  involved,  ami  the  supre- 
renal  xla^^td  may  be  tubei-culous,  and  in  this  case  may  lead  to  a  condition 
spoken  of  as  Addison's  disease. 

In  the  inteatincs  themselves,  varioua  forms  of  tuberculosis  have  been 
describi'd.  It  ap^wars  that  the  only  p)arts  of  the  body  in  which  tuber- 
culosis  ia  not  common  arc  the  mugftl^i  tiHsuw  thprnsclv^a.  and  the  w^all 
of  the  stomach. 

Rosenl>erger  ^®  has  reported  finding  tubercle  bacilli  in  the  circu- 
lating blood  of  all  causes  of  human  tuberculosis  which  he  e.\amined. 
Tliis  announcement  aroused  much  interest  and  has  led  to  many  investi- 
gations by  other  workers.  Hoeenberger's  results  were  obtained  by 
morphological  e-xamination  of  smears  of  citrated  blood  taken  iwm  the 
patients,  ilriod  upon  slidi^  and  laked  with  distilled  water.  Many  other 
observers  have  failed  to  confirm  Rosenberger's  results.  Anderson  ^** 
examined  47  cases  in  which  tubercle  bacilli  were  found  in  the  sputum 
and  one  case  of  joint  tulKrculosia.  In  none  of  these  48  cases  was  he 
able  to  obUun  tubercle  bacilli,  either  by  morphological  examination 
nor  by  guinea-pig  inoculation.  Brem^"  subsequently  found  that 
laboratory  distilled  water  may  frequently  contain  acid-fast  saprophytes 
^— n  fact  which  nmy  account  in  many  cases  for  errors  when  morphologi- 
oid  examination  alone  is  relied  upon  and  blood  examined  by  the  tech* 
nique  of  Rosenbcrger.  This.  t*X),  is  suggested  by  the  findiug  of  acid- 
fa.Ht  bacilli  in  the  blood  of  perfectly  healthy  iiidividuals.  Thereiore, 
although  the  bacilli  may  be  present  in  the  blood  in  a  certain  number  of 

='  I'rtjMCT,  Jour.  Kxppr.  Med.,  No.  4,  16,  1912. 

^  Hosrnbrrffrr,  Am.  Jour,  of  Meii.  8<r,,  cxxxvii,  1909. 

**  AiulrrfMon,  V.  S.  P.  H.  Service,  Hygienip  La»)..  Bull,  G7,  190». 

•"Brem,  Jour.  A.  M.  A..  Uii,  1909.  --.»•«.- 
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cases  it  does  uot  seem  likely  that  tlipy  arf»  wi  (iLstributcd  in  anything  like 
'the  high  percentages  found  by  Rosenberger.*** 

Although,  therefore,  in  patients  suffering  from  tuberculoeis,  the 
presence  of  the  tubercle  bacilli  in  the  h\ood  is  generally  slight  or  intermit- 
tent, there  nmy  be  times  when  large  numbers  of  tubercle  baeilii  are 
thrown  into  the  blood  stream^  and,  according  to  the  manner  and  quan- 
tity thus  distributed,  secondary  foci  or  general  miliary  tuberculosis  may 
occur. 

Bacillus  tut>creulosis  (typus  humanus)  is  pathogenic  for  guinco- 
J)igs.  less  markedly  for  rabbits,  and  still  less  so  for  dogs.  It  is  slightly 
pathogenic  for  cattle,  a  question  spoken  of  more  extensively  below. 

Secondary  Infection  in  Tuberculosis. — An  important  consideration 
in  the  .symptomatology  an<l  prognosis  of  pulmonarj'  tuberculosis  is  the 
fact  that  on  the  basis  of  the  chronic  inflammatory*  condition  of  bronchi 
and  alveoli  in  the  neighborhood  of  tuberculous  processes  in  the  bron- 
chiectatic  cavities  and  perhaps  in  cavities  communicated  with  bron- 
chioles, masses  of  bacteria  of  various  species  may  accumulate  and  hubil- 
iially  lodge.  Staphylococci,  streptococci,  Gram-negative  cocci,  and 
frequently  influenza  bacilli  may  be  present  in  such  cases  and  materially 
contribute  to  the  illness  of  the  patient  by  superimposing  acute  and 
Bubacutc  inflammatory  processes  upon  the  tuberculous  one. 

FREQUENCY   AND    TRANSMISSION 


Jn  man,  tuberculosis  is  the  most  common  of  diseases.  Naegeli*8 
statistics,  based  on  a  large  series  of  autopsies,  show  not  only  the  fre- 
quency of  the  disease,  but  its  relation  to  age.  Before  one  year  of  age 
he  finds  it  very  rare.  From  the  first  to  the  fifth  year  it  is  rare,  but 
usually  fatal.  From  the  fifth  to  the  fourteenth  year,  one-third  of  liis 
cases  showed  tuberculosis;  from  the  fourteenth  to  the  eighteenth  year, 
one-half  of  the  cases.  Between  eighteen  and  thirty,  almost  all  the  case^ 
^amined  showed  some  trace  of  tuberculous  infection.  Three-quarters 
of  these  were  active,  one-quarter  hejiled.  Two-fifths  of  all  deaths  occur- 
ring at  these  ages  were  due  to  tuberculosis.  After  the  age  of  thuly, 
active  lesions  gradually  diminishetl,  healed  lesions  increased. 

In  1900  it  was  stated  that  the  average  yearly  mortality  from  tuber- 
culosis in  New  York  amounted  to  6000,  and  that  in  Manhattan  alone 
there  were  constantly  20,000  tiiberculous  pei-sons.     Comet  estimates 
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that  in  1894  the  dcaU)s  in  Ccnuany  from  all  other  infectioas  diseases 
aaiounted  to  116,705,  those  from  tuberculosis  alone  to  123,904.  Similar 
statistics  might  be  chosen  from  the  health  reports  of  any  large  city. 
While  the  disease  is  less  common  in  rural  districts  than  in  large  towns, 
tlie  difference  is  not  so  striking  as  is  generally  supposed. 

Kober  ^  sUites  that,  owing  t-o  active  uieasuri's  of  prevention,  the 
death  rate  froux  tuberculosis  lias  been  reduced  from  326  per  I00,(»00  in 
1888  to  147.6  in  1913,  which  he  says  means  that,  if  the  former  rate  of 
mortality  had  l>een  cuntinuetl  "the  number  of  deaths  fi-oni  this  di^iea&c 
last  ycir  (1914)  would  have  been  322,027,  insK^ul  of  143,000,"  meaning 
the  saving  of  over  170,000  lives. 

Although  there  has  been  nuich  discussion  coiu'erning  the  different 
methOLts  ol  mlection,  tiiere  snems  to  Ik-  vciy  little  doubt  at  the  present 
time  that  inhalation  is  the  most  contmon  means  of  human  infection. 
In  coughing,  expectoration  and  sneezine:,  smiUl  droplets  of  fluid  in 
which  all  kinds  of  microorganisms  arc  found,  arc  spraye<i  into  the  air, 
and  thejse  may  be  deposit e<l  upon  the  mucous  membranes  of  people 
in  close  contact  with  the  disease.  The  striking  distance  of  such  droplet 
infection  is  not  very  large,  but  is,  as  Kober  points  out,  particularly 
dangerous  because  the  bacilli  thus  enter  the  respiratory  passages 
directly  from  Ixxly  to  l>ody.  In  addition  to  this,  the  tubercle  baciUi 
may  remain  alive  in  <lust  sufficiently  (lr>'  to  be  blown  about  by  draughts 
and  winds.  Although  the  l^acilU  are  not  spore  bearers,  their  acid-fast 
nature  renders  them  somewhat  more  resistant  to  desiccation  and  sun- 
light than  arc  most  other  germs. 

Next  to  direct  inhalation,  the  most  frequent  method  of  transmission 
is  probably  thmugh  the  digestive  tract.  Such  infection  may  take  place 
by  tlirect  contamination  of  foofl  from  the  expectoration  and  sahva  of 
consumptives  or  by  indirect  infection  of  food,  and  milk,  through  the 
agenry  of  fingers,  flies,  oic. 

Milk  Infection. — Xl^e  question  of  intestinal  infection,  however,  is 
particularly  important  in  mnnpctinn  with  transmission  of  bovine  tuber- 
culosis to  man  throiigh  the  agency  of  infocte*!  milk!  The  general  public 
hna  probably  ver>'  Ultli*  id*'a  oi  the  friMiuency  uf  tiibereulosis  in  eattle. 
In  a  community  sup<*rvLsed  more  closely  than  usual,  the  work  of  Public 
Health  Service  baeteriohigists  in  Washington,  n-vealed  6.72  per  cent  of 
sampleH  of  market  nulk  infected  with  tubercle  bacilli.  This  percentage 
is  probably  very  much  lower  than  that  which  wt>uld  naturally  be  found 
in  districts  with  a  less  well-developed  dairy  supervision,  and  in  some 
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the  poorer  farm  districts  of  the  countrj'  the  cattb*  tiiherrulopLs  sitiiii- 
tion  is  actually  appalling.  The  question  of  how  frequently  infection 
with  bovine  tubercle  bacilli  throimh  the  intestinal  tract  nmy  occur 
is  still  a  matter  of  some  controversy. 

V.  Hdirinj;  expressetl  the  belief  that  a  large  jxTCeiitii^ir  of  fil)  cjikph 
of  tuberculosi.<  ori^inatetl  in  childhood  from  infection  thr<infrH  ihf>  in- 
testinal tract.  He  determined  that  tubercle  bacilli  may  penetrate  the 
intestinal  nmcosa  without  causing  lesions.  Behring:'^  contention  caused 
a  great  deal  of  discussion,  and  the  question  he  raised  i.s  intimately 
bound  up  with  the  problem  of  the  virulence  of  bovine  tubercle  bacilli 
for  human  l>einKs,  as  he  assumes  that  the  infection  is  due  to  the  use  of 
infected  luilk. 


COMBINED  TABULATION,  CA3E8    REPORTED  AND  OWN  SERIES  OF 

CASES 

I  (From  Pmrk  and  Krumwiede,  loc.  cit.) 


DUcAMb. 


Pulmonary  tubcreuloais 

Tuberculous  ftden it i*,  axillary  or  iDguuuU 

TubcrciilouB  atlenitiH,  (■«T\'ioar  .  .    

Abduminal  tiibtTcuIosia 

Ceneratised  tuWrouJoaui,  alimentary  ori- 
gi" 

GcneralUcd  tuberculosis 

l^ienenlixed  t4iberculoais,  includinK  men- 

ingea,  alimentar>'  origin 

[^encmlized  tuberculosis,  including  men- 
inges    

TT^iberruioiw  meninfotifl  . 

'TutK'rcuIosis  of  iMHiea  an<l  jointH 

Genito-unnar>'  tul>ercu)oiiiH 
■  Tuberculosis  of  skiu ... 

AfiscetlanemM  Coses 

Tuberuulosia  of  tonsils 

Tuberrulofliaof  mouth  and  cervioLl  nodes 

Tuberculous  sinus  or  altsceases 

[jSepais,  iat^rnt  barilli . 

Totals 

Mix«l  or  double  inferfionj*,  4  eases. 


AdultH.  le  Yean 
•nd  liver. 


Chitdrm, 
5  to  16  VcAra. 


Hutnan 


568 

2 

22 

15 

6 

28 


677 


r 
bovin(^   Hiininn 


u 

4 

7 

2 
4 


99 


Bovinp 


20 

7 

3 
1 


33 


Children 
Under  5  Yean. 


Mtimsn 


12 
2 

15 
0 

13 

28 


4o 
14 
21 


161 


Royin^. 


-20 

13 

10 
5 


59 


PATHOGENIC  MICROORGANISMS 

The  problem  is  plainly  of  the  greatest  importance,  and  for  this 
rca:3on  has  been  diligently  investigated  during  the  last  few  years.  '[  he 
only  reliable  method  of  approacliing  it  has  been  to  isolate  the  tul.ercle 
bacilli  from  diaeased  human  l)cings  and  determine  for  each  case  whether 
the  organism  obtained  belonged  to  the  hun.an  or  bovine  type.  These 
types  can  be  differentiated  definitely  by  cultural  characteristics  and 
imthogenicity,  and  it  is  not  likely  that  the  type  chanpes  duiing  the 
sojourn  in  the  human  body.  Granted  this  permanence  of  tyire,  it  is 
naturally  of  much  value  in  revealing  the  source  of  an  infection,  to  deter- 
mine whether  or  not  a  human  being  is  harboring  a  bacillus  of  the  human 
type  or  one  of  the  bovine  tyj)e. 

One  of  the  most  valuable  contributions  made  to  this  problem  during 
the  last  three  years  is  that  of  Park  and  Krumwiede.^"*  The  above 
tabulation  is  taken  from  their  paper  and  represents  a  summary  of  (heir 
own  case-s  anil  those  rcpoitod  by  others. 

From  this  table  it  is  evident  that  out  of  a  total  of  1042  ca.«<»s,  101 
only  were  bovine  in  ongin  and  over  50  per  cent  of  these  occurred  in 
children  untler  five  years  of  age.  Fifty-one  out  of  the  59  cases  occurring 
in  the  161  infants  were  directly  or  indirectly  traced  to  alimentary  infec- 
tion. 

It  seems  reasonably  accurate,  therefore,  to  ptate  the  case  as  follows: 
Human  adults  are  relatively  insusceptible  to  bovine  infection.  Such 
infection  can  take  j)]ace,  but  is  unusual.  Delow  sixteen  years  of  age  the 
human  race  is  relatively  more  susceptible  and  up  to  this  age  the  clanger" 
of  inilk  infection  is  unquestionably  great,  thi?^  source  arcounting  for 
about  one-third  of  the  ca^s.  Rclow  five  years  the  danger  is  greatest. 
This  table  alone  should  fonn  sufficient  evidenci^  TO  Mll^nt'O  uli!-!ntTTTig1y 
any  doubts  as  to  the  dangers  of  milk  infection  and  remove  any  objections 
to  the  most  rigid  sanitary  control  of  niilK  fiupr'*'*" 

On  the  other  hand,  it  also  shows  that  Behring's  original  claims  were 
far  too  sweeping  and  can  not  be  upheld. 

KoIht  '^  alno  calls  attention  to  the  fact  that  one  must  not  be  deceived 
into  believing  that  childhood  is  the  only  i-eally  dangerous  age  for  infec- 
tion with  tuberculosis,  and  quotes  the  results  of  a  French  committee 
which,  in  a  small  group  carefully  investigated,  found  C4  cases  in  wlich 
the  disease  was  transmitted  from  husband  to  wife,  43  cases  in  wl  ich  it 
was  transmitted  from  wife  to  husband.  38  cases  transmitted  from  brother 
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to  sister,  19  from  mother  to  chil<i,  16  from  other  relatives,  and  in  33  cases 
it  was  traced  to  people  who  were  not  relations,  but  with  whom  the 
patient  had  been  in  communication.  He  also  quotes  Zasetsky  who 
reports  the  case  of  a  tuberculous  woman  who,  iu  the  course  of  eleven 
years  married  three  husbands  who  had  been  previously  healthy.  The 
first  one  tiled  of  tul^erculosis  seven  years  after  ma^ria^B:e,  the  second  three 
years  later,  and  the  third  at  the  time  of  the  rep<irt  had  the  disease,  the 
wife  in  the  ineautirue  ha\nng  died  of  tul>ercuIosis. 

The  fact  that  tubercle  bacilli  may  be  conveyed  in  dast  ha«  been 
indicated  above,  but  there  arc  other  means  by  which  habitual 
inhalation  of  dust  may  favor  the  spread  of  tuberculosis,  namely. 
by  virtue  of  the  irritant  properties  of  inhaleii  dust  in  pre<lisposinR 
the  Umg  to  infection.  Attention  to  the  dangers  of  trades  in  which 
dust  is  an  habitual  enviromnental  factor  has  been  particularly  ernplia- 
eized  by  Winslow  and  Greenberg.  Sommerfeld,  whom  we  quote  from 
Kober,  made  a  statistical  study  in  which  he  showed  that  in  the 
population  of  Berlin,  the  average  tuberculosis  death  rate  was  4.93 
per  1000.  The  rate  in  the  non-dusty  trades,  was  2.39,  and  in  the 
dusty  trades  5.2.  He  also  states  that  the  analysis  of  tuberculosis  in 
the  towns  in  Vermont  where  granite  and  marble  cutting  is  earned 
out  showed  a  tuberculosis  rate  of  2.2  per  1000  against  a  rate  of  1.3 
for  the  whole  state,  and  Ropke  is  stated  by  the  siinic  writer  to  have 
Bhown  that  the  mortality  from  tuberculosis  of  the  population  in  the 
large  cutlery  center,  Solingen,  in  Germany  was  reduced  from  5.4 
per  1000  in  1885,  to  1.8  in  1910,  by  measures  aimed  at  the  control 
of  the  dust  in  work  rooms.  A  recent  study  by  Dniry**^  shows  that 
polishers  and  grinders  in  axe  factories  are  subject  to  a  death  rate  from 
pulmonary  tuberculosis  considerably  above  that  of  others  in  tho  same 
mill.  In  the  two  decades  from  1900  to  1919.  the  polishers  and  grinders 
showed  a  death  rate  of  19  per  1000  as  against  6.5  of  the  enlirn  mill 
population,  and  between  1  and  2A  of  the  general  population  of  the 
district. 

In  regard  to  the  predisposing  factors  to  tuberculous  infection,  many 
phases  enter  into  the  problem  in  tliis  disease  which  exert  a  much  leas 
direct  or  perliaps  negligible  influence  in  connection  with  other  infections. 
There  can  be  no  question  alxiut  the  fact  tliat  poverty,  with  its  coincident 
crowding  in  livinK  quarters,  close  personal  contact  at  night,  insufficient 
warmth,  and  pariicuiarly  undernutrition  and  low  fat  diet,  play  a  role 
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of  immoasc  iii>|X>f1anco  in  luUcn'iiloftis.    In  do  djgcaHc  jb  prevention  go^ 

n"  1      r"*"^    ^^        ^  ^T  general  Hociological  and  economic  improve' 


Wcniicke  '^  in   u  stu<ty  of  the   relationnhip  of  diseases  to  social 

eoiulitions  shows  an  abuont  direct  reladoiiwhip  hf^twoen  the  provision 
of  air  ?fpace  and  parks  in  cities  to  tulion-nlosia.  Tlie  statistics  of  the 
influence  of  the  war  upon  tuberculoHiM  have  not  yet  become  avail' 
ahlo  for  study,  but  it  is  important  to  note  tliat  at  the  present  writini; 
wc  nrr  infoniuul  by  Kunitariuns  who  Jiuvi*  returned  from  Kurope  that  the 
sanitary  prol)lem  in  the  European  States  is  very  largely  one  of  tuber- 
culosis, unci  thnt  tlw  cPTcM'tx  of  prolongpi]  undernutrilion.  w^pccinlly 
upon  children  diu'injjc  the  war  veal's  has  resulted  ja  tin  fnoniiously 
incn*ii«e<i  tulwrculosis  rate. 

The  question  of  the  inhoritancc  of  tuberculosis  has  frequently  be<*n 
niiNod,  and  a  lar^r  liU'raturt*  <tn  thin  subjcft  has  aci'unmlatrd,  but  an 
analysis  of  this  htemture  seems  to  show  that  mheritance  must  be 
rr^j^ardt^  as  [>n*disposition  nithrr  than  u-s  a  tnethofi  of  din'rt  infection. 
Chikiren  of  tuberc-ulou-s  parents  are  likely  to  l>e  more  susceptible  to 
tulx'reulosis  and,  of  (course,  are  exposed  t«  tuberculosis  more  intimately 
duritiK  the  early  years  of  life  than  are  children  of  nonnal  parents. 
There  is  no  flire(!t  proof  that  tubereulosis  is  transmit te<l  from  n\f>ther  to 
the  fnrttifi. 

PreyentioiL — As  to  prevt'iUivv  mrasuri-s,  >ve  must  r<;lfr  tluj  rradei* 
U\  special  l>r)okfl  on  the  subject  since  the  problem  is  too  large  to  be 
dealt  with  briefly  with  auytliing  like  complet^^nees.  The  following 
stmunary*  of  preventiw  measures  is  based  largel}'  upon  the  conclusions 
tYnichetl  iu  Roller's  disiuission  of  this  subject: 

We  may  assume^  as  premis«!8  for  prevention,  fimt  tubercnlosis  can  be 
transmitted  at  all  jjcriods  of  life  and  that  foci  acquii-ed  in  youth  may 
be  arrested  btit  light  up  under  comUtiona  of  general  undernutrition, 
malnutrition,  etc.,  etc.,  in  later  yvtars.  Infection  may  be  chrect  from 
person  t/>  person,  indireet  thmiifrh  ront.flmimited  food,  fomites.  flies; 
Ihrough  dust^  and  in  childhnn*!  thminfh  millc  from  infected  cattle. 
The  most  common  manner  of  acquiring  tuberculosis  is  by  inhalation 
and,  next  to  it    *  '  T^  N   through  the  digestive  tract. 

The  most    .  ictor   m   the  prevention  of  tul>ercuIosis  is 

edueation.  This  must  elucidate  the  method  of  infection  and  the  im- 
portance of  the  wonomic  and  sociological  factors  as  they  effect  habits 
of  f(KHl,  slei!])  and  fresh  air. 

^Wemii!^,  OHOtfit  from  Kober, 
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Direct  infection  must  be  prevented  by  compulsory  notifies  tion, 
care  and  disinfection  of  expectoratioiiH,  isolation,  at  lou&t  as  far  as 
the  possibilities  of  Rputuni  infection  are  concerned,  in  tbc  home,  in 
hospitals,  etc.,  with  introduction  of  iwrket  sputum  fla«ks  and  the  other 
simple  measures  by  which  a  well-controlled  tuberculosis  patient  can 
avoid  infecting  others.  The  actual  prevention  in  deed,  aa  well  as  word, 
of  expectoration  in  public  places*,  the  protection  of  public  drinking  places, 
introduction  of  individual  cups  and  public  cleanliness  in  general;  espe- 
cial supervision  of  these  conditions  in  places  of  public  lodgment  and 
public  amusement  in  pchoola  and  public  conveyances;  introduction 
of  vacuum  cleaning,  etc. 

Attention  in  regard  to  the  marriage  of  tuberculous  people. 

Supervision  of  dairies  and  the  marketing  of  milk  by  governmental 
grading,  and  control,  with  pasleurization  of  Kuspicious  milk  or  milk  not 
prmluced  under  the  required  conditions  for  grade  **A"  milk. 

Public  provision  for  the  proper  and  humane  c^re  of  tuberculous 
people  in  state  and  municipal  sanatoria  so  arranged  that  the  poor  will 
regard  them  as  havens  of  hope,  rather  than  as  penalties  imposed  for 
disease. 

The  public  must  be  educated  in  knowing  that  tuberculosis  is  a  cu- 
rable disease,  provided  that  the  diagnofiis  ia  made  early  and  clinical 
facilities  must  be  so  arranged  in  cities  so  that  accurate  diagnosis  in  the 
early  stages  may  be  made  and  proper  fresh  au*  and  nutritional  care 
instituted  if  necessary,  at  public  expense.  In  our  cities,  roofs,  play- 
grounds, parks,  etc.,  should  he  provided  for  school  chililren.  Summer 
care  of  children  living  in  the  crowtlcd  districts  must  be  developed  on  a 
more  generous  and  more  important  scale.  The  nutrition  of  school 
children  in  the  pubhc  schools  must  be  supervisetl  and  8iibHidis5<'d  so 
that  no  child  in  a  ciNilized  community  should  suffer  at  any  time  from 
under  nutrition. 

The  prevention  of  tuberculosis  is  only  in  small  part  a  meiiical  prob- 
lem and  muyt  rest  in  its  last  analysis  on  the  prevention  of  the  means  of 
direct  infection  and  the  predisposing  considerations  in  which  the  sociol- 
ogist and  the  educator  iiuiHt  piny  as  important  a  part  as  the  physician. 

Chenucal  Analysis  of  Tubercle  BaciUi.^^ — Diligent  efforts  by  many 
investigators  to  isolate  the  specific  toxins  which  lend  tubercle  baciUi 
their  pathogenic  properties  have  led  to  careful  chemical  analysis  of  the 
organisms.     About  85.9  per  cent  of  the  bacillus  consists  of  water;   20 


; 


"  Hammerachfaff,  Cent.  f.  Win.  Med.,  1901 ; '•Weyl,  Drut.  me^.  Woch.,  1891; 
De  Schtceinitz  and  Dorset,  Jour.  Amor.  Cheni.  Soc.,  1895;  Bammersehtag,  loc.  eit. 
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to  26  per  cent  of  the  residue  can  be  extracted  with  ether  and  alcohol. 
This  material  consists  of  fatty  acids  and  waxy  substances  (fatty  acids 
in  combination  with  the  higher  alcohols).  The  residue  after  alcohol- 
ether  extraction  is  composed  chiefly  of  nitrogenous  constituents.  These 
can  be  extracted  with  dilute  alkaline  solutions,  and  consist  chiefly  of 
nucleoprotcins.  Aft^r  removal  of  the  so-called  nuclcoprotcins — that 
is  the  material  which  comes  down  on  treatment  with  dilute  acetic  acid 
in  the  rohi,  there  remains  a  small  amount  of  coagulable  protein  and, 
wo  have  recently  observed,  small  amounts  of  a  substance  that  reacts 
like  Henco-Jones  protein.***  The  final  reaitlue  contains  alcohol  precip- 
itable  substances — proteoses  and  poU*peptids  that  constitute  the  active 
substances  of  the  tuberculin  reactions.  Cellulose  ie  also  found  and  is 
stipposed  to  represent  the  framework  of  the  cell  membrane,  and  there  is 
an  fwh  rich  in  calcium  and  ma^esiiim. 

Toxins  of  the  Tubercle  Bacillus. — The  Tuberculins. — ^Filtrates  of 
Iwiuilhrn  cultures  of  Bacillus  tuUrrculoHis^'^  will  occjLsionally  prodtioe 
slipht  emaciation  when  injected  into  ffuinea-piffs,  and  when  adminis- 
Umnl  to  tuberculous  subject.s  in  sufficient  quantity  \vill  give  rise  to 
marked  increase  of  temperature.  It  is  likely,  therefore,  that  the 
tubercle  bacillus  actually  si*cret^s  a  soluble  toxin.*** 

The  chief  toxic  principles,  however,  of  Bacillus  tul^erculosis  are 
probably  endotoxins  or  l>acterial  proteins,  bound  during  cell  life  to  the 
body  of  the  bacillus.  Dead  bacilli  will  produce  sterile  abscesses  when 
injected  intoaninuUs.  I*ru<lden  and  Hodenpyl,^'  Straus  and  Gamaleia,*^ 
and  othei-H,"*-*  moi-<H)ver,  have  shown  that  the  injection  of  dead  and  care- 
fully washeHl  cultures  i>f  this  bacillus  will  produce  lesions  histologi- 
cally similar  to  those  o<M'\irring  after  infection  with  the  living  germs, 
and  will  often  lead  to  man^sums  and  other  systemic  symptoms  of 
poisf)Ming. 

The  hope  of  actively  immunizing  with  substances  obtaine<l  from 
dead  bacilli  led  Koch  to  cu»ploy  various  methods  of  extraction  of  cul- 
tures for  the  manufncttn*e  of  tuberculin, 

** Old  Tuberculin"^  (Koch)  ('^T.A.K.").— The  first  tuberculin  made 


"Z<fi«fr.  Joum.    oxp.  mod.,  Nov.,  J921, 

^fitraus  am!  Oftmaleia,  Arch.  m6d.  exp.,  18P1. 

•*nevyn,  ••!#  KtmilloB  Flltr^**  LniivaUi,  1905. 

"  Pntddtn  and  HodfnpyU  N.  Y.  Mrd.  Jour..  Juno,  1891;  Prudden,  Itdd.,  Dee.  5, 

"  StrttUK  niul  Gamairia,  loc.  cit. 

•*.Mitfurri,  (ViM.  f.  nU(j.  Path.,  18»0. 

"Koch.  0»nt.  t.  Hkkt.,  18&0;  Doiii.  nio«l.  Woch.,  1891. 
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by  Koch  is  produced  in  the  following  umnner:  Tubercle  bacilli  ore 
grown  in  slightly  alkaline  5  per  cent  glycerin-pepton  bouillon  for  six  to 
eight  weeks.  At  the  end  of  this  time,  growth  ceases  and  tbe  comigated 
pellicle  of  tubercle  bacilli,  whifh  during  growth  has  floated  on  the 
surface,  begins,  here  and  there,  to  sink  to  the  bottom.  The  entire 
culture  is  then  heated  on  a  water-bath  at  about  80°  C,  until  reduced  to 
one-tenth  of  its  original  volume.  It  is  then  filtered  either  through 
sterile  filter  paper  or  through  porcelain  filters.  Tlic  resulting  filtrate  is 
a  rich  broT^Ti,  syrupy  fluid,  containing  the  elements  of  the  original  cul- 
ture mediinn  and  a  50  per  cent  glycerin  extract  of  thetul)ercle  bacilli. 
While  the  glycerin  is  of  suiBcient  concentration  to  prcsen'e  it  indef- 
initely, 0.5  per  cent  phenol  may  be  added  rs  an  additional  precaution. 
Dilutions  of  this  fluid  are  used  for  diagno**tic  and  therapeutic  purposes. 

'*New  ri//>crc«//n ""  (Kock)  (TA,  TO,  TH).— Koch  beheved  that 
the  immunity  resulting  from  treatment  with  the  old  tubercuUn  was 
purely  an  antitoxic  immimity,  devoid  of  all  antibacterial  action.  The 
use  of  whole  dead  tubercle  bacilli  for  immunization  purposes,  however, 
was  impracticable;  because,  injected  subcutaneoualy,  they  were  not 
absorbed,  and  introduced  intravefSouftly  they  wej-e  deposited  in  the  lungs 
and  gave  rise  to  lesions.  Koch  wa^  led,  therefoiv,  to  resort  to  more 
energetic  extraction  of  the  bacilli  in  the  hope  of  procuring  a  substance 
which  could  l>c  easily  absorl>eti  and  would  at  the  same  tune  give  rise, 
when  injected,  to  antibodies  more  definitely  bactericidal.  By  extract- 
ing tubercle  bacilli  with  decinormal  NaOH,  for  three  da3r3,  filtering 
through  paper  and  neutralizing,  he  obtained  liis  TA  (alkaline  tubercu- 
lin). This  preparation  seemed  to  fulfill  some  of  the  hopes  of  if«  dis^ 
coverer,  but  had  the  <lisadvantage  of  often  producing  abscesses  at  tiie 
points  of  injection.  Koch  then  resorted  to  mechanicul  trituratifm  of 
the  bacilli.  The  method  he  subsequently  followed  for  tubercuhn  pro- 
duction is  now  extensively  iwed,  and  is  carried  out  as  follows:*® 

Virulent  cultures  of  tubercle  bacilli  are  dried  in  vacuo  and  thor- 
oughly ground  in  a  mortar.  (Jrinding  is  continued  until  stained  prep- 
arations reveal  no  intact  bacilli.  (This  is  done  by  machinery  in  all  large 
manufactories.)  One  gram  of  the  dry  mass  is  shaken  up  in  100  c.c.  of 
sterile  distilled  water.  This  mixture  is  then  centrifugalize<l  at  high 
q)ee4-„  The  supernatant  fluid,  known  as  TO  (Tuberculin-Obcrschicht), 
contains  the  water-soluble  constituents  of  the  bacillus,  gives  no  precip- 


"fiocA,  Deut.  med.  Woch.,  14,  1897. 
^Buppel,  lancet,  March  28,  1908. 
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itute  on  the  addition  of  5U  per  cent  glycerin,  and  has  the  same  physiolog- 
ical action  as  the  old  tu^Jcrculin.  The  residue  TR  (Tubeiculin-Riick- 
stand),  after  pouring  off  TO,  is  again  dried  and  groumi  up,  and  again 
shaken  in  water  and  centrifugalized.  This  process  is  repeated  several 
times,  and  eventually,  afttT  thrtM?  or  four  repetitiouB,  all  the  TR  goea  into 
emulsion.  The  total  volinne  of  water  used  for  these  TR  extractions 
should  not  exceed  1(K)  c.c.  All  of  the  TR  emulsions  are  then  mixed 
together.  This  gives  TR  a  precipitate  with  50  per  cent  of  glycerin,  and 
is  supposed  by  Koch  Ui  i!ontiiin  bubstancoH  important  in  producing  an 
antibacterial  immunity.  For  punwses  of  standardization,  the  amount 
of  solid  substance  in  5  c,c.  of  the  TR  is  deternuned  by  evaporation  ?« 
ifacu4}  and  dr>'ing.  To  the  rest  are  added  a  little  glycerin  and  fonnalde- 
hyd  and  enough  water  to  allow  each  cubic  centimeter  of  the  solution 
to  contain  0.002  gram  of  solid  material.  Thus  the  culture  and  the 
medium  remaining  (he  same,  fairly  accurate  standardization  is  [K^ssible. 

"New  TuberculiH-badllary  Emulsion.^'*'^ — In  1901,  Koch  combined 
"TO"  and  ''TR"  by  putting  forth  a  preparation  referred  to  as  "Bazil- 
lenemulsion."  This  consists  of  an  enmlsion  of  pulverized  bacilli 
1  :  100  in  distilled  water.  After  several  days  of  sedimentation  to 
remove  the  coarser  particles,  the  supernatant  fluid  is  poured  off  and 
fifty  per  cent  volume  of  glycerin  is  added  to  it  for  purposes  of  |>ro«.Tva- 
tion.  Tills  preparation  contains  5  miUigrams  of  solid  suMance  in  each 
cubic  centimeter. 

Bouillon  Filire  (Deriys).-*^ — This  preparation  consists  of  the  filti-ate 
(through  C'hamberland  filters)  of  5  per  cent  glycerin-iTept^n-bouilJon 
cultures  of  Bacillus  tuljerctdosis.  Phenol  0.25  per  cent  is  added  to 
insure  sterility.  The  filtered  Iwiuillon  corresfxjnds  to  the  unconcen- 
trated  old  tuberculin  of  Koch,  but,  not  Imving  been  heat^,  is  supposed 
by  Den>^  to  contain  im[X}rtant  soluble  and  possibly  thermolabile 
secretory  products  of  the  bacillus. 

Tiiberadoplii9inin  {Duchner  and  Hahn),*^ — Buchncr  and  Hahn,  by 
crushing  tubercle  bacilli  by  subjecting  them  to  a  pressure  of  MX)  atmos- 
pheres, obtained  a  cell-juice  in  the  fomi  of  an  andjer  fluid,  to  which  they 
attributed  quahties  closely  analogous  to  those  of  TR. 

Other  tuberculins  are   those  of    Beraneck,'^"  lughly  recoumiended 


"  Koch,  Dent.  mod.  Ww)i..  1901. 

"Driiyg,  "Lc  Boumon  FITTrf,"  Louvain,  1905. 

^  Bvchncr  und  Bahn^  Miinch.  mcd.  Wwh.,  1S&7 ;    Hahn,  ibid. 

^Brruncckj  Compt.  reod.  dc  Tftcad.  dea.  bcI.,  1003. 
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clinically  by  Sahli  *'  that  of  Klel>s,^^  atul  the  tul>emilin  pnxlured  from 
bovine  tubercle  bacilli  by  Spenpler/'^' 

Diagnostic  Use  of  Tuberculin. — Suhcuian€aus*Ust, — The  prepara- 
tion usuaUy  employed  for  tiiagnostic  purposes  is  Koch's  "Old  TuVnaru- 
lin"  (Alttu})erculin).  This  preparation  is  achnini^terod  by  h\'podennic 
'injection  of  small  quantities  obtaine<i  hj'  means  of  tlilution^.  Tlie 
^dilutions  are  best  made  with  a  0.5  per  cent  aqueous  carbolic  acid  solution. 
In  practice  a  1  jier  cent  solution  is  made  hy  pipetting  0.1  cc.  of  tul)er- 
culin  into  9.9  c.c.  of  the  0.5  per  cent  carbolic  solution.  A  cubic  centi- 
meter of  this  then  contains  0.01  c.c.  of  tulierculin.  One  cubic  centi- 
meter of  this  solution  added  to  9  c.c.  of  0.5  per  cent  carbolic  acid  give*  a 

)lution  in  which  each  cubic  centimeter  contains  0.001  c.c,  or  1  mm.  of 
tuberculin. 

The  initial  dosage  in  adults  in  Koch's  **  early  work,  and  as  used  by 

Beck*^  on  a  large  number  of  patients,  was  1  mgra.    TliLs,  aci»ording  to 

►resent  opinions,  is  too  high,  and  most  clinicians  to-day  prefer  0.1 

"to  0.2  of  a  milligram.     If  after  three  or  four  da>-s  no  reaction  has 

occurred,  a  second  dose  of  1  mm.  is  given. 

The  reaction  itself  is  recognised  chiefly  by  the  changes  in  tem- 
perature. In  a  positive  reaction  the  patient's  temperature  will  begin 
to  increase  within  six  to  eight  hours  after  injection,  rising  sharply 

ithin  a  few  hours  to  0.5  or  1.5"  higher  than  the  temperature  before 
•injection.     It  then  sinks  more  gradually  than  it  rose,  the  reaction  visually 

•ing  complete  within  thirty  to  thirty-six  hours.  With  the  tempera- 
ture there  maybe  nausea,  a  chill,  rapid  pulse,  and  general  malaise. 
Locally  visible  tul>ercidous  processes,  such  as  lupus,  l\Tnph  nodes,  etc., 
may  become  tender  or  swollen,  and  if  the  tuberculosis  is  pulmonary, 
there  may  l>e  coughing  an<l  increased  exf>ectoration.  The  temiwr- 
aturcs  of  persons  subjected  to  the  test  should  Ik?  taken  re|?:idarly  for 
three  or  four  days  before  tuberculin  is  used. 

Ophthnbno4uhercuUn  y?rart?on.— Wolff-Eisner^'*  and,  soon  after  him, 
Calmette*^  proposed  a  method  of  ueing  tuberculin  for  ihagnostic 
purposes  by  instillation   into   the  conjunctival  sac.     In  tuberculous 


"  Sahli,  CoiTbl.  a.  Schw.  Aerrte,  1906. 

%iKlebi,  Cent.  f.  Bakt.    1896;  Dent.  mc^.  Wooh.,  1907. 

^SpengUr,  Deut.  died,  Woch.,  ixati,  1904;  xacii  and  xxxiv,  1905. 

^Koch,  Deut.  med.  Wwb.,  1S90. 

"Bert,  Deut.  med.  Worh..  1M#9. 

**  WolS^  Eutner,  Borl.  med.  fioscll.,  May  15,  1007. 

"  Calmrttef  A<*ad,  defl  sri.,  Jnnp  IT,  1907. 


MlCROOROAXISNfS 


conjunctival  congestion 


'.hit'  purpose  ts  produced  in  the  following 


AM  (Sbticca&t*  wilh  doublo  its  volume  of  05  jK^r  cent 

to  9eii\e  and  the  alcohol  then  filtered 
is  wftsheii  with  70  per  cent  alcohol 
^miat  *^  HmyMk  mm&  <lMr,  Ibaa  pre»ed  between  layers  of  filter 
m^  V*  «vv>Ms  ^  mnoiaiuMVt  scrapetl  into   a  dish,  dried  in 

mtltvA&en  np  in  a  mortar  under  a  hood. 
4t  Ite  pMvd^*  luv  made  in  sterile  normal  salt  solution,  1 
^.  •  Hl^i.  buiVftl  naid  filtered.    The  solutions  are  used  m 

^i  V^•>  lu^  I  (NK-  crnt,  a  drop  of  which  is  instilled  into  the  eon- 


K^ttdion, — Von  Pirquet*®  has  suggested  the 

yn.'  *irf  Uib«TCuhn  for  diagnostic  purpases.     A  25  per  cent 

iM    'V>lti   flibrrvulin**  was  first  used.     At  present  the  undi- 

iMlli^  J^MJilW-tlon  i*^  the  jmtiinit's  forearm,  two  drops  of  this  solu- 
Hftll  %M  k^ccd  upon  the  i^in  about  6  em.  apart-  Within  each  of  these 
Jbv>  ,>n  i«  done,  and  the  slcin  between  them  scarificed  as  a 

vytD^hft  UUIk4ll  Iwenty-four  to  forty-ei^ht  hours,  in  tuberculous 
I^Hlttiiti,  ^fyUkMua,  small  paptile.M,  and  herpetiform  vesicles  will  appear. 
\v\vi>kUNI  U«  ircent  investlKations,  about  70  per  cent  of  adults  show  a 
MlMW  nHMikm.     This  diminishcH  its  diagnostic  value  for  adults. 

MAKh**'  fnngt  n^oditicd  this  by  making  a  50  per  cent  ointment  of 
Vll|-"-^iV''  ill  lanolin  and  rul>bing  it  into  the  skin  without  scarification. 

%*^tli^ft$mtf*i  Fijftition  in  Tuberatloins.^^ — The  problem  of  comple- 
mifUl  knttkui  for  (hiignostic  purposes  in  tul>erculosis  has  been  very 
iwH<\v(>  wvtvtigaiwl  of  recent  years.  The  most  promising  results  have 
WvHk  Iffttf^"'^  ^^'i'^^  ^^^  antigen  made  by  Besredka  of  a  filtrate  of  an 
f|p4IMMl4)l\itli,  U|M.>n  which  the  tubercle  bacilli  had  been  grown  for 
«»y^pml  «rtf«»k»  with  a  similar  filtrate  of  cultures  on  a  watery  extract  of 
IMMklO  ^^  ^  .'wcrin,  used  bj'  Petroff,  and  with  an  antigen  made  by 
)4iUMrAt'  .  -tT  by  triturating  dead  tul>ercle  barilli  with  dr>'  crystals 


*^TW  mtttjuncilval  trat  is  not  in  general  une  at  the  present  time  owing  to  pos- 
thV^K*  vV<iMtfi*rii  to  th<*  oyoa. 

••».   |Srv*rr,  IWI.  kliu.  Woch..  xx,  1007;  Mfil.  Klinik,  il,  1907. 

*  WHfv.  Milni'h.  nu'd.  Wwh.,  1»06.  p.  £16. 
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of  NaCl  and  adding  distille<i  water  to  isotonicity.  Craig,  Bronfenbreii- 
ner  and  the  ul>av'e-nainctl  writers  have  reported  good  results  with 
these  various  antigens,  and,  although  it  is  too  early  to  say  which  will 
prove  most  useful,  it  is  eleur  that  complement  fixation  methods  can  aid 
'in  the  diagnosis  of  active  tuberculosis.  We  can,  of  course,  judge  con- 
cisely only  of  the  method  used  in  our  laboratory,  where  Miller  has 
followed  carefully  a  considerable  number  of  cases  on  which  the  method 
has  been  used.  It  would  appear  at  present^  that  about  70  per  cent 
of  the  fixation  results  corresixjnd  with  clinical  findings. 

The  Tuberculin  TcM  as  Applied  to  Cntile. — In  cattle,  the  symptoiua 
of  tuberculosis  are  not  easily  detected  by  methods  of  pliysical  diag- 
nosis until  the  disease  has  reached  an  advanced  stage.  In  consequence, 
cows  may  be  elements  of  danger  without  appearing  in  any  way  diseased. 
In  consequence,  routine  examination  of  herds  by  the  tuberculin  test  has 
become  one  of  the  necessary  measures  of  sanitation.  According  to 
Mohler,*^  an  accurate  diagnosis  may  be  e«tal)liflhed  in  at  least  97  per 
cent  of  the  cases.  It  is  natural  that  a  good  ileal  of  objection  to  the 
test  is  encountered  on  the  part  of  dair>'  fanners  and  cattle  raitJcrs,  and 
it  has  been  claimed  that  the  cattle  are  injured  by  the  test.  There  is,  how- 
ever, no  scientific  ba.sis  for  this  belief,  if  the  test  is  carried  out  carefuLy  and 
intelligently.  As  a  matter  of  fact,  the  8yst«matic  use  of  the  test  would 
eventually  be  distinctly  advanta,?eou8  to  the  owners  of  the  cattle  them- 
selves, since  it  has  been  shown  that  cows,  even  in  the  early  stages  of  the 
diseaae,  may  expel  tubercle  bacilli,  either  during  respiration  or  w*ith  the 
feces,  and  thus  become  a  menace  to  healthy  members  of  the  herd. 

The  tuberculin  test  on  cattle  should  be  made  aa  follows;  (The 
directions  given  below  are  taken  directly  from  the  circular  sent  out  from 
the  Bureau  of  Animal  Industry  at  Washington.) 

1.  Begin  to  take  the  rectal  temperature  at  6  a.m.,  and  take  it  very 
two  hours  thereafter  until  midnight. 

2.  Make  the  injection  at  midnight. 

3.  Begin  to  take  the  temperature  next  morning  at  6  a.m.,  and  con- 
tinue as  on  preceding  day. 

To  those?  who  have  large  herds  to  examine,  or  are  unable  to  give  the 
time  requiretl  by  the  above  directions,  the  following  shortened  course  is 
recommended : 

1.  Begin  to  take  the  temperature  at  8  a.m.,  and  continue  every  2 
hours  until  10  p.m.  (omitting  at  8  p.m.,  if  more  convenient);  or  take  the 
temperature  at  8  a.m.,  12  m.,  and  10  p.m. 

•"Mohler,  Pub.  H.  hihI  Mar.  HoBp.  Serv.  Bull.,  41,  1908. 
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2»  Make  the  injection  at  10  p.m. 

3.  Take  the  temperature  next  morning  at  6  or  8  a.m.^  and  evcty  two 
boura  thereafter  until  6  or  8  p.m. 

Each  adult  ^niynft!  ahould  receive  2  c.c.  of  the  tuberculin  as  it  is  sent 
frofn  the  laboratory.  (Tbe  tuberculin  sent  out  from  the  c^itral  labora* 
tory  at  Wn.'ihtJiRUm  is  already  diluted;  2.  c.c.  represents 0.23 c.c.  of  the 
ooncentntted  "Old  Tuberculin  '*  of  Koch.)  Yearlings  and  two>year-olds, 
according  to  size,  should  receive  from  1  to  1.5  c.c.  BtiUs  and  very 
large  animals  may  receive  three  c.c.  The  injection  should  be  made 
beneath  tbe  skin  of  the  neck  or  shoulders  behind  the  scapula,  after 
wa«)iing  the  area  with  a  weak  carbohc  acid  solution. 

There  is  usually  no  marked  local  swelling  at  the  seat  of  the  injection. 

There  are  now  and  then  unea»ncss,  trembling,  and  frequent  passage 
of  softened  dimg.  There  may  also  be  slight  acceleration  of  the  pulse 
and  of  breathing. 

The  febrile  reaction  in  tuberculous  cattle  following  the  subcutaneous 
injection  of  tuberctilin  begins  from  six  to  ten  boiu-s  after  the  injection, 
reaches  the  maximum  nine  to  fifteen  hours  after  the  injection,  and 
returns  to  normal  eighteen  to  twenty-^aix  hours  after  the  injection. 

A  rise  of  two  or  more  degrees  Fahrenheit  above  the  maximum  tem- 
perature obser\'ed  on  the  previous  day  should  be  regarded  as  an  indica- 
tion of  t^^>er(rulosifl.  For  any  rise  less  than  this  a  repetition  of  the  injec- 
tion after  four  or  six  weeks  is  highly  desirable. 

It  is  hardly  necessary  to  sugj^est  that  for  the  convenience  of  the  one 
making  the  test  the  animals  should  not  be  tume«i  out,  but  fed  and 
watered  in  the  stable.  It  is  desirable  to  make  note  of  the  time  of  feed- 
ing and  watering  and  of  any  temperature  fall  after  watering. 

The  tuljcrculin  should  not  be  used  later  than  six  weeks  after  the 
date  on  the  fK)ttle,  nor  if  there  is  a  decided  clouding  of  tbe  solution. 

Therapeutic  Uses  of  Tuberculin — Tubereulin  was  first  used 
thora|HMjtioaily,  by  Kofli/^"*  sliurtly  after  its  discover)-.  Hailed  with 
the  most  optimistic  enthusiasm,  its  possibilities  were  overestimated  and 
hopeless  cases  were  treated  un.^killfully,  with  unsuitable  dosage.  The 
OOQseqtience  was  that  hann  was  done,  the  method  was  attacked  by 
Virchow  and  others  and  the  new  therapy  fell  into  almost  complete 
neglect.  At  present,  the  use  of  tuberculin  has  again  been  revived,  but 
with  greater  caution  aiul  with  a  thorough  understanding  of  its  limitations. 
The  tendency  has  been  toward  smaller  dosage  and  the  limitation  of  the 
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Agent  to  early  cases.  No  two  institutions  use  tuberculin  in  exactly  the 
same  manner,  and  it  is,  therefore,  impossible  to  do  more  than  outline  the 
genejral  scheme  of  treatment.  It  must  never  be  forgotten,  howe\'er, 
that  all  forms  of  tuberculin  treatment  consist  in  an  "active  immuniza- 
tion "  in  which,  for  the  time  beinf^,  the  toxemia  of  the  patient  is  increat?ed 
rather  than  neutralized.  It  is  obvious,  therefore,  that  only  cases  in 
which  the  procpss  Ls  not  a  very  acute  one,  are  at  all  suitable  for  treat- 
ment. The  genera!  principle  of  modem  tuberculin  therapy  seems  to  lie 
in  choosing  doses  so  small  that  no  marked  general  reaction  shall  follow. 
The  preparations  most  frequently  employed  are  Koch's  ''Alttuber* 
cuUn,"  his  "TR,"  his  *'Neu  Tul>erkuHn-Bazillen  Emulsion,"  and  the 
Bouillon  filtr^  of  Denys.  Initial  doses  of  Alttuberculin  range  from  0.1 
to  0.01  of  a  milligram.  In  case  of  complete  absence  of  a  reaction, 
the  injection  may  be  repeated,  gradually  increasing,  about  twice  a  week. 
The  occurrence  of  a  reaction  should  be  the  signal  for  a  longer  inter\'al 
and  a  slower  advance  in  the  size  of  the  dose. 

The  initial  dose  of  "TR  "  is.  as  ad\'iscd  by  Koch,***  about  0.002  mgm. 
This  usually  causes  no  reaction.  The  doe«e  is  doubled,  at  reasonable 
intervals,  up  to  1  mgm.  After  this,  further  increase  is  carefully  gauged 
by  the  clinical  indications.     The  maximum  dose  is  about  20  mgm. 

"Neu  Tuberkuhn-Bazillen  Emulsion,*'^  is  begun  with  a  dose  of 
0.001  mgm.  Gradual  increase  as  ^^ith  the  other  preparations  is  then 
practiced.     The  maximum  dose  is  about  10  mgm. 

Bouillon  filtr^  has  l^een  used  chiefly  by  Denys**  who  claims  ex- 
cellent results.  Denys  is  very  emphatic  in  advising  the  absolute 
avoidance  of  any  reaction.  He  begins  with  a  millionth  or  even  the 
tenth  of  a  millionth  of  a  cubic  centimeter  of  the  Ixjuillon  and  increases 
with  extreme  caution.     His  dilutions  are  made  with  glycerin  broth. 

Active  immunization  with  tul>crclc  baciUi  of  reduced  virulence  has 
been  suggested  and  attempted  at  various  times  but,  so  far,  without 
definite  success.  No  strikingly  favorable  results  can  be  justly  claimed 
for  any  of  these  preparations. 

Passive  Immnnization  in  Tuberculosis. — Numerous  attempts  have  been 
made  to  immunize  tuberculous  subjects  with  the  sera  of  actively  immune 
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**Veny8,  "Le  Bouillon  fiJtrtf,"  Louvain,  1905. 


MnOGKMC   UiCROQKGANISMS 


Xh*  VNiii  *»MM>r  mmX  itbod  «f  producing  such  fierum  is  that  of 

Hi»H#fciwir'^  OhHWAi,** — Mnrnc^kao  b«lievcs  that  a  toxalbumin  is  present 
hK  iulAkU[vlB.b««Ulw  wwJimw  wluB^  »  dastroyed  by  the  heating  employed  in 
iSt'  ^wJNMMtlUft  |M(\^liiHio^     Kk  procures  this  substance  by  filtmtioa 

«C  iUhm*— ^  9*iiHwem  UmI  |»|«Biptt*lioo  with  alcohol  (tossinu  pnccipitata). 
Um  ^MMkilVMt*  «*Im«  mi  »^<IWWW  «xinic(  of  iht*  baciliary  bodies.  With  these 
1^  %<fcli>»IW^  te  ilwMWHiati  W»»w.  Uo  draws  blood  from  these  after  four 
i        >  r^^tiMHit     TIm  MTum  ifi  extensively  used  in  Italy.    It« 

V  <  .  vw^  iloubtM. 

V  fi^fnwk.**— Manoor^k  claims  tlmt  the  poisons  produced  by 
■      '  iW|t«nd  Urxvly  upon  the  medium  on  which  it  is  grruwn. 
>  .t>tt    in   UfOU  that  the  substances  obtained  in   tuberculin 
^inKV  ImU  (Im  lnt««  toxins  of  tbe  tubercle  bacillus,  that  there  was  a  marked 
tf«  bw4«K«m  ihiMO  And  the  poisons  elaborated  by  a  younger  (primitive) 
uf  Itw  tiHuMuA  as  it  occurs  only  within  the  animal  body  or  on  media 
\stMU>wat4  \^  auiiMal  tissue.    Ue  consequently  grows  his  cultures  on  a  medium 
scrum  (produced  by  inoculating  calves  with  guinea- 
,  .^  '    t»(»A»o.    Such  cultures,  ho  claims,  contain  no  tuber- 

^uUm.  is*  \Uv  sera  protluood  by  immunisation  with  these  cultures  he  attributes 
lit^iH  vMrtUvKi  powork. 


Wc  muv  wy  wth  ponf^derable  confidence  at  the  present  time  that 
iHv  lUiMhtnl  of  pivssivo  imnninization  in  tuberculosis  lias,  up  to  the  prcs- 
out,  hail  any  tlogrw  of  8urross. 

B«dlU  Olosely  Related  to  the  Tuberculin  Bacillus.— The  Bacillus  of 
HsH'iH9  'ru/»*Tr»/(w/s.— Tuberculosis  of  cattle  (Perlsucht)  was  .'■tuc.'ied 
by  lUM^h***  in  connection  with  lu5  early  work  on  human  tuberculosis. 
Kooh  iliti  not  fail  to  recognize  dififerences  between  the  reactions  to 
ili^vlion  in  tho  bovine  type  of  the  disease  and  that  of  man.  He  attrib- 
ut<f«l  ihtw»,  however,  to  the  nature  of  the  infected  subject  rather  than 
to  any  (lilTor«»nrei(  in  the  infecting  agents.  This  point  of  view  met 
with  hltlp  authoritative  contradiction,  until  Theobald  Smith,"**  in  1898, 
mado  a  nystematic  comparative  study  of  bacilli  isolated  from  man  and 
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from  cattle  and  pointed  out  dilTerencea  between  the  two  t>'pes.  The 
opinion  of  Smith  was  fully  accepted  by  Koch"*  in  1901. 

Since  that  time,  the  question,  because  of  its  great  importance  to 
prophylaxis,  has  been  the  sul)ject  of  many  inve*5tigations,  most  of  them 
confirminjc  Smith's  original  work.  Morphologically,  Smith  ^  found 
that  the  bovine  bacilli  were  usually  shorter  than  those  of  the  human  type 
and  grew  less  luxuiiantly  than  these  upon  artificial  media.  He  deter- 
mined, furthermore,  that,  grown  upon  slightly  acid  glycerin  bouillon, 
the  bovine  bacillus  gradually  reduces  the  acidity  of  the  culture  medium 
until  the  reaction  reaches  neutrahty  or  e\'en  slight  alkalinity.  Fluc- 
tuations after  this  do  not  exceed  0.1  to  0.2  per  cent  on  either  side  of 
neutrahty.  In  the  case  of  the  human  bacillus,  on  the  other  hand,  there 
is  but  ehght  re<luction  of  the  acidity  during  the  first  weeks  of  growth; 
after  this  acidity  increases  and,  though  subject  to  fluctuations,  never 
reaches  neutrality.  This  behavior  is  probably  due  to  action  exerted 
upon  the  glycerin,  since  on  ordinar>'  bouillon  no  such  diflferenoes  between 
the  two  varieties  can  be  noticed.  These  observations  of  Smith  were 
confirmetl  by  Ravenel,"^  Vagedes/"*  and  others. 

The  cultural  differences  between  the  two  types  have  been  studied 
with  especial  care  by  Wolbach  and  Ernst/*  and  Kossei,  Weber,  and 
Heuss7^  All  of  these  obsen'crs  bear  out  Smith's  contention  that 
luxuriance  and  speed  of  growth  are  much  more  marked  in  the  human 
than  in  the  boAnne  variety.  Marked  differences,  furthermore,  have  been 
shown  to  exist  in  the  pathogenic  properties  of  these  bacilli  toward 
various  animal  species. 

Guinea-pigs  inoculated  with  the  bovine  type"  die  more  quickly  and 
show  more  extensive  lesions  than  those  infected  with  human  bacilli. 
The  difTercnce  in  the  pathogenicity  of  the  two  organisms  for  rabbits  is 
sufficiently  striking  to  be  of  diagnostic  value.  The  bovine  bacilli  usually 
kill  a  rabbit  within  two  to  five  weeks;  the  human  bacilli  produce  a  mild 
and  slow  discjisc,  lasting  often  for  six  months,  and  occasionally  fail  to 
kill  the  rabbits  at  all. 

The  practical  importance  of  distinguishing  between  the  two  types, 


f^Koch,  DoKt.  mcd.  Wooh.,   1901. 
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''^Kossfl,  Weber^  unci  Hcuxa,  Arb.  o.  d.  kais.  GeBiindheitsamt,  1904  and  1905. 

"Siin/ft,  loc.  cit.,  and   Medical  News,   1902. 


tD  whether  the  bo^^nc•  and  the 

tcable.     This  has  been  db- 

with  the  human  ty]>e, 

Borine  and  Human  Tttberde 

is  a  little  plumper  and 

caiuiot  be  regarded  as  suf- 

itiation.     On  Klycrrin  broth, 

^  ^  taBift  bftcilli  is  considerably  acid,  the 

*4i»  m  vvT  aiightly  above  the  neutral 

tiM9  B^  jcrow  as  readily  as  the  human 

ni  ith'wrin  to  the  nietlia  to  the  same 

rth  of  the  human  baoillu-s  b«  apt  to  be 

boncine.  especially  in  eadier  gcnenitions. 

louich  more  vinilent  for  all  the  ordinary 

«  «br  huiikan.    The  difference  is  particularly 

^  4taw  of  human  bacilli  inoculated  into  rab- 

.  «.  «Md  if  quantities  of  less  than  0.1  of  a  itiilli- 

ibr  rabbits  may  live  for  longer  than  two 

c^uuiltir  injection  of  the  ix>vine  typ«!  into 

•wuUrtty  and  more  extensive  lesions,  usually 


•  losis, — A  disease  resemblinjj  in  many 

.!i  is  not  uncommon  among  chickens, 

-     Koch  was  the  first  to  discover  in  the 

Mi  much  reseiMl>linK  Bacillus  tuberculosis. 

by  the  studies  of  Nocard  and  Roux/* 

*i  the  Imcillus  of  (he  avian  disease  represented 

^IHH'ics. 

m  staining   characteristicSf   the  bacillus  is 
of  the  human  disciise.     In  culture,  however, 
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actcriatic  of  the  avian  type  that  cultures  on  Hquid  media  (plycerin 
broth)  grow  as  readily  within  the  liquid  as  on  the  surface  and  may 
even  become  homogeneous. 

Guinea-pigs,  very  susceptible  to  huinan  tuberculosis,  are  very 
refractory  to  infection  with  the  a%Tan  type;  while,  on  the  other  hand, 
rabbits  which  are  resistant  to  the  human  type,  succumb  rapidly  to 
infection  with  avian  tul>erculosis.*^*  Prolonged  cultivation  and  passage 
tiirougli  tiie  niamuialian  body  is  said  to  cause  these  bacilU  to  approach 
more  or  less  clo9ely  to  the  mammalian  type.  Conversely,  Nocard** 
claims  Ut  have  succeeded  in  rendering  mammnhan  tubercle  bacilU 
pathogenic  for  fowl  by  keeping  them  in  the  peritoneal  cavities  of  hens 
in  celloiihn  sac»  for  six  monthfi. 

Hocontly  Koch  and  Rabinovitsch^  have  isolat<*d  from  the  spleen  of 
a  young  man  dead  of  tuberculosis,  a  niicroorganiam  which,  culturally, 
morphologically,  and  in  its  pathogenic  action  upon  birds,  seemed  to 
belong  to  the  avian  type.  Loweiistein®^  descril>eH  a  similar  organism 
cultivated  from  a  human  case  which  seems  to  be  a  transitional  type. 
Obsen'ations  of  thLs  order  arp.  however,  too  few  at  the  present  time  to 
be  used  as  the  basis  of  a  definite  opinion  as  to  the  relationship  between 
the  two  varieties. 

Tuberculosis  in  Cold-blooded  Antmala.— The  bacillus  isolated  by 
Duharre  and  Terre^  resem})les  Bacillus  tubenrulosis  in  morphology'  and 
in  a  certain  degree  of  acid-fastness.  It  grows  at  low  temperatures, 
15^  to  30^^  C.  It  is  non-pathogenic  for  animals,  but  kills  frogs  within  a 
month.  Except  for  the  acid-fastness  it  has  Uttle  in  common  with 
Bacillus  tuberculosis. 

Similar  acid-fast  bacilli  have  been  isolated  from  other  cold-blooded 
animals  fcarp.  frogs,  turtles,  snakes)  by  many  oliservere. 

There  have  been  many  attempts  to  show  a  close  relationship  between 
the  tubercle  bacilli  of  cold-blooiled  and  those  of  warm-blooded  animals. 
Moeller,  Hansomann,  Fricdniann,  "Weber,  KUster,  and  others  have 
given  this  subject  particular  attention  and  it  has  gained  especial  interest 
because  of  the  recent  notorious  claims  of  Friedmann  that  he  had  suc- 
ceeded in  obtaining,  from  turtles,  a  strain  of  acid-fast  bacilli  whii^h  could 
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be  succcssfuDy  used  in  actively  immunizing  human  beings.  In  1903 
Friedmann^  described  two  cases  of  spontaneous  infection  of  a  salt-water 
turtle  (Chelone  corticata)  with  acid-fa.«t  bacilli,  presenting  lesions  in 
the  lungs  which  simulated  pulmonary'  tuberculosis  in  the  human  beiug 
(cavity  formation  and  railiary  nodules).  The  organisms  cultivated  from 
these  le&ioiLs  presontoti  much  similarity  to  those  of  the  humau  type  and, 
according  to  Friedmann,*^  unlike  other  acid-fast  bacilli  of  cold-blooded 
animals,  could  be  grown  at  37.5°  C,  As  a  possible  human  origin  for  the 
turtle  infectiong  Friedmann  mentions  that  the  attendant  who  fed  these 
turtles  suffered  from  a  double  pulmonarj'  tulxrrculosis. 

Upon  inoculation  into  guinea-pigs  localized  lesions  only  were  pro- 
duced, and  dogs,  rats,  and  birds  were  immune.  The  imphcation  of 
Friedmann's  work  is  that  his  culture  repreaenfrd  a  human  strain  attenu- 
ated for  man  by  passage  through  the  turtle,  although,  as  far  as  we  are 
aware,  no  definite  statement  as  t^  this  was  made. 

Summarizing  the  work  of  many  investigators  (Weber,  Taute, 
Kuster,  Allcgri,  Bertarelli,  and  others)  Kustor  ^  makes  a  statement 
which  is,  in  essence,  as  follows;  In  the  carp,  in  snakes,  turtles,  and  frogs 
spont-aneous  "  tulx^rculopis  "  may  occur.  The  organisms  which  cause 
these  fliseaseff  are  specific  for  cold-blooded  animals,  similar  in  many  re- 
spects to  the  tubercle  bacillus  of  warm-blooded  animals,  but  in  the  hitter 
do  not  produce  progressive  disease.  Human,  bovine,  and  a\ian  tubercle 
bacilli  inoculated  into  cold-blooded  aninials  can  produce  lesions  which 
histologically  sinmlate  tuberculo«da.  These  microorganisms  can  remain 
a  year  in  cold-blooded  animals  without  losing  their  pathogenicity  for 
guinea-pigs.  Mutation  of  the  tubercle  bacillus  of  warm-blooded  animals 
into  cold-blooded  ones  has  not  been  proven. 

For  these  reasons  it  is  quite  impossible  to  exclude,  in  the  apparently 
positive  work  of  Friedmann  anil  others,  the  isolation  of  a  true  "cold- 
blooded" type  organism,  rather  than  a  mutation  form  originally  of 
the  warm-bloo<led  type.  What  Friedmann's  present  claims  in  this 
respect  are  for  his  culture  has  not  been  stated  as  far  as  we  know.  The 
possibility  of  a  positive  immunizing  value  of  organisms  isolated  from 
cold-blooded  animals  in  human  beings,  though  remote,  is  not  out  of 
question.     The  problem  is  so  serious  and  important,  and  the  experience 
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of  many  workers  is,  80  far,  bo  inconcliLsivo  that  the  timp  has  not  come  for 
commercial  exploitation  and  the  cruel  deceptions  of  false  hopes.  The 
subject,  however,  deserves  carefully  controlled  f urt  her  investigations. 

BadlluA  of  Timothtf.—  MoeWer  isolated  from  timothy-grass  and  from 
the  dust  in  haylofts?  arid-fast  bacilli,  like  Bacillus  tuberculosis.  They 
grow  rapidly  on  agar,  soon  showing  a  deep  red  or  dark  yellow  color. 

Bacillus  bniyricxm  (Butter  Bacillus). — Slightly  acid-fast,  bacilli 
resembling  Bacillus  tiaberculosis  have  been  isolated  from  milk  and  butter 
by  Petri,**'  Rabinovitsch,®"  Kom,^*  and  others. 

These  bacilli  are  easily  differentiated  from  Bacillus  tuberculosis 
culturally.  They  are  slightly  pathogejiic  for  guinea-pigs,  but  not  for 
man. 

Bacillus  snxeqmatis  and  the  baciUus  of  leprosy  will  be  discussed  in 
separate  sections.  The  differentiation  of  these  organisms  by  staining 
reactioas  has  been  discusfied  in  the  section  on  staining  methods. 

'*  Petri,  Arb.  a.  d.  kais.  Oesun.lheitsamt,  18&7. 

^Satinovitifch.  Zcit.  f.  Hyjj..  1897. 
"iforn,  Cent.  f.  Bakt.,  1899. 
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CHAPTER  XXX 
THE  SMEGMA  BACILLUS  AND  THK  BACILLUS  OP  LEPBOSY 

BAOXLLUS  SMUQMATIS 

In  1884,  Lustgarten  ^  announced  that  he  had  succeeded  in  demon- 
strating, in  a  number  of  syphilitic  lesions,  a  characteristic  bacillus, 
which  he  declared  to  be  the  etiological  factor  in  the  disease.  The  great 
importance  of  the  subject  of  Lustgarten's  commimication  caused 
munerous  investigators  to  take  up  the  study  of  the  microorganisms  found 
upon  the  genitals  of  normal  and  diseased  individuals.  As  a  result  of 
these  researches  the  presence  of  the  Lustgarten  bacilli  upon  the  genitals 
of  many  syphilitics  was  confirmed;  but  at  the  same  time  bacilli,  which 
in  all  essential  particulars  were  identical  with  them,  were  found  in  the 
secretions  about  the  genital  organs  and  anus  of  many  normal  persons. 
The  first  to  throw  doubt  upon  the  etiological  significance  of  Lustgarten's 
bacillus,  BXid  to  describe  in  detail  the  microorganism  now  recognized  as 
Bacillus  smegmatis,  were  Alvarez  and  Tavel.^  Similar  studies  were 
made  soon  afterward  by  Klemperer,®  Bitter,*  and  others. 

The  smegma  bacilli  are  now  known  to  occur  as  harmless  sapro- 
phytes in  the  preputial  secretions  of  the  male,  about  the  external  genital 
organs  of  the  female,  and  within  the  folds  of  thighs  and  buttocks.  They 
are  usually  found,  in  these  situations,  in  clumps  upon  the  mucous  mem- 
brane, and  occasionally  in  the  superficial  layers  of  the  epithelium,  intra- 
and  extra-cellularly. 

Morphologj. — The  smegma  bacilli  are  very  similar  to  tubercle 
bacilli,  but  show  greater  variations  in  size  and  appearance  than  do  the 
latter.  In  length  the  individuals  may  vary  from  two  to  seven  micra. 
They  are  usually  straight  or  slightly  curved,  but  according  to  Alvarez 
and  Tavel  may  show  great  polymorphism,  including  short  comma-like 
forms,  and  occasional  S-shaped  spiral  forms. 


^Lmtgartenf  Wien.  med.  Woch.,  47,  1884. 

'Alvartt  et  Tavel,  Arch.  d.  physiol.  norm,  et  path.,  Oct.,  1885. 

*Klcmperer,  Deut.  med.  Woch.,  xi,  1886. 

*  Bitter,  Virchow's  Arch.,  eiii. 
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Tlioy  arc  not  oomly  stAJncci,  and  though  \esi>  resistant  in  this  respect 
than  the  tubercle  baeillus,  they  yet  l>clonff  distinctly  to  the  group  of 
u(ud-faat  l)aeilU.  Once  staiiicil  by  the  stronger  dyes,  such  as  carbol- 
fuchsin  or  anihn-\vate^-gentilUl-^^olet,  they  are  tenacious  of  the  dye, 
though  less  so  tiian  tubercle  bucilh. 

The  iilentitication  of  tlie  snieirma  bacillus  by  staining  methods 
has  become  of  practical  importance  since  Fraenkel,^  Miiller*  and 
others  have  denion!»trated  the  oc<'asional  presence  of  arid-fast  bacilli, 
probably  of  the  smegma  gi'oup,  in  sputum,  and  in  secretions  from  tlie 
tonsillar  crypts  an<i  throat.  The  methocb  of  differentiation  which  have 
l>een  founri  most  practical  are  those?  which  de|xind  upon  differences  in 
the  retention  of  stain  shown  by  these  bacilli.  While  it  may  be  stat<»d 
tts  a  la^ncml  rule  that  the  smegma  bacilli  are  more  easily  decolonzeii 
than  tulM,^n;le  hHcilli.  it  is  nevertheless  important  that  a  controK  afl  sug- 
gested by  Wood,  be  made  with  known  tubercle  bacilli  whenever  a  sUde 
of  suspected  atne.gma  bacilh  is  examined.  For  the  actual  differentiation 
an  excellent  method  is  that  of  Pappenheim,  described  in  detail  iji  the 
section  on  Staining,  page  125.  Tliis  method  depends  upon  the  fact 
that  prolonged  treatment  with  alcohol  and  rosolic  acid  decolorizes  the 
smegma  bacilli  but  not  the  tubercle  baciUi.  Coles^  has  statecl  that 
smegma  bacilli  will  i-esist  Pappenheiin's  decolorizing  agent  for  four  hours 
at  the  most,  while  tubercle  baeilU  will  retain  the  stain,  in  spite  of  such 
treatment,  for  as  long  as  twenty-four  houi-s. 

The  .smegma  bacilli  have  no  pathogenic  significance.  They  are 
found  upon  human  beings  as  harmless  saprophytes,  and  all  attempts  to 
infect  animals  have  so  far  been  unsuccessful.  They  are  cultivated 
with  great  difficulty,  first  cultivations  from  man  being  successful  only 
upon  the  richer  media  ej)ntaining  hiunan  scrum  or  hydrocele  Huid. 
After  prolonged  cultivation  lipon  artificial  media  they  may  be  kept 
alive  upon  ghicoae  agar  or  ascitic  agar.  Their  growth  Ls  slow;  and  the 
colonies,  appearing  within  five  or  six  days  aft«r  inoculation,  are  yellowish 
white,  corrugated,  and  not  unlike  tubercle-bacillus  colonies. 


•FraenM.  Borl.  Win.  Woeh.,  1898. 
'MuiUr,  Deut.  mfiU.  Woctu,  18118. 
^  Coles,  Jour,  of  6uto  Med.,  4904. 
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The  haciiUis  of  leprosy  was  first  seen  and  interpreted  as  the 
etioltjuieal   factor   in  the   disouse  in    1879,   by   G.  Armaucr  HaiiHcnjg 

n^IS[^)r\Vfymn    r^hK^.i'Vi^r Hanatm  fmind    tllP   haclllj    ill    tho    llMSUCS  of    thC 

nodular  lesions  of  pationts.  Ivin^  in  small  cluitipi^,  intra-  and  cxti-a- 
cellnlarly,  a^  wtdl  ns  in  ilu*  stnifpi  oozuig  frani  the  tJSHUe  during;  ita 
rejnoval.  Hanson's  ob!»er\'ation  was  the  fruit  of  over  abc  years  of  careful 
study  and  w^  to  liis  priority  in  uialdng  tliis  diwcovcry,  there  can  be 
no  doubt.  AlmoBt  simultaneously  mth  hip  publication,  however, 
Ncisacr  **  pubhshwl  .similar  n'sultK,  obtained  by  liim  duriuK  a  brief  f<t*y 
at  Ber(i;en,  during  ihe  prei*eding  sumiuer.  The  bacilli  dej«:ribed  by 
these  workers  are  now  rec<»gni7/e»l  jis  bfiiig  unqiicetiunably  the  catiHe  of 
the  variotiH  forms  of  the  diRcasc  known  as  Ipprosy. 

Morphology  and  Staining.— Tho  leprosy  baeillutf  is  ^  f»r.iMli  mtX 
tneaBurinn  about  5  to  7/i  in  Irn^th  and  lui.s  a  'lyrtt'  'lUiiplioloy.ii  id 
resemblance  to  Bacillus  tuberculosis^  except  in  that  it  is  I^as  gpi,  fr  '^■'^ 
play  the  bradcd  appfarancr  and  is  :<litfhtlv  It'sx  hlrn<l«*r  tjfftft  Hic  latt£r. 
It  is  non-n^ottle,  |^>«>.sscss4-s  no  tlattollfi,  ^Tid  furiii.s  i]o  sporea. 

I .i kp    t II Ix'rclr    bacilli,    the   lepn>sy    bacilh    briony    (o    tlu^   class  of 


80*<'allcd  acid-fast  b 
when  ftnre  slnincd 


t>..ii.ir       L.)  ■.  ii 


f?>l 


"'M '-l.     t^WTn^yltv;      but 

___  (^  consider- 

to  the  dcL'tilurizitiK  acliuii  vj  acitU.     It  in  neecssary 


iliagnoKis,  however,  to  note  that  both  the  ihffieuity  of 


dtainitiK  and  the  resistance  to  docolon?.ation  are  less  marked  in  t!ie  case 
of  this  mirroorganisni  than  in  the  casp  of  Bacilhis  tulwreulf^is.  It  was 
thiM  fKHTuliar  behavior  to  sliiins  that  caused  tlu»  delay  of  several  yeam  in 
Hansen's  publications,  since  ho  failed  in  olitainiuK  eoo<l  uiorpholofdcal 
speeinicns  until  the  work  of  Koch  upon  bacterial  staininK  had  supplied 
him  with  proper  methods.  The  bacillus  is  stained  most  easily  with 
anilin-water-gentian-violct  or  with  carbol-fuchsin  solution,  jitaint-d  by 
Gram's  method,  il  is  not  decolorized  and  appears  a  dcvp  blue.  Differ- 
ential  staining  by  the  Ziehl-Xeelson  method  shows  the  haciUtis  stained 
red  unites  decolorization  by  means  of  the  acid  and  alci>hol  are  prolonged 
for  an  unusual  time.  A  (HfTcrontiation  from  tubercle  bueijli  by  virtue  of 
greater  e-aae  of  deeolorizatiun  is  of  vahie  only  in  the  hands  of  tJiose 
having  much  experience  with  these  bacilli,  and  follows  no  regular  laws 


*  Uanaen,  Tlreh.  Arch..  79,  1870. 

*^ewer,  Brcslauer  iirztK  Zettschr,,  20,  1679. 
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of  Rcid-etrengths  or  time  of  application  which  can  be  generalJy  applied 
by  the  inexperienced.  In  tissues,  the  bacilli  are  eafiily  stained  by  the 
methods  used  for  staining  tubercle  bacilli.  The  sections  arc  left  in  the 
Ziehl  carbol-fuchsin  solution  either  frotu  twu  to  twelve  hours  at  incu- 
bator temperature  or  for  twenty-four  houi^s  at  room  temperature. 
Subsequent  tri'atnirnt  is  tliat  oraploywl  in  the  case  of  iul>ercuk>us  tissue 
sections  (see  p.  132). 

Coltivation. — Cultivation  of  the  leprosy  bacillus  haa  not  met  with 
Buc-cess.  Hansen  and  others  who  have  approaclied  the  problem  with  a 
tltorough  knowledge  of  the  microorganibim.  combined  with  a  com|>etent 
bacteriological  training*  have  failed  in  all  (heir  attempts.  The  numer- 
ous positive  results  reported  by  observers  have  always  lacked  adequate 
confirmation.  Recently,  Rost,'"  of  the  British  Army  Medical  C^rps, 
claimed  success  in  cultivation  of  leprosy*  bacilli  upon  salt-free 
bouillon,  his  point  of  departure  l>eing  the  previous  obser\"ation  that 
salt'-free  media  favored  the  growth  of  tul>ercle  bi^illi.  His  results  have 
not  been  confirmed. 

In  1909  Clegg  '*  succeeded  in  growing  an  acid-fast  bacillus  from 
leprous  tissue,  obtaining  his  results  by  iniKulating  leprous  material 
upon  agar  plates  upon  which  ameba  coll  had  l>een  grown  in  symbiosis 
with  other  bacteria.  On  such  plates  the  acid-fast  bacilU  multiplietl, 
and  Bubse<iuently,  pure  cultures  were  obtained  by  heating  the  cuiluree 
to  tiO^  C,  which  destroyed  the  ameba  colic  and  other  bacteria.  These 
results  were  confirmed  by  other  workei*8  and,  soon  after  that,  Duval  *^ 
not  only  succeeded  in  repeating  Clegg's  exi>eriments,  but  obtained  cul- 
tures of  an  acid-fast  bacillus  directly  from  leprous  lesions  without  the 
aid  of  ameba.  He  first  observed  that  the  leprosy  organism  would  multi- 
ply around  a  transplanted  piece  of  leprous  tissue  upon  ordinary'  blood 
agar  tubes  upon  which  influenza  bacilU  and  meningococci  were  grown. 
He  concluded  that  such  growth  depended  upon  chemical  changes  in 
the  media  and  believed  the  formation  of  aiuino-acids  essential  for  the 
initial  growth.  The  method  he  subsequently  described  dejjendefl  upon 
supplying  these  substances  either  by  adding  tr>'ptophan  to  nutrient 
agai  or  by  pouring  egg  albumen  anfl  human  blood  serum  in  Petri  dishes, 
inspissating,  at  70*  C,  for  three  hours  ami,  after  inoculating  with 
leprous  tissue,  a<lding  a  1  per  cent  solution  of  trypsin.  Indirectly  the 
same  result  was  obtained  by  employing  culture  media  containing  albu- 


*'SoMt,  Brit.  Mfid.  Jour.  1,  1905. 

^Vlegg,  Philippine  Jour,  of  So.,  iv,  1909. 

"Ovva/,  Jour.  Kxp.  Mca.,  xii,  1910,  aiid  ibid.,  15,  1913. 
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ininoiis  sul)HUn<'Cs  and  inorulatiTiK  with  l>Mdmii  cjipiihlf!  of  proilucinp 
onunu-acids  from  the  incdiuni.  After  leprosy  haeilli  hiid  Urn  grown 
on  for  several  generations,  they  eould  eiiKJIy  be  cHltivuted  on  ai^ftrslftntfl 
without  f*pocial  additionHor  prohminan,'  treatment. 

In  Hpit.i;  uf  ejctcnsive  work  U[M)n  Ihis  vtMy  iniporliint  proljleni  opin- 
ionii  are  still  divided  as  to  the  specific  nature  of  the  orRanifluiB  rul- 
tivate<l  by  CMe^  juul  l)y  Duval.  Animal  exjH*nint'nts  with  tlii'W  rid- 
tiires  have  remained  ineoncluave.  The  cuhurcs  after  pi-olongf^d  preser- 
vation upon  artificial  media  grow  heavily,  often  lo«e  their  acid-fast 
characteristics,  develop  into  streptolhrix-like  or  di()hthcri'»id  fonns  and 
become  markedly  c}irt»ni(ijr<'nic,  nil  tlicsp  chjirMctrnKtics  supjre«1ing 
flaprophytisni. 

In  a  R'cent  comjiiunication,  DuvaP^  stnUw  his  opinion  as  follows: 
Prom  29  cases  of  leprosy.  22  succegsive  cultivations  of  acid-fast  bacilli 
wore  made;  in  14  of  them  a  chromogenic  organi:^ni,  similar  to  that  of 
Cle^K,  wax  found.  Thiit  Krow.«  either  as  a  T»nn-ucid-fa-Mt  strt^ptothrix  in 
subsequent  cultivatjum)  or  an  non-acid-f:uit  chphtheroid  forms.  PVom 
eight  caans  an  organism  distinctly  different  from  the  former  was  cul- 
tivated which  grows  only  on  specific  mcflia  and  by  r^crologiml  testa 
Reems  to  give  reaction  which  differentiHte8  it  from  Clepg's  orgiinism. 
Duval  belioveis  that  there  is  no  reason  to  assume  specific  etioktgical 
relationship  for  the  first  organism  mentionfHl.  In  the  case  of  the  se<*ond, 
he  admits*  that  not  sufficient  prcH)f  hits  [>een  brought,  but  states  his  belief 
that  its  etiological  significance  is  probable. 

Pathogfenicity. — Numerous  attempts  in  transrjiit  leprosy  to  ani- 
mals by  inoculation  have  been  unsueces-sftil.  Nicolle,'"*  however,  has 
rewntly  claime<l  successful  ex(>crin»ents  ujwn  monkeys  (maeacus)  in 
whom  inoculation  with  tissue  fi-om  -nfected  human  beings  wa**  fo!lowi»d, 
in  sixty-two  days,  by  the  development  of  a  small  nodule  at  the  site  of 
inoculation,  in  which,  upon  excision,  leprosy  bacilli  were  foimd.  In 
most  ciustes,  however,  inoculation  has  given  rise  merely  to  a  transient 
inflammatory'  n*jiction. 

Among  human  beings,  leprosy  has  been  a  widely  spread  disease  since 

til'  I  nni«4t  evideuce  i-   "         '    n  fuwient  litera* 

Till' 


di>*tribution  of  ti 


lonfi  before  the 


(christian  era  and  throughout  the  Middle  Ages.     At  the  present  day, 
leprosy  is  most  common  in  the  eastern  countrie?,  especially  in  India  and 


^ Duval  Jour,  of  Inf,  l)i».,  x\,  li»12. 
**  Nirolle,  Setn.  inMlrnH  10,  VtfKf. 
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China.  In  Europe  the  disease  ts  found  in  Norway,  in  Riisaia,  and  in 
Iceland.  In  other  Eiuopcan  countries,  wliile  the  disease  occurs,  it  is 
not  at,  all  common.  In  the  United  .State?!!,  there  ai-e,  according  to  Paler, 
three  important  centers  of  leprosy  situated  in  Louisiana,  in  C»^'*'f>nuf^ 
and  among  the  Xorwc^inn  settlers  in  ^Mjunestit.'i.  The  disease  is  also 
present  in  several  provincct^  of  Canada.  In  ail  countries  in  which 
segregation  of  lepers  is  rifddJy  practiced,  the  disease  is  diminishinK.  In 
Noi'way^  acconling  to  Hanson,  proper  sanitarj*  nicaHurcs  have  reduced 
the  number  of  leix^rs  from  2870  in  I80O,  to  577  in  liMX). 

('hh"'*^^V  *^^  fli^^n^n  appears  in  two  chief  varietiei<.  tul^ercular 
leprosy  und  the  soK-alletl  gnesthiMic  li^nrosy.  In  ihr  fttrnier  variet^y, 
hard  iKKJidar  swellin(^s  appe^ir.  UiJually  in  the  face,  l)ut  often  on  other 
pnr^-4  of  the  Itody  as  well.  Tlies<*  lead  to  frightful  disfigurement  and 
are  accomi>anied  by  a  fallins-out  of  hair  and  a  loss  of  sensation  in  the 
afTectxMl  areas.  In  the  anesthetic  fonn.  there  is  usually  at  (uyt  pain  in 
defin.i1e  areaa  of  the  extreniities  and  the  trunk,  which  i-ssoon  followed 
by  the  formation  of  Hat  or  slightly  raised  pigmented  areas,  withm  \vTach 
there  is  absolute  anesthesia  with,  later.  atm[)hy  ami  often  secondary 
necrosis  m  the  atropliicHl  partes.  The  disease  is  u.sually  chronic  in  its 
course. 

Tltc  bacilli  are  fouud  in  large  numbers  in  the  cutaneous  lesions.    Jn 

the  knobs  of  the  nodular  variety,  they  lie  in  clumps  l>etwecn  the  con- 

niH!tive-t issue  cells  and  within  tin-  largi^  spheroidal  (.ells  which  make  up 

tile  nodules.     Tliey  arc  found.  uLso,  in  :ii|y:>ni-<'<l  c-a^^m  in  the  liv<>r  iuid 

in  the  spleen,  lying  within  the  cells,  and,  to  a  slighter  extent,  in  the 

intercellular  space.-^^     They  have  also  beim  found  ■\vitluii  the  ki<lnevs. 

tju'  entlothelium  of  the  blood-vessels.  an<l  in  the;  testicles.' ^'     In  the  blood. 

the  bacilli  have  frecjuently  been  demonstrated^  especially  during  the 

febrile  attacks  which  occur  during  the  disease.     Weslphal  and  Uhlen- 

hut^*'  have  found  the  bacilli  within  the  central  uei'vous  system,  and 

thene  observea'u,  as  well  as  others,  have  found  them  lying  within  the 

substance  of  the  periphejal  nerves,  thus  ex|)Uiining  the  anesthesia.     A 

feet  of  importance  to  the  question  of  transmission  is  the  obseivation 

made  by  variotis  obser\a*rs.  more  esiycially  by  Stickei',  that  the  bacilli 

&n*  found  with  great  reguluritv  and  in  considerable  numbers  in  tin  nasal 
—        .     -  _    *•'  •  —  — /'        ...  ' 

secretions  of  persons  suffering  from  the  disease.     Sticker  is  incline<lJo 

regard  tiie  nose  ;is  the  primary  path  of  infection.     Whether  or  not  this 


^Sticker,  Miint'h.  mod.  Woch..  39,  3897. 

*  H'ettphal  unJ  Vhlenhut,  Klin.  Jahrb,,  1901. 
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be  true  can  not,  at  present,  be  decided.  As  a  source  of  infection,  how- 
ever, the  nasal  mucus  and,  Rccondarily,  the  wiliva.  are  certainly  the 
vehicles  by  which  large  numbers  of  the  bacilli  leave  the  infected  patient, 
and  therefore,  tend  to  spread  the  disease. 

The  contagiouaness  of  leprosy  is  f^r  ^^^  thnn  i«  thnt  ^f  nififit  Othfir 
bacteria)  diseiia^.     Phvsiciana  and  others  who  come  into  cUj-ect  contact 


with  large  numbers  of  leprous  patienta,  the  ordinary  ]>rccautions  of 
cleanliness,  rarelv  contract  the  d\<v*A^,  On  tho  other  hand,  intimate 
contact  with  Icpera  without  such  pi-ccautions  is  the  onlv  possitytp 
means  of  transmission.  The  ileinonstralion  nf  leprasy  bacilli  in 
dust,  soil,  etc.,  must  alwa>T5  be  looked  upon  with  suspicion,  since, 
apart  from  actual  human  int>culation,  there  is  no  method  of  positively 
differentiating  the  bacilli  from  similar  acid-fast  organisms.  Instances 
of  transmission  by  contact  are  on  record,  not  tlio  least  famous  of 
which  is  the  case  of  Father  Damien,  who  contracted  the  disease  while 
taking  care  of  the  lejx^rH  upon  the  island  of  Molokai.  HanscTi  st-aU*s 
that  in  his  knowledge  no  case  of  leprosy  can  be  found  in  which  careful 
examination  oF  tlie  past  history'  will  not  reveal  direct  contact  with^ 
pre\nous  case.  Direct  inoculation  of  the  human  being  with  material 
from  a  leprous  patient  has  l>eeii  successfully  carrie<l  out  by  Arning,'^ 
upon  a  Hawaiian  criminal.  In  this  case  a  piece  of  a  leprous  no<iule 
was  planted  into  the  siibcutaneous  tissue  of  the  left  arm.  One  month 
after  the  inoculation,  pain  appeared  in  tlie  arm  and  shoulder,  and  four 
and  a  half  months  later  a  typical  lepn:»sy  noclule  wa^  formed.  Four 
years  after  the  inoculation,  the  patient  was  a  typical  leper. 

Although  our  inabihty  to  cultivate  the  leprosy  bacillus,  and  the  lack 
of  success  attending  animal  inoculation,  have  nmde  it  impossible  to 
study  more  closely  the  toxic  action  of  this  microorganism,  then^  is, 
nevertheless,  some  evidence  which  points  toward  the  pro<iuction  of  a 
poisonous  Bubstauce  of  some  kind  by  the  bacillus.  Host,'*  who  claims 
to  have  cultivated  the  bacillus,  manufactured  from  his  cultures,  by  the 
technique  for  the  production  of  "Old  Tuberculin,"  a  substance  which  he 
called  'Meprolin,"  and  which  he  employed  therapeutically  in  the  same 
mann<?r*in  which  tuberculin  is  employed  in  tuberculosis.  As  stated  be- 
fore the  results  of  Rest  still  lack  confirmation. 

Of  far  greater  importance,  both  in  demonstrating  the  probahiUty 
of  the  existence  of  a  definite  toxin  as  well  as  in  indicating  the  close 


*^  Anting,  Vers.  d.  Nuturfor.  u.  Aerste,  18M. 
»  Bo*«,  loc.  oit. 
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relationship  between  the  leprosy  bacillus  and  the  Bacillus  tuberculosis, 
arc  the  investigations  ui>on  the  action  of  tuberculin  upon  leprous 
patients.  Wliea  tuberculin  is  administered  io  lej^ers,  a  febrile  reac- 
tion occurs  usually  twenty-four  or  more  hours  after  the  adminis- 
tration. The  fever  diffens  fjxmj  that  produced  hy  the  use  of  the 
eame  substance  in  tul>erculou6  patients  in  that  it  is  of  late  occurrence 
and  lasts  considerably  longer.  At  thn  wnmf^  fimn,  thrrp  niay  be 
marked  redness  and  tenderness  of  the  nodtdcs.  In  isolated  cases, 
Balies  ***  has  noticed  alaninngly  high  and  prolonged  fever  together 
with  systemic  symptoms  such  as  nausea,  headache,  and  e\'en  imcon- 
sciousness,  following  the  injection  of  tubercuUn.  The  same  writer 
claims  to  have  extracted  from  the  organs  of  lepers,  which  contained 
enormous  ninnbers  of  bacilli,  substances  whieii  8howe<l  an  action  similar 
to  that  of  the  tul)erculin. 

Until  recently  all  therapeutic  methods  applied  to  leprosy  have  been 
discouraging.  In  1914  Heiser  reported  on  the  treatment  of  12  cases 
by  intramiLscular  injections  of  Chaulmoogra  oil.  McDonald  and  Dean, 
Sir  Leonard  Rogers  and  others  have  used  this  oil  and  its  derivatives 
since  then  with  encouraging  results.  McDonald  and  De;m  report  186 
cases  treated  from  1918  to  1919,  25  of  whom  were  discharged  as  *'clin- 
ically  and  bacteriologically "  free  duri  ng  this  period.  They  used 
tntramuscular  injections  of  ethyl  ei^ters  of  the  fatty  acids  of  the  Chaul-^ 
mooKra  oil.  This  fonn  of  treatment  is  being  further  studied  by  them 
and  many  others.  For  details  we  refer  the  reader  to  their  commimica- 
tion  in  the  IJ.  S.  Public  Health  Reports,  August  20,  1920,  Vol.  35. 
No.  34. 

RAT    LEPROSY 


Stefansky  ^^  first  observed  this  disease  among  rats  in  Odessa,  and 
since  then  it  has  been  obser\'ed  in  BerHn  (Rabinovitsch  -'),  in  London 
(Dean  22),  in  New  South  Wales  (Tidswell^^).  and  in  San  Francisco 
(Wherry^  and  McCoy *»).    The  disease  occurs  spontaneously  among 


"BabcSf  in  Kollo  unil  Wasscrmann,  '*Uandbnch,  *•  etc..  Erst.  ErgHnz.  Bd.,  1907 
*>  Stefait^ktf,  Ccntralijl.   f.   Bakt.,  xxxiii,  481. 
^*  h'abiHovitach,  Ceutralbl.  f.  Bakt.,  xxxiii,  577. 
''Dean.  Centralbi.  f.  Bakt.,  xxxiv,  2112;  Jour.  Hyg.,  xclx. 
^TiSsuicU,   oited   by   Brinkorhoff   in    "The   Rat   and    Its   Relation   to   rublu; 
Health."  Trtnis.  Dept.,  WuKh.,  I&IO. 
«  n'kerry,  J.  A.  M.  A.,  June  6,  1908. 
^  McCoy,  Rep.  V.  8.  P.  H.  and  M.  H.  R..  xxiii,  981. 
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THE  COLON  BACILLI 


The  bacilli  belonging  to  this  group  of  raicroorganiams,  while  present- 
ing great  liifferences  in  their  piUhogonic  charact>ensticrt,  possess  many 
points  of  morphological  aiul  biological  similarity  which  have  made  their 
differentiation  extrc'inely  difticult.  Among  pathogonic  barilli,  thi'v  are 
probably  the  ones  most  (X)mmonJy  enconnifffd  '^■^^i  K/^i-Q.|^>  |.['  tho  tact 
that  some  of  tliem  are  s[M'i'ifi<';illy  palho^ciiic,  \NtiiU-  ollicrs  nrf  ('ss<'Il- 
tially  >tai)ropbytic  ant!  are  Math(»^ffi.>,_-  only  iiiu1(m-  ['vrepttoiiMl  ion  Jit  ions. 
the  neee.Hsitv  of  aecurati'  tlifferontiation  is  a  d^lv  oreiirrpncp  in  l>H<'leri- 
ojogical  lairfjratories.  It  kas  l)een  through  the  study  of  this  group  par- 
ticularly that  many  of  tlie  nuuiern  (Hfferential  methods  of  baet^rriologj' 
"     have  been  devcloix^<l. 

The  group  includes  the  colon  bacillus  and  its  allie-s,  the  ty|)hoid 
bacillus,  the  paratyphoid  organisms,  th<?  several  varieties  of  dysenterj* 
■  bacillus  and  numerous  closely  rehitt»d  species,  anil  Bacillus  fec^lis  alka- 
ligenes.  Closely  related  to  the  group  though  not  properly  within  it, 
are  Bacillus  lactis  at*rogenes,  B.  aei<li  lactici,  bacilli  of  the  Fried'itnder  or 
nmcosus  capsulatus  group,  and  a  numl>er  of  les.^  important  subdivisions 
of  this  last  group. 

All  bacilli  of  the  group  possess  morphological  characteristics  which, 
although  exliibiting  slight  differences,  are  insufficient  to  permit  accurate 
morphological  diagnosis.  They  are  none  of  them  spoVe-bearing.  Stained 
by  Gram's  method  they  are  deeoloriy.cd. 

Cultivated  upon  artificial  media,  they  grow  readily  both  at  room  and 
at  incubator  temperatures.  None  of  them  liquefies  gelatin.  Though 
shownng,  often,  distinct  differences  in  the  speed  and  luxuriance  of  growth 
upon  ordinary  me<lia,  I  best*  differences  are,  nevertheless,  too  slight  to 
become  the  basis  of  differentiation. 

In  order  to  distinguish  l)etwe€n  the  individual  members  of  this 
group,  therefore,  we  are  forced  to  a  careful  biolngiral  and  cultural 
study.    This  is  carried  out  by  the  observation  of  the  cultural  character- 
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jiouac  rata  ^d  is  charactoriged  by  subcutaneous  imJuration.swellingof 
jymph  nodes,  with,  lator,  fnlliiip;  out  of  the  hair,  oniaciation,  and  soine- 
tjines  ulceratioD.  Its  course  is  protracted  and  rats  may  live  with  it 
for  six  months  or  a  year.  When  a  rat  suffering  from  (his  disease  is  <iis- 
sected  there  is  usually  found,  imder  the  skin  of  llic  alulomcn  or  flank,  a 
thickened  area  which  hoa  the  appearance  of  adipose  tissue  except  that 
it  is  more  nodular  and  gray  and  less  shiny  than  fat.  It  is  so  like  fat, 
however,  tiiat  it  is  often  overl<x>ked  by  those  unfamiliar  with  the 
condition.  In  this  area  acid-fast  bacilli  looking  like  the  Bacillus  lepne 
are  foimd  in  lai*gc  numbers.  These  bacilli  are  also  found  in  the  lymph 
nodes  and  sometimes  in  small  nodules  in  the  liver  and  lung. 

The  iliseasc  can  l>e  transmitted  exiK'rimentally  from  rat  to  mt  and 
probably  is  transmitted  naturally  from  rat  to  rat  by  the  agency  of 
fliais  (Wherry,  McCoy).  Although  clinically  not  exactly  like  human 
leprosy  the  condition  is  sufficiently  like  it  to  arouse  much  hygienic 

interest.      The  distrib"^"*"  "f  ^hr>  disPiLsp  in  VMrions  ^vu-ja  t}\  \\\^  ^nrl^ 

does  not  correspond  with  the  distrilmtion  of  leprosy.  A  i^eculiar 
feature  of  its  distribution  is  the  fact  that  in  San  Francisco,  as  the  writer 
was  told  by  McCoy,  almost  all  the  rats  that  sufFere<l  from  this  disease 
came  from  the  district  in  which  the  retail  ni<;at  business  |fl  )ftffltp<t, 
Jcnow'H  as  *'Butchertown."  The  organisms  were  made  to  multiply  in 
vitro  by  Zinsser  and  Carj'  in  plasma  preparations  of  growing  rat  spleen. 
Chapin  has  succeeded  in  cultivating  theni  by  a  method  analogous  to 
the  trj'psin-egg  albumen  method  employed  by  Duval.  In  the  experi- 
ments of  Zinsser  and  Car>'  it  was  found  that  although  the  organisms 
may  retain  their  acid-fast  characteristics  for  many  weeks  within  leu- 
cocytes they  degenerate  rapidly  within  the  spleen  cells,  a  fact  which 
seems  to  have  some  bearing  on  the  mechanism  of  resistance  ixassessed 
by  the  body  against  acid-fast  orgaiusius. 
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THE  COLON  BACILLI 


The  bacilli  heloni^ng  1o  tlu!»  pmup  of  niipmorKanisins,  while  present- 
ing grout  tliffercncos  in  thoir  piithogcnic  rharactoristics,  iK)sso»a  niauy 
points  of  morphological  an<l  biological  siniUarity  which  have  nmde  their 
(liiTerentiation  extremely  difficult.  Among  pathogenic  bacilli,  they  are 
probably  tin*  ones  moat  conunonly  ent'oiri^'Tj*;]  ■■"''  !»».... i^n  ^^|'  t>ii>  dyi 
thiit  soinr  of  them  arc  sj^M-cifically  pathouji'iiic,  ^^hilo  otlicrs  uro  r-sscij- 
lially  sapropliytic  ami  are  piithog(>rw."  only  imtler  cxcoptirm-i!  con<lition.s> 
the  nccos^itv  of  accurate  difTerentiation  is  a  tlj^ilv  fK-ciirrfncf;  in  b^i^-tef-i- 
«ilugi< nl  laboratorie-s. _  It  Was  lieen  thnm^h  the  study  of  this  group  par- 
tici»larly  that  many  of  the  modern  differential  methods  of  bacteriology 
have  been  developed. 

The  group  includes  the  colon  bacillus  and  its  allies,  the  typhoid 
liacillus,  the  paratyphoid  organisms,  the  several  varieties  of  dysenten' 
bacillus  and  numerous  closely  related  species,  and  Bacillus  fecalis  alka- 
ligenes.  Closely  related  to  the  group  though  n'Jt  properly  within  it, 
are  Bacillus  lactis  aerogenes,  B.  acidi  lactici,  bacilli  tjf  the  Fried^iinder  or 
mucosus  capsulatus  group,  and  a  numlvr  of  less  imixiiiant  subdivisions 
of  (his  last  group. 

All  bacilli  of  the  group  po8se?!s  morphological  characteristics  wluch, 
although  exhibiting  slight  diPTerenct's,  an*  insufficient  to  permit  accurate 
morphological  diagnosis.  They  are  none  of  them  snore-bearing.  StjiJneJ 
by  Gram's  method  they  are  decolorized. 

Cultivated  upon  artificial  media,  they  grow  readily  both  at  room  nnd 
at  incubator  temperatuivs.  None  of  them  liquefies  gehitin.  Though 
showing,  often,  distinct  differences  in  the  speed  and  luxuriance  of  growth 
upon  ordinary  media,  these  differences  arc^  nevertheless,  loo  slight  to 
become  the  basis  of  differentiation. 

In  order  to  distinguish  between  the  individual  members  of  this 
group,  therefore,  we  are  forced  to  a  careful  biological  and  cultural 
study.    This  is  earned  out  by  the  observation  of  the  cultui'al  character- 
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istics  upon  special  media  and  by  the  study  of  serum  reactions  in  speciSc 
immune  sera.  Our  mainstays  in  the  accurate  differentiation  of  these 
bacilli  arc  their  fermentative  actions  upon  carbohydrate  media,  and 
their  agglutinating  reactions  in  immune  sera.  These  points  will  be 
taken  up  in  the  description  of  the  inchvidual  microorganisms,  and  will 
again  be  summarized  in  the  differential  tables  given  at  the  end  of  the 
chapters  dealing  with  this  group. 

BACILLUS  COLI  COMMUNIS  AND  MEMBERS  OP  THE  COLON 
BACILLUS    GROUP 

Under  the  name  of  "colon  bacilU"  arc  grouped  a  number  of  varie- 
tieB  differing  from  one  another  in  minor  characteristics,  but  cor- 
responding in  certain  cardinal  points  which  stamp  them  as  close 
relatives  and  amply  warrant  their  consideration  under  one  heading. 
While  usually  growing  as  hannless  parasites  upon  the  animal  and  human 
body,  and  capable  of  leading  a  purely  saprophytic  existence,  they  may, 
nevertheless,  under  certain  circumstances  l>ecome  pathogenic  and  thus, 
both  culturally  and  in  their  pathological  significance,  form  a  link  between 
pure  saprophytes  like  Bacillus  lactia  aerogenes,  on  the  one  hand,  and 
the  more  strictly  pathogenic  Gram-negative  bacilU  of  the  paratj'phoid, 
typhoid,  and  dj'sentery  groups,  on  the  other.  As  a  type  of  the  group 
we  may  consider  in  detail  its  most  prominent  and  thoroughly  studied 
member,  Bacillus  coli  communis. 

BACILLUS   COLI   COMMUNIS 

This  microorganism  was  seen  and  described  by  Buchner  ^  in  1885. 
It  was  thoroughly  studied  in  the  years  immediately  following,  by  I^sche- 
rich,^  in  connection  with  the  intestinal  contents  of  infants. 

Morphology. — Bacillus  coil  communis  is  a  short,  plump  rod  about^ 
^~^  Ulir^  ^^"fif  ^"*^  varying  in  thickness  from  one-thini  to  ont!-fifth 
of  its  length.  Under  varying  conditions  of  cultivation.  It  may  appear 
to  be  more  slender  tlian  this  or  shorter  and  even  coccoid  in  form.  In 
stained  preparations,  it  asually  appears  singly,  but  occasionally  may  be 
seen  in  short  chains.  It  stains  readily  with  the  usual  anilin  dyca  and 
decolorizes  by  Gram's  method.  Spores  are  not  formed.  It  is  motile, 
ami  riaj^rlla  staining  rpvp-als  piyht  or  more  flaircllu  p<ri;ilifndly  nrr^nporl 
Its  motility  is  subject  to  wide  variations.     Young  cultures,  in  the  first 

'  Buchnrr,  Arch.  f.  Hyg.,  3,  188fi. 

*Esduru:K  "I>ie  Damibakt.  dw  8{iuKliiiiiie«y"  8tutt|fMt,  1886;  Cent,  f  B«kt<, 
1,  1887. 
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generation  after  isolation  from  the  body,  may  be  extremely  motile, 
while  old  laboratory  sti-ains  may  show  almost  no  motility.  Independent 
of  these  modifying  conditions,  howe\'er,  separate  races  may  show  indi- 
vidual characteristics  as  to  motility,  varyinjc  in  range  between  a  motility 
hardly  <iistin(jiiishable  from  Brownian  movement  and  one  which  is  so 
active  as  to  be  but  little  less  than  that  of  the  typhoid  bacillus.  Ordi- 
narily, the  colon  bacillus  possesses  a  motility  intermediate  between 
these  two  extremes. 


f 


¥\>;    li'    — BArriLLUr;   i'oli   tommcmp 


Cultivation. — Thr  bacillus  is  an  ai-iobe  capable  of  flnnerohic 
growth  under  .suitable  oulturul  conditions.  It  grows  well  on  the  sim- 
plest media  at  temperatures  ranging  from  20°  to  40°  C,  but  finds  its 
optimum  growth  at  about  37.5°  C.  Upon  hrcth  it  grow^  rapidly,  giving 
'rise  to  general  clouding;  lat^r  to  a  pellicle  and  a  light,  slightly  slimy 
sediment.  Within  moderate  ranges,  it  is  not  delicately  susceptible  to 
reaction,  growing  equally  well  on  media  slightly  acid  and  on  tbose  of  a 
moderate  alkalinity. 

Upon  agar^  it  forms  grayish  colonies  which  become  visible  within 
twelve  to  eighteen  hours,  gradually  becoming  more  and  more  opaque 
as  they  gix)w  older.  The  deep  colonies  are  dense,  evenly  granular,  oval. 
or   round.     Surface   colonies   often    show   a   characteristic   grape-Icaf 
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structure,  or  may  be  roiind  and  flat,  and  ahow  a  defini^^ly  raised,  ^jistpm* 
Lng  suiface.     Upon  agar  slants,  gi-owtii  occurs  in  a  unifomi  layer. 

On  gelatin  the  colon  bacillus  grows  rapidly,  causing  no  liqiu'fuclian. 
Surface  colonics  are  apt  to  sliow  the  typical  grupc-lcaf  fornialion.  Deep 
colonies  are  round,  oblong,  and  glistening.  In  gelatin  stabs  growth  takes 
place  along  the  entire  line  of  inoculation,  spreading  in  a  thin  layer  over 
*he  surface  of  the  nitMliuin. 

On  potato,  growth  is  al»uiidant  and  easily  \4sible,  within  eighteen 


1  3  3 

Pin.  6B. — Baccillcs  coli  coiTtfrsis  Gro\\Ti  in:  I.  Dextrose,  J.  Uit-Uwe, 
3.  auccUarofni  broth  The  bucoillus  lonas  ueitl  ;ind  giw  from  aextrwe  aud  luctoee, 
ivjl  fmni  suroimrojv  Note  tho  absence  ot  growth  in  the  dosed  arm  of  the  sae- 
chaJtwo  tube,  in  wliich  no  ncwl  or  gas  la  formed. 

to  twenty-foiir  houi-s,  a«  a  grayish-white,  Kli^tening  layer  which  later 
turns  to  a  yrUowiah-lmnvn,  and  in  old  cultures  often  to  a  dirty  green- 
ish-brown color. 

In  prpton  nolutiort  iiid^jl  in  formed.  1^  fff/M:  then'  i.s  acidity  and 
coagulation,  In  InrtoHe-lilmuN-ttijnr  acid  is  fomicd,  the  medium  becom- 
ing red.  and  gas-bubbles  appear  along  the  line  of  the  flab  inoculation. 

In  carhoht/ffmti'  broth ,  gas  i^  formed  in  fjextrosc,  lactose,  nnd  Tnannit, 
but'not  in  sacrharose^  Tpy|.i.w^  mdtwinsp  ;iTui  m:iHi>M'  Mn  'tl^ciT^ 
mente<l  with  the  fonntilion  of  acid  antl  gas. 
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Cultures  of  thp  colfm  Imcilhis  arc  characterized  by  a  poculiarietid 
odor  which  U  not  unlike  that  of  (lilutcrt  fecca.  The  acids  formed  by  the 
colon  ImcilliLs  from  sugars  are  cluofly  lactic,  acetic,  and  formic.  The 
gas  it  produces  consists  chieHy  of  (.'O2  and  hydrogen.  The  bacillus 
grown  well  on  media  containing  urine  and  on  thow  containing  bile. 
Upon  the  latter  fact  methods  for  the  isolation  of  the  colon  bacillus  from 
water  and  feces  have  been  based. 

Isolation  of  the  colon  bacillus  from  mixed  cultures  is  most  easily 
accomplishwi  by  plating  upon  lactose-litnms-agar,  the  (^onradi-Drital- 
fiki  medium,  or  the  Endo  medium  after  preliniinary  enrichment  if 
heressarj' in  bile  or  malachite-preen  broth.  (In  the  e^isc  of  feces  sucJi 
Enrichment  is  superfluous.) 

Distribution. — The  colon  baciHiis  is  a  constant  inhabitant  of  the 

intestinal  canal  r»f  human  beings  and  animnls.     It  is  also  found  occasion- 

ftUy  in  soil,  in  air,  in  water.  an<l  in  rnilk  and  is  practically  ubifjuitous  in 

all  neighJMjrhoods  which  are  thickly  inhflliiffvJ      When  found  in  nature 

its  presence  is  generally  taken  to  l>e  an  indication  of  contamination  from 

'human  or  animal  sources.     Thus,  when  found  in  water  or  milk,  much 

[^hygienic  importance  is  attached  to  it.     Hecently,  Papasotiriu^  and 

indepc^ndently  of  him,  Prescott,"*  have  re|iorted  finding  bacilli  apparently 

[Identical  with  Bacillus  coli  upon  rye,  l>arley,  and  (►ther  grainp.     They 

feelieve,  upon  the  basis  of  this  disctwery,  that  Bacillus  coli  is  widely 

'distributed  in  nature  and  that  its  presence,  unless  it  appears  in  large 

[tmmbers,   does  not  ne^re-ssarily  indicate  recent  fecal   contanunation. 

These  reports,  however,  have  not  found  confirmation  by  the  work  of 

ithers. 

In  man.  Bacillus  coli  appeal's  in  the  intestine  nonnally  8<^>on  after 
[•birth,  at  about  the  time  of  taking  the  first  nourishment.^  From  Ibis 
'*time  on,  throughout  life,  the  bacilhi?  is  a  constant  intestinal  inhaltitant 
[^apparently  without  dependence  upon  the  diet.  Its  distribution  within 
[*the  intestine,  according  to  Crushing  and  Livingood,**  is  not  unifonn,  it 
>eing  found  in  the  greati^st  numbers  at  or  about  the  ileocecal  valve, 
"diminishing  from  this  point  upward  to  the  duodenum  and  downward  as 
flar  as  the  rectum.  Adami^  and  others  claim  that,  under  normal  con- 
ttions.  the  bacillus  may  invade  the  portal  circulation,  possibly  by  the 

■  PapajtoUriu,  Arch.  f.  Hyg.,  xli. 
*Prcitct^tt,  Cont.  f.  Bakt.,  Rof.,  xxxtii,  1003. 

"Schild.  ZeH.  t.  Hrg.,  xix,  1895;  Lemhicf.  Arch.  f.  Hyg.,  xxiv.  1S96. 
^Cunhinfi    nnil    LivingoGd,   '*Contrihiitinn»    to    Med.    8oi.    by    Pupils    of    Wm. 
Woli-h,"  Johns  Hopk.  Press.  1000. 

'  Jdomt,  Jour,  of  Arner.  Med.  Awn.,  Dw.,  1899. 
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intermediation    of    leucorytic    emigration    during    digestion.      After 
death,  at  autopsy,  Bacillus  coli  i.s  often  found  in  the  tissues  and  the  blood ' 
without  there  bein^  visible  Itwjns  of  the  inte.stuial  mucous  ntenilirane.^ 
It  is  probable,  also,  that  it  may  enter  and  live  in  the  circulatiolT  a  few 
hours  before  death  during  the  agonal  stages. 

The  distribution  of  the  colon  bacilli  in  the  human  intestine  at  dif- 
ferent periods  of  life,  and  under  var\'ing  dietetic  conditions  has  been 
considered  in  the  section  on  the  "normal  flora  of  the  intestinal  canal," 
p.  223. 

Extensive  investigations  have  been  carried  out  to  detennine  whether 
or  not  the  coastant  prtsence  of  this  microorganism  in  the  intestinal 
tract  is  an  indication  of  its  posse-ssing  a  definite  physiological  function  of 
a<lvant.agc  to  its  host.  It  has  been  argued  that  it  may  aid  in  the  fer- 
mejitation  of  carbohydrates.  The  que;?tion  has  been  approache<l  experi- 
mentally by  a  number  of  investigators.  Nuttall  and  Thierfelder  ** 
deliverel  guinea-pigs  from  the  mother  by  Cesarean  section  and  suc- 
ceeded ill  pn.'scrving  them  from  infection  of  the  intestinal  canal  for 
thirteen  days.  Although  no  microorganisms  of  any  kind  were  found  in 
the  feces  of  these  animals,  no  hann  seern<Ml  to  accrue  to  them,  and  some 
of  them  even  gained  in  weight.  Schotlelius,*"  on  the  other  hand, 
obtained  contradictory  results  with  chicks.  Allowing  <^gs  to  batch 
in  an  especially  constructed  glas*  compartment,  he  sneeee<led  in 
keeping  the  chicks  and  their  entire  environment  sterile  for  seventeen 
days.  During  thia  time  they  lost  weight,  did  not  thrive,  and  some 
of  them  were  moribund  nt  the  end  of  the  second  week,  in  marked 
contrast  to  the  healthy,  well -nourished  controls,  fed  in  the  same  way, 
but  under  ordinary  environmental  conditions.  Although  insuffi- 
cient work  ha-sbeen  done  upon  this  ijnportant  quei>tion.  and  no  definite 
statement  ran  Ix^  made,  it  i.s  more  than  Ukdv  that  the  function  of  the 
Bacillua  coli  in  the  intestine  is  not  inconsiderable  if  only  because  of  its 
poaaible  antagonigin  U)  certain  putrefnctivf  bacteria,  a  fact  which  has 


5een  demonstratetl  in  interesting  studies  by  Bienstock  "  and  others.^^ 
Pathogenioity. — The  pathogenicity  of  the  colon  bacillus  for 
animals  is  slight  and  varies  greatly  with  different  strains.  Intraperi- 
toneal injections  of  1  c.o.  or  more  of  a  broth  culture  will  often  cause 
death  in  guinea-pigs.     Intravenously  administered  to  rabbits  it  may 

•  BirchUirkrUftld,  ZiegkT's  Beitr.,  24,  18118. 

"\«f((i//  umi  Tlttcrfrldvr,  Zt'it.  f.   I'hyBioJ.  Chpiuii*.  xzi  unii  xxii. 
^SohotieliuM,  Aid*,  f.  Hyg.,  XJtiv,  1889. 
"  Bienstock,  Arch.  f.  llyg.,  xxix,  X90\. 
^Tiuer  and  SlarteUy,  Ann.  de  Pinst.  Pasteur,  1902. 
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frec|uently  cause  a  rapid  sinking  of  the  temperature  and  death  with 
syniptonLS  of  violent  intoxication  within  twenty-four  to  forty-eight 
hours.  Subcutaneous  inoculation  of  moderate  doses  usually  results  in 
nothing  more  than  a  localized  aliscess  from  which  the  animals  recover. 

In  man,  a  large  variety  of  lesions  produced  by  Bacilhu?  coli  Imve 
been  described.  It  is  a  surprising  fact  that  disease  should  be  caused 
at  all,  in  man,  by  a  microorganipm  which  is  so  constanth-  present  in 
largif  numl)ers  in  the  intestine  and  against  which,  therefore,  it  is  to  be 
expected  that  a  certain  amount  of  immunity  should  be  developed.  A 
numlier  of  explanations  for  this  state  of  affairs  have  been  advanced, 
none  of  them  entirely  satisfactory.  It  is  probable  that  none  of  the  poi- 
sonous products  of  the  colon  bacillus  are  alworbed  unchanged  by  the 
healthy  unbroken  mucasa  and  that,  therefore,  the  microorganiiams  are, 
strictly  sptuikiug.  ut  all  times,  outside  of  the  bo<ly  projwr.  Under  these 
circumstances,  no  considerable  process  of  immunixation  would  be  antici- 
pated. It  is  also  possible  that,  whenever  an  infection  with  Bacillus  coli 
docs  occur, the  infecting  organism  is  one  which  has  been  recently  acquired 
from  another  host,  having  no  s{>ecific  adaptation  to  the  infected  body. 
Virulence  may  possibly  be  enhanced  by  inflammatory*  processes  caused  by 
other  organisms.  Considering  the  subject  from  another  point  of  view, 
colon-bacillus  infection  may  possibly  take  place  simply  because  of 
unusual  temporary  reduction  of  the  resistance  of  the  hast.  Whether  or 
not  altered  cultural  conditions  in  the  intestine  may  lead  to  marked 
enhancement  in  the  virulence  of  the  colon  bacilli  cannot  at  present  be 
-decided.  The  opinion  has  been  frequently  advanced,  however,  without 
^adequate  experimental  support. 

Septicemia,  due  to  the  colon  bacillus,  has  been  described  hv  a  hinre 
tumber  of  ol)serverg.  It  is  doubtful,  however,  whether  many  of  these 
icases  represent  an  actual  primary  invasion  of  the  circulation  by  the 
bacilli,  or  whether  their  entrance  was  not  simply  a  secondary  phe- 
juomenon  occurring  during  the  agonal  stages  of  another  condition.  A 
icw  unquestionable  cases,  however,  have  been  reported,  and  there  can 
be  no  doubt  about  the  occurrence  of  the  condition,  although  it  is  prob- 
alily  leas  frequent  than  formerly  suppased.  The  writer  has  ol)served 
it  on  two  occasions  in  cases  during  the  lethal  stages  of  severe  systemic 
disease  due  to  other  causes.  An  extremely  int3resting  group  of  such 
cases  are  those  occurring  in  new-bora  infants,  in  which  generalized 
colon-bacillus  infection  may  load  to  a  fatal  condition  known  as  Winckel'a 
disease  or  hemorrhagic  septicemia^*     Prominent  among  disease  processes 


^Kamen,  Zieglor's  Beitr.,  U,  ISM. 
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to  the  colon  bacillus.     It  has  been  isolated  from 
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Bactihis  coli  frequently  gives  rise  to  (ry^titis  and 

^OCwiMHilIb^  ^  ae«r«Bdin|C  pyonephrosis.     No  other  microorganism,  in 

^x^ueiktly  in  the  urine  as  this  one.     It  may  be  present^ 
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ouppinmtions  due  to  this  bacillus  may  take  place  in  all 
V«H»  «^  %k0  body.  They  are  most  frequently  localized  about  the  anus 
MmA  I^  ytlsfci,  and  are  usually  mild  and  amenable  to  the  simplest 

abet,  liiffc.  of  Difiwit.  Tract,"  N.  Y,  1907. 
wVttM*  M^t.  News,  39,  1891. 
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For  a  consideration  of  the  (lipf-ribution  of  colon  bacilli  in  tho  intestines 
of  human  beings  at  various  ages  and  under  modified  dielar\'  conditions 
the  reader  is  referred  to  the  section  on  the  nornial  flora  of  the  inteKtinjil 
canal 

Poisonous  Products  of  the  Colon  Bacillus.— The  colon  hHfiUns 
belongs  psspp^inlly.  to  thAt  group  of  bacteria  whose  toxic  action  is  snrv 
poRc<i  to  be  due  to  the  pniHonous  stihstiinccs  rnnlainod  within  the 
bocUiac^fJiody.  Culture  filtrates  of  the  colon  bacillus  show  von,'-  little 
toxicity  when  injected  into  animals;  whereas  the  injection  of  dead 
bacilli  produces  symptoms  almost  equal  in  severity  to  these  induced  by 
injection  of  the  live  microorganisms,  ('orroborative  of  the  assumption 
of  this  endotoxic  nature  of  the  colon-bacillus  poison  is  the  fact  tbat^ 
so  far,  no  antitoxic  bodies  have  been  demonstrated  in  scrum  as  resulting 
from  immunization. 

Dead  colon  bacilli  have  a  very  high  t-oxicity  for  rabbitjs  and  sonie 
what  less  for  gniiH^:i  pigs. 

Immunization  with  the  Colon  Bacillus. — The  injection  into  ammals 
of  gradually  increasing  doses  of  living  or  dead  colon  bacilli  ^ives  rise  to 
specific  biictfriolytic.  agglutinating,  and  precipitating  substances. 

The  bacteriolytic  substances  may  be  easily  denionntrated  by  the 
technique  of  .the  Pfeiffer  reaction.  In  vitro  bacteriolysis  is  less  marked 
than  in  the  case  of  some  other  micrtKirgaiiisms  siidi  as  the  cholera  spiril- 
lum or  the  typhoid  bacillus.  Owing  probably  to  the  habitual  presegce 
of  colon  bacilh  in  the  intestinal  tracts  of  animals  and  man.  cnnsi<lcritble 
bacteriolysis  may  occasionally  be  demonstrated  in  the  Benim  of  normal 
individuals. 

Agglutinins  for  the  colon  bacillus  have  often  been  produced  in  the 
sera  of  immunized  animals  in  concentration  sufficient  to  be  active  in 
dilutions  of  1  :  5000  and  over.  The  agglutinins  are  produced  equally 
well  by  the  injection  of  live  cultures  and  of  those  killed  by  heat,  if  the 
.temperature  used  for  sterilization  does  not  exceed  100°  C.  It  is^^ 
&  noticeable  fa<!t  that  the  injection  of  any  specific  race  of  colon  bacilli 
produces,  in  the  immunized  animal,  high  agglutination  values  only  for 
the  individual  culture  used  for  imnumization,  while  other  strains  of 
colon  bacilli,  although  agglutinated  bj--  the  semm  in  higher  dilution 
than  are  paratyphoid  or  typhoid  bacilli,  require  much  higher  concen- 
tration than  dfoea  the  original  strain.  The  subject  has  been  extensively 
Studied  by  a  number  of  observers  and  illustrates  the  extreme  individual 
specificity  of  the  agglutination  i-eaction.     Thus  a  senun  which  will 


Wolff,  Cent,  t  Bakt..  xxv,  1899. 
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agglutinate  its  homologous  strains  in  dilutions  of  one  to  1000  w*ill  oft«n 
fail  to  agglutinate  other  races  of  Bacillus  coli  in  dilutions  of  1  :  500 
or  1  :  600. 

The  normal  serum  of  adult  animals  and  man  will  often  agglutinate 
this  bacillus  in  dilutions  as  high  as  1  :  10  or  1  :  20 — a  phenomenon  pos- 
sibly referable  to  its  habitual  presence  within  the  body.  Corroborating 
this  assumption  is  the  observation  of  Kraus  and  Ldw/*  that  the  serum 
of  new-born  animals  possesses  no  such  agglutinating  powers.  The 
fact  that  agglutinins  for  the  colon  bacillus  are  increased  in  the  serum 
of  patients  convalescing  from  typhoid  fever  or  dj'sentory-  is  probably 
to  be  explained,  partly  by  the  increase  of  the  group  agglutinins  pro- 
duced by  the  specific  infecting  agent,  and  partly  by  the  inva.sion  of 
colon  bacilli,  or  the  absorption  of  its  products  induced  by  the  diseased 
state  of  the  intestinal  mucous  membrane. 

Varieties  of  the  Colon  Bacillus. — During  the  earlier  days  of  bac- 
teriological investigations,  a  large  number  of  distinct  varieties  of  colon 
bacilli  were  described,  many  of  which  may  now  be  dismissed  as  based 
simply  upon  a  temporary  depression  of  one  or  another  cultural  charac- 
teristic of  Bacillus  coli  conuiiunis,  while  others  can  be  definitely  included 
within  other  closely  relate*!,  but  distinct  groups. 

That  secondary-  features,  such  as  dimensions,  motility,  and  luxuri- 
ance of  growth  upon  various  media,  may  be  markedly  altered  by  arti- 
ficial cultivation  is  a  common  obseivation.  It  has  not,  however,  been 
satisfactorily  shown  that  cartlinal  characteristics,  such  as  the  forma^ 
tion  of  indol  from  |Xjpton,  or  the  power  to  produce  gas  from  dextrose 
and  lactose,  can  be  permanently  suppressed  without  actual  injur>'  or 
inhibition  of  the  normal  \'ita]ity  of  the  microorganism.  Such  alter- 
ation is,  in  fact,  contrary  to  experience,  which  demonstrates  that 
whenever  such  changes  do  occur,  they  are  purely  temporary  and  a  feir 
generations  of  cultivation  under  favorable  euvironmental  conditions 
will  regularly  restore  the  organism  to  its  normal  activity. 

Distinct  and  constant  varieties  of  the  Colon  Bacillus  or,  at  least, 
close  biological  relatives  do  occur.  It  is  necessary  t^  consider  the  organ- 
isms afi  a  group  fur  this  nuison,  since,  in  sanitary  work,  it  is  of  the  utmost 
importance  to  recognize  forms  which  should  properly  be  classified  under 
tliis  category.  It  may  be  well,  therefore,  to  reilerate  the  criteria  for 
identification  of  the  group  established  by  the  American  Public  Health 
Association  Committee  on  Standard  Metho<ls  of  Water  Analysis.^* 
This  rejwrt  defines  the  general  characteristics  of  the  gi*oup,  as  follows: 


*  Kraus  und  Low,  Wicn.  kUn.  Woch..  1899. 
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short  hadUus  fonn,  failure  of  ffporp  Jormatian,  facxiUfitive  ana^obiosi4, 
growth  on  qelalin  unthoul  liquefaction  in  fourtetn  Jai/A',  Gram- negative 
stain  and  fermefUaiion  of  dextr^e  and  lactose  with  gas  formation. 
Theu  add  that  there  is  a  positive  reaction  with  escxdin, 

The  orKariisnis  which  arc  plnccil  under  the  Colon  group  in  this  report 
are  the  B.  Coli  communis  described  above,  the  B.  Coli  communior 
of  Durham,  the  B.  aerf>Kenc»9  of  Fischerich,  and  B.  acidi-Iactici  of  HUeppe. 
The  cliief  differciUial  characteristics  are  as  follows: 


Dtrxtroie           Lartoae. 

Sacrbftroso. 

Duldt. 

B.  coli  communiB.                       

B.  (X)li  nommuiiidr. .                   

B.  lact.  aerojcfUM   .                      .... 
B.  l&ot.  Bcidi  . 

+ 

-1- 
+ 

"1! 

Indi\'idual  descriptions  of  these  organisms  follow: 

B.  Cou  CoMMUXioB. — This  organism  first  described  by  D\]rham 
was  called  Communior  by  liim  because  of  his  belief  that  it  was  more 
abundant  in  the  human  and  animal  intestine  than  the  Commujus  type. 
It  possesses  all  the  characteristics  of  the  Colon  group.  It  is  a  Gram- 
negative  bacillus,  motile,  non-sporulating,  and  morphologically  indis- 
tinguishable from  the  Communis  variety.  It  does  not  liquefy  gelatin, 
it  produces  indol  from  pepton,  coagulates  and  acidifies  milk,  and  grows 
characteristically  upon  agar  and  potato.  It  tliffere  from  B.  coli  com- 
munis in  that  it  produces  acid  and  gas  from  saccharose  as  well  as  from 
dextrose  and  lactose,  whereas  the  former  does  not  form  acid  or  gas  from 
saccharose.  Several  varieties  have  \)een  de?crit>ed  by  Melia,  and  by 
Aveo'.  The  Melia  tyira  difTers  from  the  ordinary  variety  in  not  pro- 
ducing indol.    The  Avery  type  did  not  coagulate  milk. 

B.  Lactis  AfeROGENES. — Bacillus  lactis  aei-ogenes  is  the  type  of  a 
group  which  is  closely  similar  to  the  colon  group  and  often  distin- 
gubhed  from  it  with  difficulty.  It  was  first  described  in  1885  by 
Escherich  ''-*  who  isolated  it  from  the  feces  of  infants.  Since  then  it  has 
been  learned  that  tlus  bacillus  is  almost  constajitly  present  in  milk, 
and,  together  with  one  or  two  other  microorganisms,  is  the  chief  cause 
of  t!ie  ordinary-  souring  of  milk.  Apart  from  its  occurrence  in  milk, 
moreover,  the  bacillus  is  widely  distributed  in  nature,  being  found  in 
feces,  in  water,  and  in  sewage. 

"A.  P.  H.  A.  Slandard  Method^  of  Water  AnalyBw.  1915. 


638 


PATHOGENIC  MICKOORGAXISiMS 


It  is  dlstinguiahcyl  from  the  Colon  bacillas  chiefly  b}*  the  fact  that  it 
is  less  motile,  hardly  ever  forms  chains,  and,  when  cyiltivatecl  upon 
guitahle  media,  especially  milk,  it  pos-ses^es  a  distinct  capsule.  It 
differs  fruni  other  forms  ot'  the  Colon  group  in  not  fcrmenjing" 
jjulcitc,  and  diflPers  from  Braci(h-lacficrifrTennentmg"Mirrhflrnjw/  It 
femients  with  yn.s  pnxluetion,  dextro8<?.  lactose.  saccharoBC.  maniijtg 
and  mffinosfL.  It  produces  indol,  reduces  nitrate,  possesaes  either 
no  motility,  or  is  vei-y  slightly  motile.  It  coagulates  milk,  and  when 
growTi  on  milk  or  lactose  bile  it  often  makes  a  stringy  viscous  cult- 
ure.    On  agar  and  gelatin  it  makes  he-avy  white  coloiues  of  a  3omfr 
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what  mucoid  np|x*timnce.  c(»rtAinly  more  mucoid  than  most  colon 
colonies.  lt^d<>i^  nol  hoviefv  g^-lalin.  la  broth  it  causes  general  cloud- 
ing with  later  a  polliele,  anil  a  sour  odor.     It  grows  heavily  on  potato. 

It  '  luaCrobe  :>'   "  -  at  room  teniporature. 

V.I  n  doscnbcM       .       ling  ui>on  minor  cnltural  char- 

actcriffties  which  have  no  particular  importjince  in  this  connection. 

The  pathogrnicity  of  Bacillus  Inctis  a^rogenes  for  man  is  slight. 
Its  chief  claimH  to  im|X)rtance  lie  in  its  milk-coagiilating  properties 
and  its  abnost  n)nsfaiil  presence  in  the  human  intestine.  In  infants,  it 
may  give  rist*  to  Hatidt^nee  and  it  has  l>e«'n  occiisionally  obser\'ed  as  the 
solo  incitat»t  (tf  rvstiti.s.     Among  such  castas  rare  instanres  have  been 
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(observed  in  which  it  hfts  formed  gas  in  the  bladder  (pneumatuna). 
hen  this  occura  the  urinr   is  not  ainmoniacal    but   remains  acid. 

Different  strains  of  this  bacillus  vary  much  in  their  pathoK^nirity 
for  animals.  Wilde  claims  that  it  is  more  pathopenir  for  white  mice  and 
guinea-pigs  than  is  tlie  bacillus  of  Friedlander.  He  speaks  of  it  as  the 
most  virulent  member  of  thin  (rr*>np-  Kraus.  writing  in  Fluegge'a 
"Mikroorganismen,*'  rates  its  pathogenicity  less  high. 

Closely  related  to  this  baeilius,  as  well  as  those  of  the  Friedlander 

»up,  is  an  encapsulated  bacillus  isolated  from  a  case  of  broncho- 
pneumonia by  Mallorj'  an<l  Wright,^^  which  is  strongly  pathogenic  for 
mice,  guinea-pigs,  and  rabbits. 

B.  AciDi-LACTici. — This  organkm,  like  the  others,  is  a  Gram- 
negative,  non-liquefying,  non-sponilnting  bacillus.  Just  like  the  B. 
a^rogenes,  it  has  no  motility.  It  ditYcrs  From  the  Colon  bacilli  nroner 
in  not  fermenting  dulcite.  It  differs  from  the  Lactis  aerogenoH  in 
failing  to  ferment  wtccharose.  IJke  the  I-^ictis  aerogeney,  it  is  non- 
motile.  It  fonns  indol,  reduc^tt  nitrate,  and  coagulates  milk. 
^  IF  is  commonly  present  in  milk  and  may  he  present  in  water.  It  is 
often  found  in  the  intestinal  canal  but  as  far  as  we  know  has  no  patho- 
genic significance. 

Bacillus  Fecaus  Alkaligenes. — ^In  1896  Petnischky^^  descril>ed 
a  bacillus  which  is  a  not  infrequent  inhabitant  of  the  himian  intestine, 
being  found  chieflyin  the  lowerpart  of  the  small  intestine  and  in  the  large 
intestine.  This  organism,  which  he  called  Harillus  fecalis  alkaligenes, 
is  of  Uttle  pathogenic  importance,  although  Neufeld  states  that  he  has 
seen  a  rase  of  severe  gastroenteritis  in  wliich  tlie  wateiy  defecationfi 
contained  this  bacillus  in  almost  pure  culture.  As  a  rule,  however,  this 
organism  cannot  be  regarded  as  pathogenic,  and  is  important  chiefTy 
I>ecause  of  the  ense  with  which  it  may  \^  mistaken  for  Bacillus  tv])hnsus. 

Bacillus  feralis  alkjiligenes  is  an  actively  motile,  (inim-negative 
bacillus,  pfjssessing,  like  ihe  typhoid  ba'IMUi-'.  humorous  pentrnTTM 
flagella.  <?n  ftie  ordinary'-  culture  luciim  it  ^^row^j  lika  the  typhoid 
bacillus.  It  does  not  coagulate  milk.  It  produces  no  Jndol.  and  on 
BUgar  media  w  tennenfntion  tul>es  produces  no  acid  or  gas.  On  potato, 
Its  growth,  while  somewhat  heavier  than  that  of  the  typhoid  bacillus, 
is  not  sufficiently  so  to  permit  easy  differentiation.  It  differs  from 
Bacillus  tvphosusjnjrjiat  it  produces  no  acid  on  any  of  the  sugar  media , 
and  is  tt^f^ryf^^irn  ftv^'iy  ^jitTereiitiated  by  cultivation  mxju  Hiss  serum- 


»MaUory  and  Wright,  Zeit.  f.  Hyg.,  20,  1895. 
'^  Fetruschky,  Cent.   f.  Bakt.,  I,  ixix,  1S96. 
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water  media  or  on  pppton  waters  containing;  sugars.  On  the  Hiss 
semi-solid  tube-medium  Bacillus  fecalis  alkaligenes,  while  clouding 
the  medium  throughout,  grows  most  heavily  on  the  surface,  where, 
eventually,  it  forms  a  pellicle. 

BACILLI  OF  THE  PROTEUS  GROUP 

There  are  a  great  many  other  organisms  which  are  similar  to  the 
Colon  Bacillas  in  general  appearance  and  superficial  morphological  and 
cultural  characteristics,  and  which  are  found  frequently  associated  with 
it  in  feces,  water  and  sewage.  It  will  be  important  for  this  reason  to 
speak  of  them  briefiy.  The  most  important  of  these  is  the  Proteus 
Oyoupr  w^hich  is  shamly  separal>lc  from  the  Colon  and  allied  bacteria 
by  ita  gelatin  h'giiefactioru 

The  bacilli  of  this  group  have  little  pathological  interest,  but  are 
important  because  of  the  freq\iency  with  which  they  are  encountered  in 
routine  bacteriologicai  work.  They  may  confuse  the  inexperienced 
because  of  a  superficial  similarity  to  bacilli  of  the  colon-typhoid  group. 
In  form  they  may  be  short  and  plump  or  long  and  slender,  staining  easily 
with  anilin  dyes  and  decolorizing  with  Gram's  method.  They  are 
actively  motile  and  pofwess  many  flagella.  Indi\iduals  stain  irregularly, 
often  showing  unstained  are^is  near  the  center.  The  so-called  Bacillus 
proteus  vulgaris  described  by  Hauser  —  in  18S5  is  the  type  of  the  gi-oup. 

Bacilli  of  this  gmup  are  widely  distributed,  being  folftid  in  water, 
soil,  air,  and  wherever  putrefaction  takes  place.  In  fact,  proteus  is  one 
of  the  true  putreiactive  bacteria  possessing  the  power  to  cause  the  cleav- 
age of  proteins  into  their  simplest  radicles. 

Bacillus  proteus  vulgaris  grows  best  at  temperatures  at  or  about 
25°  C.  and  develops  upon  the  simplest  media.  It  is  a  facultative 
anaferohe  and  forms  no  s|>ores.  In  broth,  it  produces  rapid  clouding  with 
a  pellicle  and  the  formation  of  a  mucoid  sediment. 

In  gelatin,  the  colonies  are  characteristically  irregular,  giving  the 
name  to  this  group. 

Gelatin  is  Rapidly  Liquefied, — Liquefaction,  however,  is  diminished 
or  even  inhibited  under  anaerobic  conditions. 

On  agar  and  other  solid  media,  as  well  as  upon  gelatin  before  lique- 
faction hai*  taken  place,  characteristic  colonics  are  produced.  From 
the  central  flat,  grayish-white  colony  nucleus,  numerous  irregnlar 
streamers  grow  out  over  the  surrounding  media,  giving  the  colony  a 
stellate  appearance.     On  potato,  it   forms  a  dirty,  yellowish  growth. 

'^Bay^er,  "Ueber  FKulsiss  Bakt., ' *  Leipzig;  1S85. 
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tn  -milk,  there  is  coagulation  and  an  acid  reaction  at  first;  later  thp 
casein  is  redi.-^SDlved  hy  [>n>t(^)lvsis.  ^/ftfffj  ^<^ttH  jg  nftpn  liqnpfipHj 
hill  ""^  *\V  "^^  rp^*^'" 

A  ^vQnt  many  really  dissimilar  bacteria  have  been  descril>ed  under 
the  name  of  Proteus.  The  type  of  the  group  is  the  so-called  Proteus 
vulgaris  (Hau-^er,  1885).  Other  organisms  spoken  of  as  pro^eus  are  the 
Proteus  mirabiliSf  which  differs  in  slower  Relalin  liquefaction  from 
vulgaris,  the  Proteus  Zcnkcri,  which  docs  not  liquefy  Rclntin,  the  Protrus 
8epticu9f  and  the  Bacillus  Zopfit  a  Gram-pofdtive  organism.  A  good 
many  of  these  were  formerly  classified  as  of  Bacieriivm.  iermo.  CUosely 
related  is  the  slow  li<iuefving  organism  known  as  Bacillus  cloaccBt  com- 
mon in  scwaffc. 

There  is  no  (iroup  which  .so  ui^ently  requires  study  as  this,  since 
organisms  bclonjdng  here  are  so  often  found  in  the  hunum  body  and 
human  excreta.  In  urine  we  have  encountered  a  non-gelatin  liquefjing 
Gram-nrgjvtive  bacillus  belonging  to  this  group  which  ha,s  given  us 
much  trouble  in  identification.  As  far  as  we  can  establish  any  general 
characteristics  for  the  group  at  all,  we  may  say  that  they  are  Gram- 
negative,  non-spore-bearing,  motile  bacilli,  which  on  the  surface  of 
gelati n  plate's  show  colonici^  churac t erizci  1  by  sjiread ing  streamers, 
most  of  which  liquefy  gelatin,  a  few  of  which,  howe\'er,  do  not.  AU 
of  them  fennent  dextrose  and  saccharose  vriih  gas,  but  few  of  them 

The  pathogenic  powers  of  proteus  arc  sliglit.  Large  doses  injected 
into  am'mals  may  give  rise  to  localized  abscesses.  In  man  proteua 
infections  have  Ikh^h  describetl  in  the  bladder,  in  most  coses,  however, 
together  with  some  other  microorganism.  The  UrobaciUus  lique- 
faciens  sepNrus  described  by  Krogias  was  a  variety  of  this  group. 
Epidemics^^  of  meat  poisoning  have  been  attributed  to  the  proteus 
family  by  some  observers.  Thus  Wesenberg^^  cultivated  a  proteus 
from^^  putrid  meat  wluch  had  causetl  acute  gastroenteritis  in  sixty- 
throe  individuals.  Similar  epidemics  have  l)een  reported  by  Silber- 
schmidt,2fi  Pfuhl,2«  and  others. 

B.  CloacjE. — This  organism  was  first  described  by  Jordan  and  is 
one  of  the  commonest  of  the  sewage  bacteria.  It  Is  closely  reliited  to 
the  Proteus  organisms,  but  is  less  motile  than  they.  It  coa^^Iates  nrulk, 
and  liquefies  gelatin,  but  its  gelatin  liquefaction  is  not  as  active  as  that 

^SehniUler,  Cent.  f.  Bakt.,  viii,  ISflO. 
«  Wcsctiherp,  Zeit,  f.  Hyp.,  atxviii,  1898. 
^  Stlberschmidt.  Zoit.  f.  Ilyg.,  xxx,  1899. 
"P/tiW,  Zeit.  f.  Hyg.,  xsxv,  1900. 
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of  the  Pioteufi  group.  It  fonns  indol  and  produces  acid  and  gas  on 
dextrose  and  saccharose,  but  one  of  its  chief  characteristics  is  its  slight 
action  on  lactose.  Jordan  states  as  one  of  its  chief  characteriBtic6  the 
relatively  large  proportion  of  CO2  formed  as  compared  with  hydrogen, 
the  ratio  being  in  some  cases  as  liigh  as  5  to  1.  Kendall,  Day  and 
Walker  ^^  have  observed  the  same  tiling.  The  same  investigators 
stat^  that  after  three  daj^*  growth,  even  sugar  broths  become  alkalin, 
owing  to  protein  decomposition. 

Recently  certain  stains  of  Proteus  ha\'e  become  important  because 
of  their  apparently  sptniific  tigglutination  in  T>'phua  Serum  (Weil- 
Felix  Reaction).     Sec  chapter  on  Typhus. 

Were  we  following  a  purely  biological  ortler  of  presentation,  we 
should  now  proceed  to  a  description  of  the  organisms  belonging  to  (he 
so-called  Mucosus  Capsulatus  or  Frie<lliinder  gnnip.  These  bacilli 
are  closely  relateil  to  the  Colon  tj*pe,  more  particularly  to  the  B.  aero- 
genes  variety,  and  have  been  regardeii  by  some  observers,  notably 
Fitzgerald,  ns  perhaps  representing  members  of  the  Colon  group  whicli 
have  acquired  capsulation  and  \'imlonce.  In  practice,  however,  these 
bacteria  are  rarely  encountere^l  under  conditions  where  differentiation 
from  Colon  bacilli  is  necessarj*,  nnfl  their  hoavj-  nmcoid  colonies  and 
capsiilated  morphology'  renders  their  recognition  relatively  easy.  It 
will  bo  better,  therefore,  from  the  point  of  view  of  practical  discussion, 
to  proceed  tlirectly  to  the  study  of  organisms  of  the  typhoid  and  dysen- 
tery' groups,  since  these  arc  the  ones  which  in  medical  and  sanitary 
bacteriology,  are  associated  in  the  human  body,  in  water  and  sewage 
with  members  of  the  Colon  group  and  which,  therefore,  present  the  most 
fi-equent  differential  problems. 

>*  Kendall,  Day  acd  ffalker.  Jour.  Amet.  Cbem.  80c.,  1913,  35. 
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CHAPTER  XXXn 

BACIUJ   OF  TITE  COL0N'.T\"PHOlD-D\'SENTERV  GROUP      iConUtut^ 

THE  BACILLUS  OF  TYPHOID  FEVKB 


(BaciUwf  typhosus,  HiiciiluA  typhi  a^jtiominxdi*) 

TrpHOto  FEVBH,  becaufte  of  it^  wide  distribution  and  almoet  con- 
stant presence  in  most  communities,  haj»  from  the  earliest  days  l>eon  the 
subject  of  much  etiological  inquiry.  A  definite  conception  as  to  its 
infectiousness  and  transmission  from  case  to  ca«  was  formed  as  early 
as  ISSGby  Budd.» 

But  it  was  not  until  1880  that  Ebcrtl^  -  discovered  in  the  spleen  and 
mesenteric  f^lands  of  typhoid-fever  patients  who  had  come  to  autopsy, 
a  bacillus  which  we  now  know  to  l>e  the  cause  of  the  disease.  Final 
proof  of  such  an  etiological  couniHrtion  was  then  brought  by  CiafTky,^ 
who  not  only  saw  the  bacteria  referred  to  by  Eberth,  but  succeeded  in 
obiainiiiz  them  in  piirt*  cult  iireiind  studying  their  growth  characteristics. 

Morphology  and  Staining. — Tlu>  typhoid  bacill"^  i^  «  Klmrt  md 
from  l-3.5v  in  length  with  w  varying  v.idth  of  fruin  .5  to  .Su.  In  appear- 
ance it  has  nothing  absolutely  distinctive  which  could  ser\'e  to  differen- 
tiate it  from  other  bacilli  of  the  typhoid-colon  group,  except  that  it  has 
a  general  tendency  to  greater  slendemeas.  Its  ends  are  rounde<i  without 
ever  tn'ing  clult-shajKKL  Contrary-  to  the  descriptioiL**  of  the  oarljer 
o^^rvers.  typhoid  bacilli  do  not  fonii  ?ipores.  Thfy  arc  actively  motile 
and  have  twelve  or  rtion'  flngdla  tx'ritihcnillv  tirmngfil. 

The  bacilli  stain  readily  with  the  usual  anilin  dyes.  Stained  by 
Gram's  methofl,  they  are  decolorized. 

Cultivation. — Baeilliis  typhosus  is  easily  cultivated  upon  the 
usual  laboratory  media.  It  is  not  delicately  susceptible  to  reaction,  but 
will  grow  well  upon  media  moderately  alkaline  or  acid.  It  is  an  aerobic 
and  facultative  anaerobic  organisn,  when  the  proper  nutriment  is 
present.     Upon  agar  plates  growth  appears  within  eighteen  to  twenty- 


■INnM,  "IntcHtizuil  Fever/'  Unoet.  1856 
*gherOt,  Virch   .\rchiv  ,  81,  IS80,  and  83,  18S1. 
^Gaffi-y,  Mitt  a.  d  kaia.  Oesundh.itsamt .  2,  lliM. 
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FlO.  68. — ^Bacillus  TirpHOSDB,  from  twenty-four-hour  culture  on  agar; 


"Fio.  69. — BAcnxtTS  TTPHOBtra,  nhowing  flageUu.      (After  FrjUtM  and-4^iffor) 
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four  hours  as  smAlI  grayish  colonioB  at  first  transparent,  later  opaque. 
Upon  agar  slants  growth  takes  place  in  a  unifonii  layer.  There  is 
notJiing  charncteristic  about  this  growth  to  aid  in  diffeix'ntiation. 

In  broth,  the  typhoid  haciUus  jo^ws  rapidly,  giving  rise  to  an  even 
clouding,  rarely  to  a  pellicle. 

Upon  gchtin,  the  typhoid  bacillus  grows  readily  and  does  not  liquefy 
the  medium.  In  stabs,  growth  takes  place  along  the  entire  extent 
of  the  slab  and  over  the  surface  of  the  gebtin  in  a  thin  layer.  In  gelatin 
plates  the  growth  may  show  some  differences  from  tliat  of  other  mem- 
bers of  this  group,  and  tliis  medium  was  formerly  much  used  for  isolation 
of  the  bacillus  from  mixed  cultures.    Growth  appears  within  twenty- 


Fio.  70. — StmrACE  Colony  ok  Bacillus  tithobus  on  Gelatin.     (After  Heiin.) 


four  hours  as  small  transparent,  oval,  round,  or  occasionally  leaf-shajied 
colonies  which  are  smaller,  more  delicate,  and  more  transparent  than 
contemporary  colonies  of  the  colon  bacillus.  They  do  not,  however, 
fihow  any  reliable  differential  features  from  bacilli  of  the  dysentery 
group.  As  the  colonies  grow  older  they  grow  heavier,  more  opaque,  and 
lose  much  of  their  early  differential  value. 

Ot^  i^ptnin  thp  gr"^vth  of  typhoid  hacilli  is  distinctive,  and  this  medium 
Was  recQuunended  by  Gaffkv*  in  his  earlv  researches  for  purpo.'jcs  of 
identification.  On  it  typhoid  bacilli,  after  twenty-four  to  forty-eight 
hours,  produce  a  hardly  visible  growth,  evident  to  the  naked  eye  only 

*GaJfky,  loc.  cit. 


($46 


PATHOCIKMC  M ICU0()RGAXISM8 


by  a  slight  moist  ^liHtcMiinK,  an  apix'aram'c  which  \^  in  marketl  contrast 
to  the.  «yrayi^;h-yolln\v  or  cvfii  brown  and  ahundarit  growth  of  colon 
iiacilli..  If  tho  potato  nKH:iiuni  is  rendered  lunitrul  or  alkaline,  this 
distinction  diwippaii-s,  the  typhoid  bucilluj?  growing  more  abuntlantly. 

In  ynilk,  typhoid  bacilli  do  not  produce  coagulation.  In  litnius-nulk, 
ilnring  the  first,  twenty-four  hours,  i\u*  color  is  chan)ge<l  to  a  nnUllsh  or 
violet  tinge  by  the  formation  of  acid  from  the  small  c|uantitioi<  of  mono 
sacchand  present.  liateJ  the  color  becomes  deep  blue  owing  to  the 
tormation  ot  aikajT 

In  Dunham'n  jiepion  solution  no  indol  is  produced.  According  to 
Peekham,  however,  continuous  cultivation  in  ri<'h  pepton  media  may 
lead  to  eventual  indol  formation  by  typhoid  bacilli.  This  fact  has  no 
bearing  on  the  valtie  of  tlie  Indol  test,  aa  indol  is  never  have  foimed 
under  the  usual  <'ulttiral  conditions. 

Tested  for  its  power  to  form  acitl  from  sugars  commonly  used  in 
(^ifTfrpnti.'d  test-M^  tvphuyl  liacilli  form  add,  Imt  no  fla.s-.  on  the  mono- 
saccharuli's,  on  mannit,  tnaUofic  and  dextrin^  and  neither  acid  nor  aas  on 
lacto.se  and  saccharose.      (8<v  Table,  p.  718.) 

In  the  Hiss  tube  medium  (formerly  employed  extensively)  the 
typhoid  Imcillus  within  eiglit<>en  to  twenty-four  liours  phhIuccvS  an  even 
clouding  by  virtue  of  its  motility,  but  does  not  form  gat*.  In  contradis- 
tinction t-o  this,  dysenl4»r\'  liacilli  grow  only  along  the  Hne  of  inocula- 
tion, while  bacilli  of  the  colon  group  move  in  irregular  sky-rocket-like 
figiires  away  from  the  stab,  at  the  same  time  breaking  up  the  medium 
by  the  formation  of  gas-bubl.>les.  Some  actively  motile  colon  bacilli 
cloud  the  medium,  but  the  ruptun?s  caused  by  the  gas  are  always 
evident. 

The  diflferentialion  of  the  tj'phoi*!  bacillus  in  pure  culture  from  similar 
microorganisms  by  me:ins  of  its  growth  upon  media  has  l)een  the  sub- 
ject of  many  investigations.  It  is  neither  practicable  nor  desirable  to 
enumerate  all  the  various  media  wliich  have  been  devised  and  reported. 
The  aim  has  been  chiefly  the  differentiation  of  t>'phoid  bacilU  from  the 
bacilli  of  the  colon  group,  and  most  of  the  media  have  been  devise<l  with 
this  end  in  view.     (See  section  on  Meilia.) 

Ilothberger  "  devised  a  mixture  of  glucose  agar  to  which  is  added 
1  per  cent  of  a  saturated  aqueous  solution  of  jieutral-rcd.  Shake- 
cultures  or  stab-cultures  are  ma<le  in  tubes  of  this  medium.  The  typhoid 
bacillus  causes  uo  changes  in  it,  while  members  of  the  colon  group,  by 

"  liothberfftr,  Cent    f    Bakt ,  xxiv,  1S9S. 
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lotion  of  tho  ncutral-rod,  deoolorine  the  medium  and  produce  gas  by 
'temeutation  of  the  8Ugar. 

Utiliziiifc  the  fact  that  bile-salts  are  precipitated  in  the  presence  of 
adds,  Mac'Conkey  devific<l  a  nie<iiuin  composed  of  sodium  glycocholatc, 
pepton,  lactose,  and  a^sar  (the  coinpoedliun  of  tliis  mciLiuiu  is  Riven  on 
popi  1G4),  in  which  Bacillus  typliosus  grows  without  caiuung  auch 
change,  but  dl<*tinct  clouiUng  results  from  the  growth  of  the  colon 
bacillus  which,  producing  acid  from  tln^  WtoBo.  cuusos  tirccipitulirju  of 
the  biJe-wUts. 

On  Wurtz*8  lactose-litmus-agar  (w^  piiiio  loS)  tlui  typhoid  bacillus 
pnxluce.«  no  acid,  but  eventually  deepens  the  purple  color  to  blue; 
the  colon  bacillus  produces  acid  and  in  stab-cultures  gas  bubbles  and 
tlie  color  changes  to  red. 

In  Bar^iekow's  (see  page  164)  lactose-nutrofie-IitmuB  mixture  the 
typhoid  bacillus  causes  no  change,  while  the  colon  bacillus  produces 
coagulation  and  an  acid  reaction. 

The  dififerontiation  of  the  t^'phoid  bacillus  from  other  aunilar  nrgniji.* 
isms  of  the  typlioid.  dysentery-,  cokm  poup.  is  ha.-^ed  chieHv  on  ^'■rQ\^t-h 
upcjn  difffiviitiid  media  in  whi<'h  the  inahility  of  Hie  typhni'^  Kyi^'i[l^]u 
to  form  acid  or  ^a.s  fruiu  lactose  has  been  the  moyt  commonly  u.^'il  basis 
for  iliffcrentiati<jn.  Various  indicators  to  show  whether  acid  has  been 
formed,  ailded  t,o  such  media  will  sharply  separate  this  organism  from 
the  colon  bacilh  and  their  dose  relatives.  Failure  U)  pro<luce  gas  with 
dextrose,  differentiates  it  from  the  paratyjihoid  group.  The  reader  is 
referred  to  the  differential  tables  given  on  page  687  and  71H,  for  the 
basic  reactions  upon  which  cultural  differentiati'jn  u:  made.  The 
xnedia  most  convenient  for  this  purpose  are,  in  plates,  the  Ccui-adi- 
Drigal.«ki  mediun»,  the  Endo  me<lium,  the  Knmiwiede  brilliant  green 
medium,  or  the  Teagiie  eosinnnethylene-blue  medium,  all  of  which  are 
described  in  the  section  on  media;  and,  in  tube«,  some  of  the  most 
convenient  media  are  the  Hisw  semi-s<»Hd  mentioned  al>ove,  Barsiekow's 
medium,  or  the  Russell  double  sugar  agar.  The  Russell  double  ?iUKar 
agar  is  particularlv  useful  to  give  a  quick  index  of  difTerontiution,  since 
it  contains  both  lactose  and  gh'rttse,  and.  wliprpfiSr  ^he  colon  p:roup  give 
redness  throughout,  and  a  few  p.'is  hnhlilps  thp  tynhoid  gives  no  gas,^ 
red  butt  due  to  its  action  in  the  depths  of  the  stab  on  the  glucose  and 
an  uncolored  surface  prrowth. 

Final   differentiation    is    best    based    upon   specific   agglutination. 


•  Window,  Kliglrr  nud  RothetOKrg,  Jour,  of  Barter..  4,  1919,  426 
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_   _  of  recent  careful  investi- 
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.^j^a  nxMv  trsinfilucent  irregular  colonies 

^m  «•  pttCato.     It  produced  8tron^  and 
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fjphcad  Group. — Recent  work  has  shown 

iircMllunilly  nhke.  there  Ix^ing  two  distinct 

xyker   rapidly,  the  other  slowly.    Since 

it  may  be  necessary  in  the  future 

^n>up  than  of  the  typhoid  bacillus. 

^^uuw^  ^'^  ;\{>i>oid  bacilli  have  recently  been  studied 

V^MMiW^i^^  Kohn  and  Valentine,"  and  by  Morishiina.^ 

•.  .^  iiHH'ulatod  UTsti-ainsof  typhoid  bacilli  into 

'iv*t  29  of  tbeni  produced  acid  within  twenty- 

V         ^  strains  re<|uired  from  five  to  thirteen  days  for 

,    i>f  this  lal>orator>%  obtaineii  rapid  and  slow 

.  .»\HU  A  jiingle  strain  by  repeatedly  fishing  different 

\n  atypical  strain  has  recently  been  described  by 

.  ln»s<>  barillus  agglutinated  in  typhoid  serum  typ- 

*  ■  but  which  gave  positive  indol  i-eaclions. 

rations. — The  typhoid  bacillus  is  an  aerobic  and 

:    oiTganisin  growing  well  l>oth  in  the  pre?sencc  an_d 

^!>-ii  when  L-erttiin  sugars  ;iro  present,  showing  a 

rvor.  for  well  acnitod  conditions.     It  grows  most 

lures  ubout  lH.o^  (.'.,  but  continues  to  grow  within 

.,  ..;i  lying  bctwwn  15^  and  41°  C.     Its  thermal  death 

.  •  Sternl>erg.  is  56°  C.  in  ten  minutes.     It  remains  alive 

.>U  ^xiituft*  for  several  months  or  even  years  if  moisture  is  sup- 

l«  \mivfulty  sealed  ugai'  tubes  Hhs^  found  the  organisms  aUve 

illimrn  wars.    In  natural  waters  it  may  remain  ahve  as  long 

KtiMn  and  Vaitntuu.  Jour,  of  McH   Ilea..  .18.  1018,  80. 
l.x\T,  of  BiwKt  .  Mnrfh.  1021 
'        '  «.  Jotir  ofPlxiM^r  Metl.  24,  1016,55. 
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as  thirty-six  da^-s,  according  to  Klein. '^  In  ice,  acconiing  to  Pnulden,*^ 
it  may  remain  alive  for  tliree  months  or  over.  Agaiunt  the  ordinary 
disinfectants,  the  typhoid  bacillus  is  comparatively  more  resistant 
than  some  other  vegetative  forms.  It  is  killed,  however,  by  1  ;  500 
bichlorid  or  5  per  cent  carbolic  acid  within  five  minutes. 

Pathogenicity. — In  animals,  some  early  investigators  to  the  con- 
trary, typhoidal  infection  does  not  occur  spontaneously  and  artificial 
inoculation  with  the  typhoid  bacillus  does  not  produce  a  disease  anal- 
ogous to  typhoid  fever  in  the  human  being.  Frankel  '^  was  able  to 
proluce  intestinal  lenions  in  puinea-pigs  by  injection  of  the  bacilli  into 
the  duodenum,  and  recovered  the  bacteria  from  the  spleens  of  the  animals 
after  death,  but  the  diseajw*  produced  was  in  no  other  respect  analogous 
to  typhoid  fever  in  the  human  being.  It  is  pn)bable  that  typhoid  bacilli 
injected  into  animals  do  not  multiply  pxt<;'nwiv<^lv  unfl  ih:\\  niost  of  the 
symptoms  produced  are  due  to  the  ixjjsons  Ubonitod  frmn  tttc  dead 
bacteria.  In  rorrobomtion  of  this  view  Ls  the  observation  that  inocu- 
lation with  dead  cultures  is  followed  by  essentially  the  same  train  of 
symptoms  as  inoculation  with  live  cultures.*^  The  injection  of  large 
doses  into  rabbits  or  guinea-pigs  intravenously  or  intraperitoneally  is 
usually  followed  by  a  rapid  drop  in  temperature,  often  by  respiratory 
embaraasment  and  diarrhea.  Occasionally  blood  may  be  present  in 
the  stooLs.  According  to  the  size  of  the  dose  or  the  weight  of  the 
animal,  death  may  ensue  within  a  few  hours,  or,  with  progressive 
emaciation,  after  a  numlx»r  of  daj's,  or  the  animal  may  gradually  recover. 

Welch  and  Blachstein  '^  have  shown  tliat  typhoid  bacilli  injected 
into  the  ear  vein  of  a  rabbit  appear  in  the  bile  and  may  persist  in  the 
gall-bladder  for  weeks.  Doerr,'^  Koch,*®  Morgan,*'  and  more  recently 
Johnston  **  have  all  confirmed  this,  the  last  name<]  showing  that 
the  typhoid  bacillus  could  not  only  remain  latent  for  a  long  time 
in  the  gall-bladder  of  rabbits,  but  would  appear  in  the  blood 
stream  with  considerable  regularity  after  the  seventh  or  ninth  day, 
and  persist  in  the  gall-bladder  for  as   long   as   one   hundred   and 


'"  Kiein.  Merl  Oflfir^re'  Report.  Local  Govern.  Bd.,  London,  18M. 

"/VuddCTi,  Med.  Rec.,  1887. 

"  Frankel,  Cent.  f.  klin.  Metl.,  10,  1886. 

»  Peinuchky,  Zeit.  f.  Hyg.,  xii,  1892. 

'*  Welch  and  Hlachtiein,  Bull   Johns  Hop.  Hc«p.,  ii,  1891. 

»*  Doerr,  renlralbl.  f.  Bakt  .  1905. 

>•  Koch,  Zeitechr.  f.  Hyg..  1909. 

"  \f organ,  Jour,  of  Hyg  ,  1911. 

*^  Johnston,  Jour,  of  Med.  Res.,  xxviij  1912. 
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twenty-five  days.  Gay  and  Claypolc^^  have  been  able  to  pi-oduce 
the  nariier  staUr  in  ralibilH  with  jtrrat.  n»p;ulurity  by  growing  ihe  typhoid 
cuhures  u«eH  for  inoculation  upon  agar  (^ntaining  10  per  cent  defib- 
iinatod  rabbil*«  blood.  Such  ruhurori  ar«  not  as  readily  agglutinated 
by  inununo  stnuni  as  arc  tliose  grown  on  plain  agar,  and  it  may  well  be 
that  they  have  aequired  a  certain  degree  of  resistance  to  the  serum 
untibo<lic.s  which  renders  them  more  competeBt  to  survive  in  the  botly 
of  tlie  rabbit.  (lay  ha^^  used  rabbit^s  inoculated  with  such  cultures  for 
the  dctenninatioTi  of  the  efficacy  of  his  sensitized  vaccines. 

Typical  typlioid  fever  HJinuluting  the  diseaso  in  man  has  not  been 
pro(hi<*<*d  in  any  animals  except  in  chimpanzees,  by  Metchnikoff  and 
Jk»si'cdka,*  who  produced  it  in  comiection  with  tht'ir  exp<'rinientj>  on 
prolcctive  vaccinal Joti.  They  prt)<Iu<*ed  a  disease  almost  Identical 
with  human  typhoid  by  feeding  cultures  to  chimpanzees. 

Tyimk^u*  Fkvkr  i\  Max. — It  is  not  within  the  province  of  a  book  of 
iluH  kind  to  give  an  accurate  clinical  dciiicnption  of  the  disease  as  it 
occurs  in  man  iw  all  its  details.  The  disease  h  one  in  which  a  wide 
rang(*  of  variation  nia\'  occur,  and  in  which  complications  are  various 
and  manifold.  W<*  will,  therefore,  give  only  a  brief  account  of  the 
inf(M*tiou  *w  it  is  relevant  to  l)aeteriok>gical  work.  The  organi8m.s  enter 
by  mouth,  with  f<MMl,  water  or  contact  with  fingers,  direct  or  indirect, 
n»  ile^cribcd  in  the  epitlemioltjgicid  section.  Suljsequently,  the  iirgan- 
inm8,  which  pass  tlirough  tlic  stomach  uninjured,  multiply  in  the  intes- 
tim»,  but  caus<»  no  symptoms  for  anywhere  from  seven  to  fourteen 
day«.  During  this  lime  they  prolmbly  begin  to  proliferate  partly 
within  the  nnicous  membrane  of  the  bowel,  although  thcn^  is  little 
definite  knowle<ig»'  ct«uv*rning  thi.^.  Thes\Tnptoms  of  the  disease 
iwgin  insidiously  by  gradual  malaise,  headaciie.  [oss  ol  a])|)etite.  sleep- 
lo-VtneHs.  and  during  the  first  week  of  the  aclu:il  sign-i  of  infection,  tne 
organising  have  ;  ^     ''^d  or  are  penetrating  into  the  l>Tn- 

phnticx.     At  thi-  ......   ..    celling  of  the  lymphoid  no<hdcs  of  the 

intestine  and  iNyvcr'.-  patches,  and  there  is  a  nuwlerate  c;iU'rrhaI  infiam- 
niHtinri  lif  tbo  imirtm>4  luriiibqou^  At  this  time  too  the  baciUi  enter  the 
biootl  s(p>Iun  and  Ci^\\  )>«>  fminJ  iu  hliwwl  rnlt^ip> 

Though  formerly  n*g"r>lcd  as  primarily  an  intestinal  disease,  the 
diftCttite  is  in  truth  at  this  time  a  bacteriemia,  and  it  is  not  impossible 
thai  the  intestinal  lesions  an*  as  much  due  to  the  action  of  toxic  products 
which  are  exciTtetl  in  part  through  the  intestinal  wall,  as  they  are  due 


»aay  !ina  ClatfpoU,  Arrh.  oT  Inf.  Med.,  Dec.,  1913 

M  Mtichnihyff  mil  Arandiv,  Ann.  de  I'lut,  PwbL,  1011,  25,  103. 
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io  the  tliroct  reaction  caused  in  the  intej^tine  by  local  gi-owth  of  the 
bacilli.  Secondarily,  the  bacilli  appear  aud  can  be  cultivated  from 
the  spleen,  the  liver,  and  can  be  demonstrated  in  the  sinuses  and 
tissues  of  the  lymphatic  and  retroperitoneal  lymph  nodes. 

Typhoid  BaciUi  in  the  Blood  during  the  Disease, — The  investigations 
of  many  workers  have  shown  that  typhoid  bacilli  are  present  in  the 
circulating  blood  of  practically  all  patients  during  the  early  weeks  of  the 
diaease.  Series  of  cases  have  been  studied  by  Cadtellaui,-'  Schottuiul- 
ler^  and  many  others.  More  recently  Coleman  and  Buxton^*'  have 
rri)orted  theii'  i-esearches  upon  123  cases,  and  have  ut  the  same  time 
analyzetl  all  cases  previously  reported.  Their  analysis  of  blocd  cultures 
taken  at  different  t>t.ages  in  the  (hseoee  is  aa  follows 

Of  224  fases  during:  first  week.  89  per  cent  wei-e  positive. 
Of  484  cases  diinng  second  week,  7'A  per  cent  were  positive. 
Of  258  cases  dnrinp  tbird  week,  tW  per  cent  were  poBilive. 
Of  103  cases  durinp  fourth  week,  38  per  cent  were  positivt*. 
Of    58  cases  alter  fourth  week,  20  per  cent  were  positive. 

The  technique  recommended  by  Coleman  and  Buxton  for  obtaining 
blood  culture.s  is  that  recommended  by  Conradi,^^  slightly  modifie<l. 
The  blo<Hl  is  taken  into  flasks  each  containing  about  20  c.c.  of  the 
following  mixture: 

Ox-bikv.  900  p.c. 

Glycerin 100  c.c. 

Feptuu 20  KTunis 

About  3  c.c.  of  bloofl  are  put  into  each  flask.  The  ox-bilc,  besides  pre- 
venting coagulation,  may  possibly  neutralise  the  bactericidal  sub- 
stances present  in  the  drawn  blood.  The  flasks  are  incubated  for  eigh- 
teen to  twenty-four  hours,  at  the  end  of  which  time  streaks  are  made 
upon  plates  of  lactose-lit  mus-agar  and  the  organisms  identified  by 
agglutination  or  by  cultural  tests. 

European  workers  have  generally  preferred  to  make  high  chlution  of 
the  blood  in  flasks  of  bouillon,  small  quantities  of  blood,  1  to  2  c.c, 
being  mixed  with  100  to  150  c.c.  of  nutrient  broth. 

Epstein^*  has  reported  excellent  results  from  mixing  the  blood  in 

"  CfMtellani,  Riforma  medica.  1900. 

^ Schottmullrr,  Dcut.  med  Wocli ,  xxxii,  1900,  iiml  Zeil   f.  Hyg.,  xxxvi,  1901. 

^^Colannn  biuI  BiixUm,  Am.  Jour,  of  Mod.  Sci.,  133,  1907. 

•Tonrw/i,  DfUt.  ihikI.  Woeh..  xxxii,  1906. 

»  Epstein,  Proc.  N.  Y.  Path.  8<Sc.,  N.  S.,  vi,  1900. 
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considerable  concentration  with  2-per-cent  glucose  agar  and  pouring 
pl&tea. 

*'  The  writers  in  hospital  work  have  had  equally  good  results  with  the 
bile  medium  and  with  broth  in  flasks,  rather  less  uniform  but  still  satis- 
factory results  with  the  plating  method.  In  general  it  may  be  said  that 
any  one  of  these  methods  carried  out  with  ri^asonablc  accuracy  may  be 
satisfactorily  employed. 

Typhoid  BdcHU  in  the  StooU. — ^The  examination  of  the  stools  for 
typhoid  bacillus  is  performed  for  diagnostic  purposes  chiefly  in  obscure 
cases.  It  may,  furthermore,  furnish  information  of  great  hygienic 
importance.  Thus  Drigalski  and  Conradi  ^  have  succeeded  in  isolating 
typhoid  baciUi  from  the  stools  of  ambulant  cases  so  mild  that  thev 
were  not  clinically  suspected.  It  is  by  means  of  such  examinjitiops 
that  the  Mocalled  typhoid-curriers  are  detected,  a  problem  which  is 
considered  at  length  in  the  section  deaUng  with  epidemiology.  Such 
ca8<*s  have  been  known  to  harbor  the  bacilli  for  periods  as  long  as 
several  years. 

The  examination  itself  is  fraught  with  difliculties,  owing  to  the  pre- 
ponderating numbers  of  colon  bacilli  found  in  all  feces  and  the  diflS- 
culty  of  isolating  the  tj^phoid  bacilli  from  such  mixtures. 

Reviewing  the  data  collected  by  a  number  of  investigators,  it 
seems  probable  that  the  bacilli  do  not  appear  in  the  stools,  at  least 
in  numbers  sufficient  for  recognition,  much  before  the  middle  of  the 
second  week,  or,  in  other  words,  as  pointed  out  by  Hiss,  alwut  the 
time  that  the  intestinal  lesions  are  well  advance*!  and  ulceration  is 
occurring.  Thus  Wiltschour^  could  not  determine  their  presence 
before  the  tenth  day;  Redtenbacher,  ^  in  reviewing  the  statistics,  states 
that  in  a  majority  of  cases  the  l>acilli  first  appear  toward  the  end  of  the 
seccmd  week,  and  Horton-Smith^^  could  not  find  the  bacilli  Iwfore  the 
eleventh  day.  Hisa/"  in  an  investigation  of  the  same  subject,  obtained 
the  following  results: 

First  to  tenth  day,  inclusive,  twenty-eight  cases  examined;  typhoid 
bacilli  isolatwi  from  three;  percentage  of  positive  cases  10.7  f>er  cent. 

Eleventh  to  twentieth  day,  inclusive,  forty-four  cases  examined; 
typhoid  baciUi  from  twenty-two;  percentage  of  positive  cases  50  per 
cent. 

»  DrigaUki  and  Conradi,  Zeil.  f.  Hyg.,  xxxix,  1902. 

»  WitUi4Mtir,  Cent   f  Bakt.,  1890. 

»  n^dtenbtKher,  Zeit   f.  klin.  Med.,  xix,  1891. 

«  HorUmSmith,  Lancet,  May,  1890. 
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TwcDty-first  day  to  convalescence,  sixteen  cases  examined;  typhoid 
icilli  isolated  from  thirtPen;  pcrccntag:e  of  positive  cases  81.2  i>er  cent. 

Stool   Examination   and   Method    of    Typhoid    Oarrier    Detection. — 

'ecal   carriers   of   typhoid   baciJli    may    be   detected   by   cultural   mctboda 

iplied  either  to  specuui'Ds  of  feces  ur  tu  duodenul  cuutiMitd,  obtained  by 

tube  passed  through  the  stomach  into  tb«  duodenum.    The  simplest  method, 

}i  couri»e,  is  dinnrt  cxamijiatioo  of  the  fecw*.     Tlie  duodenal  lube,  however, 

'ill  probably  be  used  considerably  in  the  future,  since  in  some  cases  it  may 

positive  when  stool  cultures  are  negative.    As  a  matter  of  fact,  in  the  bands 

of  Garbat^*  and  Nichols,"  the  duodenal  method  seems  to  have  given  more 

iregular  results  than  the  stool  method. 

Stool  Kxaminations. — Stool  material  for  typhoid  examination  should  be 
[^resh.  Preserving:  stools  for  as  long  as  twelve  hours  will  diminish  positive 
kjpudiiigs  by  5U  per  cent.  If  lar^e  niimlxTs  are  to  be  exnmint^d.  it  is 
i|l  good  plan  to  give  mild,  saline  cathartics  in  tbe  moi7iin»r.  so  that  all 
■Specimens  can  be  collected  at  about  the  same  time.  It  is  best  to  collect 
'specimens  by  cotton  swabs,  on  swab  sticks  tl^rust  into  tubes  in  which  there 
tlpre  a  few  drops  of  salt  solution  to  prevent  drying.  We  hai'e  found  that 
ital  swabbing,  if  properly  cumed  out,  may  be  a  valuable  method  of  collect- 
material.  If  it  is  absolutely  neeeasary  to  ahi])  stools  some  distance,  the 
liddition  of  20  per  cent  iclycerin  is  of  advantage. 

A  tiusnensmn  of  about  one  part  of  i'ccea  to  twenty-five  parts  of  salt 
gphitlnn  lit  miiH.^,  thorciiiylilv  pmulaifled.  and  allowed  to  stand  to  allow  Lbe 
large  particles  to  settle.  With  this  material,  surface  smears  are  made  with 
a  g:lass  rod  upon  plates  of  either  Robinson  and  Kettger's  roodiHcation  of 
Endo's  medium,  or  Krumwiede's  brilliant  jji-een  mcdiumr  as  described  in  tlie 
section  on  media.  It  is  of  advantage  to  use  the  lar^  plates.  A  bent  glass 
rod  is  dipped  into  tbe  emulsion  and  rubbed  over  tlie  snri'ace  of  a  pinte, 
beginning  in  the  center,  Dy  passing  in  concentric  circles  so  that  the  entire 
plate  is  gently  smeared.  A  second  plate  is  inoculated  in  the  same  way, 
without  rcdipping.  It  is  sometimes  well  to  make  similar  plates  with  a  1:5 
dilution  of  the  original  suspension. 

Plates  for  this  purpose  should  be  poured  and  allowed  to  dry  on  a  laboratory 
desk  for  a  few  hours  before  use,  and  should  be  kept  in  the  dark  if  Kudo's 
tnedium  is  used.  Great  care  in  the  accurate  production  and  testing  out  o£ 
the  media,  should  bo  taken  as  indicated  in  the  section  describing  these  media* 
The  plates  should  either  be  inverted  in  the  incubator,  or  else  earthen-ware 
covers  should  be  used.  Large  pieces  of  blotting  paper  inserted  under  the 
lid  serve  the  same  purpose. 

'^GitTbat,  The  Typhoid  Carrier  Problem,  Monographs  of  the  Rook  Inat.,  in  press. 
•* Nichols    H.  J.,  Jour.   Exp,   Med.,  xxiv,    1916,   497;   Jour,   of  A.  M.   A., 
Izviii,  1917,  058. 
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After  eighteen  hours  ^owth,  the  plates  should  be  examined  for  typical 
colonies.  Suspicious  colonies  should  be  imiuediaiely  inoculated  upon  tuboR 
of  Itut>sell  duuble-sugar  updium.  Slide  a};^lutinations  apiinst  1:100  dilution 
of  a  high  titer  stock  typhoid  nutisemin  sfauuld  be  made  for  preliminary 
identitication  from  snapicious  colonics,  of  course  together  with  morphological 
determinatioD  by  smear  and  stain. 

Much  iul'ormatioii  can  be  obtained  after  twelve  more  hours,  by  observa- 
tions of  the  growth  in  the  Kusscll  double-su^nr  niodium.  From  this  tube, 
then,  the  growth  can  be  emulsified  in  salt  solution,  end  macroscopic  agglu- 
tinations set  up.  This  usually  is  sufficient  to  identify  the  organism,  but  it  is 
always  well  to  set  up  a  few  supar  fermentation  tubes. 

Duodenal  eraminations  arc  made  by  means  of  the  Kinliom  duodenal  tube, 
which  ia  sterilized  by  boiling,  and  given  to  the  patient  the  evening  befon? 
the  examination  is  to  be  made,  about  three  hours  after  the  last  meal.  We 
lake  our  description  chiefly  from  Gurbat  who  has  had  considerable  experience 
with  this  method.  The  patient,  properly  instnicted,  swallows  the  tube  without 
gngg^UK)  '*''*h  1'"*^r  ""^  r>.trtir^,B  if  throughout  the  night.  On  the  following 
morning  it  h/^-^  nsunlly  passed  into  the  duodenum,  and  bile  can  ho  aspiratetl 
with  a  sterile  20  c.c.  Luer  syringe.  Suclion  must  usually  be  exerted,  and 
Garbat  recommends  a  well  fitting  syrin^^c  because  such  suction  nmst  often 
.be  strong.  In  about  5  per  cent  of  Qarbat's  cases  the  tube  remained  in  the 
stomach  and  more  diflieulty  was  exi>erienced  with  the  lest.  Wlien  there  is 
difliculty  in  obtaining  sutlicient  bile,  the  patient  is  made  to  sit  up  in  bed 
with  his  hp;^d  bent  forward^  pressing  upward  on  the  abdomen  with  the  palma 
qt  }jjp  liamls.  Sf'"'"^i'^i»a  *^"  'Titw  nf  hjlc  ean  ^y  stimulated  bv  a  ct,dd  drink. 
The  bile  is  handled  bactmologicatlv  on  Endo  plates. 

Typhoid  Bacilli  in  the  Urine. — Careful  investigation  has  revealed 
typhoid  bacilli  in  the  urine  in  about  25  per  cent  of  all  pntients.  Neu- 
mann ^  discovered  the  bacilli  in  eleven  out  of  forty-six  and  Karlinsky  ^ 
in  twenty-one  out  of  forty-four  cases.  Investigations  by  Pctruschy,^* 
Richardson,^*'  Horton-Sniith,^^  Hiss,^®  and  others  have  continued  these 
re,sult5.  In  general  the  bacilli  have  not  been  found  before  the  fifteenth 
day  of  the  disease,  and  examination  of  the  urine,  therefore,  can  be  of 
little  early  diagnostic  value.  A  scries  of  seventy-five  cases  examined 
by  Hiss  befo!*e  the  fourteenth  day  of  the  disease  did  not  once  reveal 
typhoid  bacilli  in  the  urine.     On  the  other  hand,  they  have  been  found 


**  Neumann,  Berl.  klm.  Woch..  xxvii,  1890. 
»«  KnrlinAh/,  Prag  med   Woch  ,  xv.  1890. 
»PetTu$chy,  C*Dt.  f.  Hyg  ,  xxiii,  1898. 
^  iHehardsim,  Jour  Exp  Med  ,  :t.  1898. 
"  HorUm^mUh,  TAUcet,  May,  1809. 
»HUa,  Med  News,  May,  1901. 
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to  be  present  for  weeks,  months,  and,  in  iHolated  cases,  for  years  after 
convalescence,  the  examination  thus  having  much  hygienic  importance. 
They  are  probably  present  in  about  12  per  cent  of  coses  during  the  early 
days  of  convalescence.  In  most  of  these,  albumin  is  pre€<'nt  in  the 
urine  in  considerable  quantities.  The  bacilli  usually  apjx^ar  and  dis- 
appear with  the  albuminuria. 

An  obstinate  cj*stitis  caused  by  typhoid  bacilli  may  follow  in  the 
path  of  t>'phoid  fever.  Such  cases  have  t.>een  reporto<I  by  Blumer,^^ 
Richardson,^**  and  others.  Huj>purativc  processes  in  the  kidneys  are 
less  frefiucnt.  It  is  noteworthy,  also,  that  in  the  course  of,  and  fol- 
lowing, typhoid  fever  Bacillus  coli  is  often  present  in  the  urine.  This 
may  obstinately  persist  for  considerable  perimls  after  convalescence. 

For  exatuination  of  the  urine  for  typhoid  bacilli,  specimens  should  he 
taken  with  aseptic  precautions  and  planted  directly  into  ecjual  volumes 
of  broth.  Direct  plates  on  Endo  can  also  be  made,  or  had  better  be 
made  at  the  same  time.  It  is  relatively  easy  under  such  circumstances 
to  obtain  the  organism  if  present. 

Typhoid  Bacilli  in  the  Rose  Spots. — Neufeld  *^  obtained  po.sitive 
results  in  thirteen  out  of  fourteen  cases.  According  to  his  researches 
and  those  of  Friinkel,"**'  the  baciUi  are  locahzed  not  in  the  blood,  which  is 
taken  when  the  rose  spots  are  incised,  but  are  crowded  in  large  numbers 
within  the  lymph  spaces. 

Typhoid  Bacilli  in  the  tSputum. — ^In  rare  cases  typhoid  bacilli  have 
been  found  in  the  sputum  of  cases  complicated  by  bronchitis,  broncho- 
pneumonia, and  pleurisy.  .Such  ctisGS  have  been  reported  by  Chante- 
mes.se  and  Widal.*'*  Frankel,'*"*  and  a  number  of  others.  Empyemia, 
when  it  occurs  in  connection  with  such  cases,  is  usually  accon»panied  by  a 
mixed  infection.  From  a  hygienic  point  of  view  the  spread  of  typhoid 
fever  by  means  of  the  sputum  is  probably  of  rare  occurrence. 

Suppurative  Legions  Due  to  Typhoid  Bacillus. — In  the  course  of 
typhoid  convalescence  or  during  the  latter  weeks  of  the  disejise,  sup- 
purative lesions  may  oceur  in  various  parts  of  the  body.  The  most 
frequent  locahzation  of  these  is  in  the  periosteum,  especially  on  the  long 
bones,  and  iu  the  joints.    A  considerable  number  of  such  lesions  have 


'^  Blunter,  Johns  Hopk.  Hosp.  Rep.,  5,  1885. 

"  Richardnon,  loc.  cit. 

«»  Seinfeld,  Zeit.  f .  Hyg..  xxx.  1899. 

"Frdnkel,  Zeit.  f.  Hyg,  xxxiv.  1009. 

*^  ChanteiruJise  and  Widaly  Arch,  de  physiol.  norm,  et  palh.,.lK87. 

**  Frdnkel,  Deut   med.  Woch  ,  xv  and  xvi,  lKfl9 
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Rklittnfeon,*  and  others.    They  usually  take 
often  located  upon  the  tibia,  occurring 
or  months  after  convalescence,  and  are  char- 
pain.     Osteouiyelitis  nmy  also  occur,   but  is 
Subcutaneous  abscesses  and  deep  abscesses  in  the 
bactllus,  have  been  described  by  Pratt.'*-'*    Synovitis 

ioe  U}  the  tj'phoid  baeiUuSj  occurs  occasionally,  usually 
^Jll1■'•<  -  »va>ttfCM>ce  from  tyx)hoid  fever.  A  case  of  primary  typhoid 
UfeuMiU^mia^  hMB  be<ii  rt^porte<l  by  Famet.^*^ 

Ihlc^t—wJ  mheMia^es,  due  to  the  typhoid  bacillus,  have  been  reported. 
Tfce  wfiMr*^  has  reported  a  case  in  which  typhoid  bacilh  were  found  free 
^  Ite  p««ilone«Ll  ea%-ity  during  typhoid  fever  without  perforation  of  the 


*  instances  of  typhoid  bacilh  in  abscesses  of  the  thyroid  and 
l^tt..  ,,r.  ....a>Js  and  in  brain  abscesses  liave  been  obsei-ved. 

T^ftMd  fVrw  without  Intesiiiial  IjeMon^. — A  number  of  case-s  have 
been  rvportwl  in  which  t^-phoid  bacilli  have  l>een  isolated  from  the 
orx^«?«  after  deatli  or  from  the  secretions  duriniE  life  of  patients  in  whom 
Ihe  chanictoristic  lesions  of  typhoid  fever  have  l>een  lacking.  Moat 
of  thec>e  cases  m\i8t  be  regarded  as  true  typhoid  septicemias.  In  some 
i*&Mw  \\\v  bacilli  were  isolated  from  the  spleen,  hver,  or  kidneys;  in 
i»ther>»,  fror»i  the  urine  or  the  gall-bhid<ier.  In  a  case  observed  by 
Ziivw»r  the  Imcdli  were  isolatetl  from  an  infarct  of  the  kidney  removed 
by  operation.  In  tliis  case  the  clinical  oouree  of  the  disease  liad  pointed 
only  lt>wanl  the  existence  of  an  indefinite  fever  accompanied  by  symp- 
toms rcfenible  to  the  kidneys.  The  Widal  test,  however,  was  positive. 
A  s\inunary  of  such  cases,  togethei'  with  several  personally  observed, 
haj*  Ihhmi  (civen  by  Flexner.** 

Poisons  of  the  Typhoid  Bacillus — Investigation  of  the  toxic 
prtHlui'ts  of  the  typhoid  bacillus  has  occupied  the  attention  of  a  large 
number  of  workers.  The  first  to  do  experimental  work  upon  the  sub- 
ject was  IJrieger*^  soon  after  the  discover^'  and  cultivation  of  the 
bacillus.  That  toxic  substances  can  be  obtained  from  typhoid  cultures 
is  beyond  question.     There  is,  however,  a  definite  difference  of  opinion 

•  Richard40n,  Jour.  Boston  i^.  Med.  Sci.,  5,  1900 
«  F'mit,  Jour.  Boston  Soc.  Med.  8ci.,  3,  1899 

•  Ftirnri,  Hull,  de  U  aoc  mM  des  bAp.  de  P.,  3,  1891. 
•*  ZtM^rr,  Vrttc.  N  Y   Puth  Soc  .  1907. 

•  Flrj^urr,  Johns  Hopk  Rep  .  6,  1896. 
••  Brit^r,  Deiit.  mwl.  Woch.,  xxvii,  U  » 
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ar  td  whether  thwe  poison?  arc  so-called  endotoxins  only,  or  whether 
they  are  in  tmrr  C()tnpos<^d  6r  A6U1M6  toxins  ooinparai>h>  to  ttn>se  of 
diphtfieria  and  tetanus,  following  the  injection  of  which  antitoxic  pub- 
stancea  may  be  formed. 

The  e\'idence  so  far  seems  to  bear  out  the  orif^inal  contention  of 
Pfeiffer.^^  who  first  advanced  the  opinion  that  the  poifionous  substances 
are  products  of  the  bacterial  body  set  free  by  dewtructinn  of  the  bacteria 
by  the  lytic  substances  of  the  invacJod  animal  or  huinan  being.  Thepc 
poisons,  when  injected  into  animals  for  purponeK  of  iinmunizatioHj  in 
PfeifTer's  avix^riments,  did  not  incite  the  production  of  neuti-aliziner  or 
antitoxic  bodies,  but  of  bactericidal  and  lytic  substances.  Tiuit  these 
endotoxins  constitute  by  far  the  preater  part  of  the  toxic  products  of 
the  typhoid  bacillus  can  be  easily  demonstrated  in  the  lalx>rator>*.  by 
the  simple  experiment  of  filtering  a  young  typhoid  culture  (eight  or 
nine  days  old)  and  injecting  into  separate  animals  the  i*esidue  of  bacilli 
and  the  clear  filtrate  respectively.  In  such  an  experiment  there  will  be 
little  question  as  to  the  overwhelmingly  greater  toxicity  of  the  bacillarj' 
bodies  as  compared  with  that  of  the  culture  filtrate.  On  the  other 
hand,  if  such  cultures,  especially  in  alkaline  media,  are  allowed  to 
stand  for  several  months  and  the  bacilli  thus  thoroughly  extracted  by 
the  broth,  the  toxicity  of  the  filtrate  is  found  to  be  greatly  increawd. 

Nevertheless,  more  recent  experiments  by  Besrcflka,-^^  Macfadyt  n/''^ 
Kraus  and  St^'nitzer.^  and  others  have  tended  to  sliow  that,  together 
with  such  endotoxic  substances,  typhoid  bacilli  may  produce  a  true  toxin 
which  Ls  not  only  obtainable  by  projier  methods  from  comp»aratively 
young  typhoid  cultures,  but  wliich  fulfills  the  necessary  requirement 
of  this  class  of  poisons  by  producing  in  treated  animals  a  true  antitoxic 
neutralising  l>ody. 

The  tyjihoid  endotoxins  may  be  obtained  by  a  variety  of  methods. 
Hahn  ^  has  obtained  what  he  calb  "  typhoplasmin  "  by  subjecting  them 
to  a  pressure  of  about  four  hundred  atmospheres  in  a  Buchner  press. 
The  cell  juices  so  obtained  are  cleared  by  filtration.  Macfadyen  has 
obtained  typhoid  endotoxins  by  triturating  the  bacilli  after  freerang 


^Pfetffer,  Deut  med.  Woch..  xlviii,  1894;  Pftiffer  imd  Koik^  Zeit.  f  Hyg..  xxi, 
1896. 

"  Bt^edka,  Ann.  de  linst.  Pasteur.  1895,  1896. 

^^  Macfadym  and  Rowland,  Cent  f.  Bakt..  I,  xxx,  1901;  Macfadyen^  Cent.  f. 
Bakt.  I,  1906.  ^ 

*"  Krafts  und  Stenitzer.  Quot4^  from  "Handb.  d.  Tech.,"  ot<.,  1,  Fiiwhcr,  Jena, 
19OT. 

"  Hahn,  MUnch.  med.  Woch  ,  xxiii,  1906. 
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them  with  liquid  air  and  extracting  in  1  :  1000  potassium  hydrate. 
Beiiredka  obtAineil  toxic  substances  by  emulsifying  agar  cultures  of 
bacilli  in  salt  solution,  sterilizing  them  by  heating  to  60°  C.  for  about 
one  hour,  and  drying  in  vacuo.  The  drie<l  bacillary  mass  was  then 
ground  in  a  mortar  and  washed  in  sterile  salt  solution  which  was  again 
heated  to  60°  C.  for  two  hours.  The  renuianta  of  the  batrterial  bodies 
settle  out  and  the  slightly  turbid  supernatant  fluid  contanis  the  toxic 
substances. 

Vaughan  ^  has  obtained  poisons  from  typhoid  bacilli  by  extracting 
at  78*  C.  with  a  2-per-cent  solution  of  sodium  hydrate  in  absolute 
alcohol.  In  this  way  he  claims  to  separate  by  hydrolysis  a  poisonous 
and  a  non-poisonous  fraction.  He  claims,  moreover,  that  this  poison- 
ous fraction  is  similar  to  the  poisons  obtained  in  the  same  way  from 
Bacillus  coLi  and  the  tubercle  bacillus,  and  other  protein  substances, 
beheving  that  the  specific  nature  of  such  proteids  depends  upon  the 
non-toxic  fraction. 

A  simple  method  of  obtaining  toxins  from  typhoid  bacilli  is  carried 
out  by  cultivating  the  microorganisms  in  meat-infusion  broth,  rendered 
alkaUne  with  sodium  hydrate  to  the  extent  of  about  1  per  cent.  The 
cultures  are  allowe<l  to  grow  for  two  or  three  weeks  and  then  sterilized 
by  heuting  to  60'^  C.  for  one  hour,  and  allowed  to  stand  for  three  or 
four  weeks  at  room  temperature.  At  the  end  of  this  time  the  cultures 
may  he  'filtered  through  a  Berkefeld  or  Pasteur-Chamberland  filter 
and  will  be  found  to  contain  strong  t^xic  sul^stances. 

The  accoimts  concerning  the  thermostability  of  the  various  toxins 
obtained  are  considerably  at  variance.  In  general,  corresponding  with 
other  endotoxins,  observers  agree  in  considering  them  moderately 
resistant  to  heat,  rarely  being  destroyed  at  tem]>ei*atmx»s  below  70°  C. 
We  have  ourselves  often  boiled  typhoid  8usi)enHion3  without  destroying 
their  toxicity  for  guinea  pigs. 

Intravenous  inoculation  of  rabbits  with  typhoid  endotoxins,  if  in 
sufficient  quantity,  produce^?,  usually  within  a  few  hours,  a  very  marked 
drop  in  tempemtuw,  diarrhea.  respirator>'  embarrassment,  and  death. 
If  given  in  smaller  dosta  or  by  other  methods  of  inoculation — sub- 
cutaneous or  intraperitoneal — rabbits  are  rendered  extremely  ill,  with  a 
primary  drop  in  tem[)erature,  but  may  live  for  a  week  or  ten  days 
and  die  with  marked  progressive  emaciation,  or  may  survive.  Guinea- 
pigs  and  mice  are  susceptible  to  the  endotoxins,  though  somewhat 
less  10  than  rabbits. 

In  unpublished  experiments  we  have  perfused  the  isolatiMl  guinea 
pig  lieart  with  typhoid  extracts  for  prolonged  perio<l»  without  killing  it^ 
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showing  that  the  poison  rloos  not  act  u|K>n  tho  normal  hoart  mnsrl<* 
directly. 

Zinsser,  Parker  and  Kuttner***  have  recently  shown  that  in  l»i"oth 
culturefi  of  the  tj7)hoid  )>aci]Ius  as  young  as  five  to  six  hours,  a  mildly 
toxic  substance  is  formed  which  can  be  recovered  in  filtratt»s,  and  which, 
injected  into  rabbits  intravenously,  ^i\Qs  rise  to  definite  symptoms, 
after  an  incubation  time  of  an  hour  or  more.  This  Kiibstance  i8  not 
specific  in  that  it  is  fonncd  b>'  many  other  different  bacteria  similarly 
grown,  and  is  not  antigenic  in  all  probability.  It  can  also  be  obtained 
by  washing  young  agar  growths  repeatedly  in  salt  solution,  and  filter- 
ing. Whether  or  not  this  substance  plays  a  part  in  the  disease  cannot 
be  stated  at  the  present  time. 

IMMUNITY    AND    ANTIBODIES 

Animals  may  be  actively  immuni7.fhl  by  thp  injrrfinn  of  lyphnid 
bacilli  in  gradually  increii.sin^  doses.  In  actual  practice,  thite  w  l^cst 
accomplished  by  beginning  with  an  injection  of  about  1  c.c.  of  liroth 
culture  heated  for  ten  minutes  at  (»0°  in  order  to  kill  the  t>acilli.  After 
five  or  six  days,  a  second  injection  of  a  larger  dose  of  dead  bacilli  is 
administered;  at  similar  inter\als,  grmlually  increasing  doses  of  dead 
bacilli  are  given  and  finally  considerable  quantities  of  a  living  and  fully 
virulent  culture  may  be  injected  without  serious  eonsoquenres  Ui  the 
animal.  While  this  method  is  convenient  and  usually  successful,  it 
is  also  possible  to  obtain  satisfactor>'  immunization  by  beginning  with 
veiy  small  doses  of  living  microorganisms,  according  to  the  early 
method  of  Chantemesse  and  Widal,'*  and  others. 

Such  active  immunization,  successfully  carried  out  upon  rabbits  and 
guinea-pigs,  within  a  short  time  aft<*r  the  discovery  of  the  typhoid  bacil- 
lus, was  belie\'e<^l  to  dei>end  u|>on  the  development  of  antitoxic  sub- 
stances in  immunized  animals.  This  point  of  view,  however,  was  not 
long  tenable,  and  was  definitely  di.sproven  by  the  investigations  of 
Pfeiffer  and  Knlle  ^'^  in  1896.  These  investigators,  as  well  as  a  large 
number  of  others  working  subsequently,  have  shown  that  there  are 
present  in  the  blood  serum  of  typhoid-immune  animals  and  human 
beings,  bacteriolytic,  bactericidal,  and  agglutinating  substances,  and 
to  a  lesser  extent,  precipitating  and  opsonic  bodies  but  no  true  anti- 
toxins. 

*  Zt'iuMfT,  Parker  and  Kultricr,  Proc.  of  the  Sop  Exppr.  Med.  and  Biol.,  MettuiR. 
Nov..  1920. 

**  Chnntemejuif  Mui  WvLil,  Ann   do  I'infll    Pastnir,  ISffi 
"  Fft-i^cr  mid  KUle,  Zvit .  f.  Hyg..  xxi.  iSWi. 
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cf  tjCTihoid  fgver  nrotectP  against  8u]>Bequent  infection. 
.■Wcumte  iMaiwtK»  upon  the  matter  have  been  diflicult   to  obtain^ 
iatOMm  of  the  disease  are  apt  to  be  indefinitr,  and 
proper  differentiation  was  made  between  true  typhoid 
f^viir  fluid  Ihe  p&mtyphoid  group.     However,  taking  into  confederation 
-  •   "  '  *  error,  the  estiniations  made  by  various;  cliniciann 

iu'  subjerl,  indii^atc  that  a  yeeond  attack  of  tj'phoid 
t¥V«c  uccui»  w  Dot  more  than  from  OJ  to  4  per  cent  of  all  cases.  Two 
Uk  4  IffNT  c«ftt  icpiewttt^  a  fair  avera^  of  all  ei^tiniatesi  made.  When 
lyi^fcflM  liiv«w  WtoM  occur  for  the  second  time,  it  19  usually  of  a  milder 
^XP»  iklM  the  tiisl  attack,  though,  according  to  V.  Vaughan,  Jr.,  this 
w*  ih4  ahniN-?*  the  oai>e> 

l.^mtUktinK  HniiUxlics  disappetir  from  the  tj-phoid  convalescent 
viHim)^  within  the  first  seven  months  after  recovery.  Pcmianent 
UfeUttlMUty  CfiiiMol,  therefore,  be  explained  upon  the  basis  of  scrum  nnti- 
bodiim.  'llie  ultiuuito  cause  for  permanent  immunity,  in  all  diseaseA 
m  whkch  it  oocun*.  must  l>e  regarded  as  depending  upon  the  physiological 
M.unoly.  the  tissue  cell.  It  is  likely  that  indinduals  who  liave 
I  (hrougli  an  infivtion  of  this  nature,  thereafter  retam  a  capacity 
lu  rvAet  iuon>  rapitUy  and  effectively  to  small  quantities  of  introduced 
tlftli|pQUs  A  ciMic  iu  |x>int  is  the  well-known  experiment  of  Wassemiann, 
who  faimumiaiid  n  number  of  rabbits  to  typhoid  bacilli  until  a  highly 
iMIKhltinin  titer  waa  produced.  He  kept  these  rabbita  until  their  blood 
hud  tvlurnoil  to  normal  and  no  agglutinins  could  be  found.  Subse- 
queiul>*  he  ivinocidatrtl  them  with  typhoid  bacilli,  at  the  same  time 
RtviiiK  a  tuunbcr  of  normal  control  rabbita  similar  injections.  The 
pn>viiHHl>'  tHvaleii  rabbits  responded  with  a  rapid  and  powerful  an(i- 
iMxIy  punhirtion  in  contrast  to  the  slower  antib^xly  curve  of  those  that 
ImiI  n^coivt^l  the  tj^ihoid  antigen  for  tJie  first  tiSne.  Recent  ob8er\'a- 
tkniH  l>y  .Mooii  on  revaccination  of  previou.'^Iy  vaccinateil  people,  have 
fiN-^^u  nnalogouH  results;  and  it  appeal's  from  this  that  a  pt-rsou,  once 
iininuniseil,  w  ca|.»able  of  reacting  with  much  greater  prouiptness  than 
a  nonnal  intlividnal.     t^ur  own  idea  would  Im?  somewhat  as  follows: 

WIm'U  llic  typhoiti  l>acillus  enters  the  bowel  of  the  infected  subject 
it  U'giuj*  to  proliferate  and  gradually  enters  into  the  lymphatic  system. 
As  a  iMUMMiuenct*.  a  small  aiuount  of  antigen  is  gradually  introduced 
into  the  ciivuhuion,  ivuelies  the  cells  and  stimulates  antibody  protluc- 
tion.  In  the  normal  individual  this  reaction  is  a  slow  one,  and  the 
typhoid  bacilli  multiply  with  a  ^pood  disproportionate  to  the  appearance 
of  nntibcMlics.  In  the  previously  immunized  individual  or  in  the  person 
who  has  Imd  the  disease,  the  first  absorption  of  small  amounts  of  antigen 


BACILU   OF   THE   CXJLON-TVPUOID-DYSENTERV    GKOUP     6ttl 

is  followod  by  a  tissup  reartion  (a  part  of  which  is  evident  as  antibody 
produftion)  so  rapid  that  the  protective  processes  are  de\eIof>ed  with 
sufficient  potency  to  check  the  infection  before  it  haft  reached  a  phase  at 
which  symptoms  Ijecome  apparent. 

Bactenddttl  and  BacUTtolytic  Subatatices, — The  bacteriolytic  sub- 
stances in  typhoid-inuuune  scrum  may  be  demonstrated  either  by  the 
intraperitoneal  technique  of  Pfeiffer  or  in  vitro.  In  the  former  experi- 
ment a  small  quantity  of  a  frenh  culture  of  typhoid  bacilli  is  mixed 
with  the  diluted  immune  serum  and  the  emulsion  injected  into  the 
peritoneal  caAity  of  a  puinea-pip.  Removal  of  peritoneal  exiKhite  with 
a  capillary  pipette  and  examination  in  the  hanjeing  dix)p  will  reveal, 
within  a  short  time,  a  swelling  and  fi;ranulation  of  the  bacteria — the 
so-called  Pfeiffer  phenomenon.  The  test  in  vitro,  as  recommended  by 
Stem  and  Korte,***  may  be  carried  out  by  adding  definite  quantities  of 
a  fresh  agar  culture  of  typhoid  bacilli  to  progressively  increasing  dilu- 
tions of  inactivated  inunune  semm  together  with  definite  quaiitilies 
of  complement  in  the  form  of  fresh  nonual  rabbit  or  guinea-pig  scrum. 
At  the  end  of  several  hours'  incubation  at  37^°  C.  definite  quantities 
of  the  fluid  from  the  various  tubes  are  inoculate!  into  melted  agar 
and  plates  are  poured  to  determine  the  bactericidal  action.  Careful 
colony  counting  in  these  plates  and  comparison  with  proper  controls 
will  not  only  definitely  deinonstnite  the  presence  of  bactericidal  sub- 
stance?' in  the  immune  semm,  but  will  funiish  a  reasonably  accurate 
quantitative  esthnation.     (For  technic  of  these  t^^sts  see  page  307.) 

Although  normal  human  serum  contains  in  small  quantity  sub- 
stances bactericidal  to  typhoid  bacilli,  moderate  dilution,  1  :  10  or 
1  :  20,  of  such  serum  will  usually  suffice  to  eliminate  any  appreciable 
bactericidal  action.  The  bactericidal  powere  of  immune  serum,  on  the 
other  hand,  arc  often  active,  according  to  Stern  and  Korte,  in  dilutions 
of  over  1  :  4000.  The  specificity  of  such  reactions  gives  them  a  coa- 
siflorable  dt^rec  of  practical  value,  both  in  the  biological  identification 
of  a  susjK^cted  typhoid  bacillus  in  known  senun  and  in  the  diagnosis 
of  typhoid  fever  in  the  human  patient  by  the  action  of  the  patient's 
serum  on  known  t>TDhoid  bacilli.  In  the  publication  of  Stem  and 
Korte,  quoted  above,  it  was  found  that  typhoid  patients  during  the 
second  week  oft-en  possess  a  bactericidal  power  exceeding  1  :  1000, 
whereas  the  blood  of  normal  human  beings  was  rarely  active  in 
dilutions  exceeding  1  :  50  or  1:  100.  While  scientifically  accurate 
the  practical  application  of  bactericidal  determinations  for  diagnosis 


**Slerri.  und  Xor(«,  Berl.  klin.  Woch.,  x.,  1904. 
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.One  attack  of  typhoid  lexer  protects  a^ainat  subaequent  infection. 
Accurate  statistics  upon  the  matter  have  been  difficult  to  obtain, 
however,  l)ecause  histories  of  the  disease  are  apt  to  lie  indefinite,  and 
until  recently,  no  proper  differentiation  was  made  between  true  tv^phoid 
fever  and  the  i>arat>'phoid  group.  However,  taiung  into  consideration 
these  possibilities  of  error,  the  efitimatious  made  by  vanoiis  cHnician/i 
who  have  stuiUed  the  subject,  indicate  that  a  second  attack  of  typhoid 
fever  occurs  in  not  more  than  from  0.7  to  4  per  cent  of  all  cases.  Two 
to  3  jier  wnt  represents  a  fair  average  of  all  (*8tiiuates  made.  When 
typhoid  fever  does  occur  for  the  second  time,  it  is  usually  of  a  mikier 
typo  than  the  first  attack,  though,  according  to  V.  Vaughani  Jr.,  this 
is  not  always  the  case. 

Circulating  HntilxxUes  dif^ppcar  from  the  typhoid  convalescent 
usually  within  the  first  9e\'en  months  after  recover>'.  Permanent 
immunity  camiot,  therefore,  be  explained  upon  the  ba&is  of  serum  anti- 
bodies. The  ultimate  cause  for  permancul  immunity,  in  all  diseuFew 
in  which  it  occurs^  roust  be  regarded  a»  depending  upon  the  physiological 
imit,  namely,  the  tissue  cell.  It  is  likely  that  individuals  who  have 
paj^ed  through  aii  infection  of  this  nature^  thereafter  retain  a  cjipacity 
to  react  more  rapidly  and  effectively  to  small  quantities  of  introduced 
antigen.  A  case  in  point  iw  the  well-known  experiment  of  W"a.ssennamt, 
who  inmmnized  a  numl>cr  of  rabbits  to  typhoid  l>aciUi  until  a  highly 
agglutinin  titer  was  produced.  He  kept  these  rabbits  until  their  blood 
had  returned  to  normal  antl  no  agglutinins  could  V>e  found.  Subse- 
quently he  reinoculated  them  with  typhoid  bacilli,  at  the  same  time 
giNing  a  number  of  normal  control  rabbits  similar  injections.  The 
pre>iousIy  treated  rabbitji  responded  with  a  rapid  and  powerful  anti- 
body pnxluction  in  contrast  to  the  slower  antibody  cur\*e  of  those  that 
liad  received  the  typhoid  antigen  for  the  first  tiljie.  Hecent  obser^•a- 
tions  by  Moon  on  revaccination  of  previously  vaccinate^l  people,  have 
given  analogous  results;  and  it  appears  froui  this  ttiat  a  [x*r^on,  ouce 
immunized,  is  capable  of  reacting  with  much  greater  promptne^  than 
a  nonnal  individual.     Our  own  idea  would  Ije  somewhat  »is  follows: 

When  the  typhoid  bacillus  enters  the  bowel  of  the  infect<^i  subject 
it  begins  to  prohferale  and  gradually  enters  into  the  lymphatic  bystem. 
As  a  consequence,  a  small  amount  of  antigen  is  gradually  introduced 
into  the  circulation,  reaches  the  cells  and  stiinulaten  antii>o<ly  protluc- 
tion.  In  the  normal  indi\'idual  this  reaction  is  a  slow  one,  and  the 
t>T)hoid  bacilli  multiply  with  a  sppod  disproportionate  to  the  appearance 
of  antiboilies.  lu  the  previously  immunised  individual  or  in  the  person 
who  has  had  the  disGa&c>  the  first  absorption  of  small  amounts  of  antigen 
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IB  followed  by  a  tissue  reaction  (a  part  of  which  is  evident  as  antibody 
production)  so  rapid  that  the  protective  processes  are  developed  with 
sufficient  potency  to  check  the  infection  before  it  ha8  reached  a  phase  at 
^which  symptoms  become  apparent. 

BactericicUd  and  Bacleriolijtic  Sub^tattces. — ^The  bacteriolytic  sub- 
^fltanccs  in  typhoid-immune  somni  may  be  demonstrateti  either  by  the 
itraperitoncal  technique  of  Pfciffer  or  in  vitro.  In  tlie  former  exped- 
ient a  small  quantity  of  a  fre**h  culture  of  typhoid  f>acilli  is  mixed 
ith  the  diluted  immune  senna  and  the  emulsion  inje<'ted  into  the 
•^jeritoneal  ca^-ity  of  a  guinea-pifj.  Removal  of  peritoneal  exudate  with 
capillary  pipette  and  examination  in  the  hanging  drop  will  reveal, 
rithin  a  short  time,  a  swelling  and  granulation  of  the  bacteria — the 
so-called  PfeifFer  phenomenon.  The  test  in  vitro^  iis  recommended  by 
Stem  and  Korte,^  may  be  carried  out  by  adding  definite  quantities  of 
a  fresh  agar  culture  of  typhoid  bacilli  to  progifssively  increasing  dilu- 
tions of  inactivated  inunune  senim  together  with  definite  quantities 
of  complement  in  the  fonu  of  fre^h  normal  rabbit  or  guinea-pig  serum, 
it  the  end  of  several  hoimj'  incubation  at  37^°  C  definite  quantities 
of  tho  fluid  from  the  various  tubes  are  inoculateii  into  melted  agar 
and  ptates  are  poured  to  determine  the  bactericidal  action.  Careful 
colony  counting  in  these  plates  and  comparison  with  proper  controls 
will  not  only  definiteiy  demonstrate  the  presence  of  bactericidal  sub- 
stances in  the  immune  serum,  but  will  furnish  a  reasonably  accurate 
quantitative  estimation.  (For  technic  of  these  tests  see  page  307.)' 
*  Although  normal  human  8t»rum  contains  in  small  quantity  suh- 
mces  bactericidal  to  typhoid  bacilli,  moderate  dilution,  1  :  10  or 
:  20,  of  such  serum  will  usually  suffice  to  eliminate  any  appreciable 
bactericidal  action.  The  bactericidal  powers  of  immime  serum,  on  the 
other  hand,  are  often  active,  according  to  Stern  and  Korte,  in  dilutions 
of  over  1  :  4000.  The  apeiufieity  of  such  reactions  gives  them  a  eon- 
sidcrablo  degree  of  practical  value,  both  in  the  biological  identification 
of  a  sus|wcte<i  typhoirl  bacillus  in  known  serum  and  in  the  diagnosis 
of  typhoid  fever  in  the  human  patient  by  the  action  of  the  patient's 
senim  on  known  tj-phoid  bacilli.  In  the  publication  of  Stem  and 
Korte,  quoted  above,  it  was  found  that  typhoid  patients  during  the 
second  week  often  possess  a  bactericitlal  power  exceeding  I  :  1000, 
whereas  the  blood  of  normal  human  beings  was  rarely  active  in 
dilutions  exceeding  1  :  50  or  1 :  100.  While  scientifically  accurate 
the  practical  application  of  bactericidal  determinations  for  diagnosis 


*■  ^SterH  und  Korte^  fieri,  klin.  Woch.,  x.,  19(H, 
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presents  considerable  technical  difficulties  and  gives  way  to  the  no 
less  accurate  and   much  simpler  method  of  agglutination. 

Agglutiniiu,- — Agglutinins  are  formetl  in  animals  and  man  inoculated 
with  typhoid  hacilli,  and  in  the  course  of  tj-phoid  fever.  It  was,  in  fact, 
while  stutiying  the  typhoid  bacillus  that  the  agglutinins  were  firet  dis- 
covered by  G ruber  and  Durham. 

In  animals,  by  careful  imniunization,  specific  typhoid  agglutinins 
may  easily  he  producexj  in  sufficient  (luantity  to  l>e  active  in  dilution 
of  1  :  10,000,  and  occasionally  even  1  :  50,000  or  over.  In  the  blood 
of  typhoid  patients,  the  agglutinins  may  often  be  found  in  dilutions  of 
I  :  100  and  over.  It  is  interesting  to  note  that  irrespective  of  the 
agglutinin  contents  of  any  given  senmi,  there  may  occasionally  be  notetl 
differences  in  the  agglutinability  of  various  typhoid  cultures,  a  |)oint 
which  is  practically  important  in  the  choice  of  a  typhoid  culture  for 
routine  diagnosis  work.  Weeny  *^  has  called  attention  to  the  fact  that 
bacilli  which  do  not  readily  agglutinate  when  directly  cultivated  from 
the  body,  may  often  be  renderetl  more  sensitive  to  this  reaction  by  sev- 
eral generations  of  cultivation  upon  artificial  media.  Walker  has 
noted  "^^  a  loss  of  agglutinability  if  the  bacilli  are  cultivated  in  immune 
senmi,  A  similar  altemtion  in  the  agglutinabihty  of  t>'pboid  bacilli 
was  noted  by  Eiscnberg  anil  Yolk*^'  when  they  subjected  the  micro- 
organism to  moderate  heat  or  to  weak  acids  such  as  J  HCl. 

Mori.<4hima  ^'^  1ms  recently  studied  the  same  phenomenon,  and  has 
continued  the  observations  of  p]i.senl>erg  and  Volk,^^  and  others.  He 
has  also  shown,  however,  that  if  organisms  are  cultivated  in  anti-senmi 
for  a  sufficiently  long  time,  their  pHiminary  inagglut inability  will 
eventually,  after  twenty  to  seventy-five  daj'S,  revert  to  almost  normal 
agglutinability. 

Practical  application  of  agglutination  to  baL^tenological  work  is 
found  in  the  identification  of  suspected  typhoid  bacilli,  and  in  the 
diagnosis  of  typhoid  fever. 

When  it  is  desinnl  to  determine  whether  or  not  a  given  bacillus 
is  a  typhoid  bacillus,  nuxtures  may  be  made  of  young  broth  cultures, 
or  preferably  of  emulsions  of  young  agar  cultures  in  salt  solution, 
with  dilutiouR  of  immune  sermn.  The  tests  are  made  microscopically 
in    the   }ianging-<lrop   prei^aration   or,  preferably,  macroseopicaliy  in 

»  Weeny,  Brit.  M«i.  Jour.,  1889. 

"  Walker,  Jour  of  Path  and  Bad  .  1892;   Tttttnthi,  Zeit  f.  Hyg.,  xlv,  1908. 

•'  EUrtil/rry  unci  VoJf;,  Zdl,.  i   H.vk..  xIv,  IWXt 

"  AforwAimfl,  Jour  of  Bao(«r  ,  March,  IWl. 

"  Ei»mbfrff  and  Volk,  Erbcg.  dcr  Imnmnil.  Expcr.  Thcr.  Bakt.  u.  Uyg.,  1913.  73. 
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small  test  tubes.  In  all  cases  it  Ls  desirable  first  to  determine  the 
agglutinating  power  of  the  s<'nmi  wlien  tested  against  a  known 
typhoid  culture.  (For  detailed  teelinique,  see  chapter  on  IWhniqiic 
of  Senmi  Reactions,  page  'Si02,  2S2.) 

In  scientific  investigations,  bpeoific  agglutinations  in  high  dilutions 
of  immimc  serum  constitute  very  strong  proof  of  the  species  of  the  micix>- 
organism  and  may  often  furnish  much  information  as  to  the  hiologiral 
relationships  between  similar  species.  It  is  found  in  immunizing  ani- 
mals with  any  given  strain  of  t^-phoid  bacilH^  that  there  are  formed 
the  "rhiof"  or  '*major"  agglutinins  w^hich  arc  specific  and  active 
against  the  species  used  in  immunization,  and  the  "group"  or  *'minor" 
agglutinins^  active  also  against  closely  related  mieroorganismB.  The 
following  extract  from  a  tabic  will  serve  to  illustrate  this  point  in  the 
case  of  typhoid  and  allied  bacilli. 


B  typh 

H.  parat>iih.  (SchottmOUex) 

B.  entoritidia , . . 

B.  coli  communis . . 


UiKhly  Immune  Typhoid  Scrum. 


1  :100 


t  :  8JM)         1  :  500 


1  :  1000 


-f 
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The  sera  of  most  adult  nomial  animals  and  human  beings  usually 
contain  a  small  amoimt  of  agglutinin  for  tha^e  bacilli.  Inimunizalion 
with  the  typhoid  bacillus,  while  increasing  chiefly  the  agglutinin 
for  this  bacillus  itself,  also  to  a  slighter  extent  increases  the  group 
agglutinins  for  other  closely  allied  species.  That  these  group  agglu- 
tinins are  separate  substances  and  not  merely  a  weaker  mtmifestution 
of  the  action  of  the  typhoid  agglutinin  itself  upon  these  other  miero- 
organisms,  may  be  demonstrated  hy  the  experiments  of  agglutinin 
absorption.     (See  section  on  Agglutinins,  page  288.) 

In  the  clinical  diagnosis  of  typhoid  fever,  the  phenomenon  of  agglu- 
tination was  first  utilized  by  Widal/^  This  observer  called  attention 
to  the  fact  that  during  the  last  part  of  the  first  or  the  earlier  days  of  the 
second  week  of  typhoid  fever,  as  well  as  latrr  in  the  disease  nnd  in  con- 
valescence, the  blood  serum  of  patients  would  cause  ligglutination  of 
typhoid  bacilli  in  dilutions  of  1  :  10,  or  over,  whereas  the  serum,  of 
normal  individuals  usually  exerted  no  such  influence.     Upon  this  basis 

*«  Wi^lal,  Bull,  lie  lu  Aue.  mod.  des  hdpit.,  vi,  1896;  Witiai  ct  Sicard,  Aon.  de 
rinHt..  Pai^tt-ur,  xi,  1S97. 
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he  recoin  mended,  for  the  diagnosis  of  the  disease,  the  emplo>inent  of  a 
iiiterobcopic  ogglutiuation  test  carric<l  out  by  the  usual  linnging-drop 
technique.  The  reaction  of  Widal  is,  at  present,  widely  depended  upon 
for  diagnoKtic  purposcH  and  although  not  universally  guceessful,  owing 
to  irregularities  in  agglutinin  formation  in  some  patients  and  because  of 
differences  in  agglutinability  of  the  cultures  employed,  it  is  neverthelesa 
of  much  value.  The  fact  that  the  recent  work  of  Hooker  and  of  Weiss 
luus  shown  that  typhoid  barilli  thffer  in  antigenic  properties,  and  may 
on  the  basis  of  agglutination  and  agglutinin  alTsorption  be  divided  into  a 
number  of  groups,  is  not  of  sufhoient  practical  importance  to  necessitate 
the  use  of  a  variety  of  strains  since  the  atyjjical  antigenic  ones  are  rela- 
tively rare.  Original  concluaions  as  to  the  dilutions  of  the  scrum  which 
must  be  employed,  have,  however,  necc^ssarily  been  modified.  Owing 
to  the  fact  that  Clrulwr,**'  Stern/***  Frankel,*^*^  and  a  number  of  others 
have  found  that  occasionally  normal  serum  will  give  rise  to  agglutina- 
tion of  typhoid  baciUi  in  diUitions  exctK^tUng  1  :  10,  it  has  been  found 
ncc38sary,  whene\-er  making  a  diagnostic  test,  to  make  several  dilutions, 
the  ones  most  commonly  employed  being  1  :  20,  1  :  40,  1  :  60,  and 
I  :  80.  The  wide  application  of  the  method  has  given  rise  to  the 
development  of  a  number  of  technical  procedures,  all  of  them  dcvisetl 
with  a  view  toward  simplification.  In  ordinarj*  hospital  work,  it  is 
mant  convenirnt  U*  keep  on  himd  upon  slant  agar,  a  stock  tj'phoid 
culture,  the  agglutinabiUty  of  which  is  well  known.  From  this  stock 
culture,  fresh  inoculations  upon  neutral  bouillon  should  be  made  each 
day,  so  that  a  young  broth  culture  may  alwaj^  be  on  hand  to  furnish 
actively  motile,  evenly  distributed  bacteria.  These  bouillon  cultures 
may  be  grown  for  from  six  to  eight  hours  at  incubator  tempemture  or 
for  from  twelve  to  eighteen  hours  at  room  temperature.  The  tempera- 
tures at  which  the  broth  cultures  are  kept  mu-st  depend,  to  a  certain 
extent,  upon  the  peculiarities  of  the  typhoid  bacillus  employed,  since 
some  strains  are  more  actively  motile  and  furnish  a  more  suitable 
emtilsion  if  kept  at  a  temperature  lower  than  37.5°  C.  A  false  clumping 
in  the  broth  cultures  due  to  a  too-high  acidity  of  the  bouillon  or  a  too- 
proIonge<l  incubation  must  be  carefully  guarded  against.  It  is  also 
possible  to  use  for  this  test  an  emulsion  of  typhoid  bacilli  prepared  by 
rubbing  up  u  small  quantity  of  a  young  agar  ctdture  in  salt  solution. 
Uniformity  in  the  preparation  of  broth  cultures  or  of  emulsions  should  be 
obser\'ctl,  since  the  quantitative  relationship  betwe<»n  typhoid  bacilli 

*Orub<r,  Vertmnd.  Congr.  f,  inn  Med,,  Wiesbaden,  189ti 
".SVrm,  Cent.  f.  inn   Med.,  xlix.  1896. 
•'  FrarJcH,  Deul  med  Woch  ,  ii,  1897. 
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and  agglutinins  will  markedly  affect  the  completeness  or  incompleteneefl 
of  the  reaction.  In  high  dilutiuos  an  excesu  of  typhoid  bacilli  may  bring 
about  complete  absorption  of  all  tlie  agglutinins  predent,  without  agglu- 
tinating all  the  microorgani^mH. 

The  blood  of  the  patient  to  be  used  for  a  Widal  test  may  be  obtained 
in  a  number  of  ways.  The  moat  convenient  method  is  to  bleed  the 
patient  from  the  ear  or  finger  into  a  small  glass  capsule.-  in  the  form  of 
that  used  iji  ubtuiniiig  bl(x)d  for  the  opsonin  test,  or  into  a  smsdl  centri- 
fuge tul>e.  About  0.5  to  1  c.c.  is  ample.  These  capsules  or  tubes, 
after  clotting  of  the  blood,  may  \)e  placed  in  the  centrifuge  which  in 
a  few  revolutions  will  separate  clear  serum  from  clot.  The  dilutions 
of  the  serum  are  then  made.  It  Is  best  to  iiw  sterile  physiological  salt 
solution  as  a  dihient,  but  neutral  broth  may  be  used.  The  dilutions 
may  be  made  either  by  meauK  of  an  ordinary'  blf>od-counting  pipette  or 
by  means  of  a  capillar^'  pii)ette  upon  which  a  mark  with  a  grease  pencil, 
'made  about  an  inch  from  the  tip,  furnishes  a  unit  of  measure,  and  upon 
rwhich  suction  is  iriade  by  means  of  a  rubber  nipple.  It  is  convenient 
!to  have  at  hand  a  small  porcelain  palette  such  as  that  usetl  by  painters, 
in  which  the  various  cup-like  impressions  may  be  utihzetl  to  cuntain  the 
various  dilutions.  Dilutions  of  the  scrum  are  madc^  ranging  from  1  :  10 
to  1  :  50.  A  drop  of  each  of  these  dilutions  is  mixed  with  a  drop  of  the 
typhoid  culture  or  emulsion  upon  the  center  of  a  cover-slip  and  the  eover- 
fiUp  inverted  over  a  hollow  slide.  A  control  with  normal  senun  and  with 
the  same  culture*  sliould  always  l>e  made  and  also  one  with  the  culture 
alone  to  exclude  the  possibiUty  of  spontaneous  clumping.  Mixture 
with  the  typhoid  culture,  of  cour-se,  tsich  time  doubles  the  dilutions 
so  that,  for  instance,  a  drop  of  serum  dilution  I  :  10,  plus  a  drop  of 
the  typhoid  culture,  gives  the  fimil  dilution  of  1  :  20.  The  preparation 
may  be  examined  with  a  high  jx>wer  di*y  lens  or  an  oil  immersion  lens. 
In  a  positive  reaction,  the  bacilli,  which  at  first  swim  about  actively, 
singly  or  in  short  chains,  soon  begin  to  gather  in  small  groups  and  lose 
much  of  their  actiAity.  Witliiu  one-half  to  one  hour,  they  will  be 
■gathered  in  dense  clumps  between  which  the  Huid  is  clear  and  free  from 
bacteria,  and  only  upon  the  edges  of  the  agglutinattnl  masses  may  sUght 
motility  be  observed.  The  degree  of  dilution  and  the  time  of  exposure 
at  which  such  a  reaction  may  be  reganled  as  of  specific  diagnostic  value 
have  been  largely  a  matter  of  empirical  tietermination.  It  is  generally 
accepted  at  present  that  complete  agglutination  witliin  one  hour  in 
dilutions  from  I  :  40  to  1  :  60  is  definite  proof  of  tlu?  existence  of  typhoid 
infection.  Exceptions,  however,  to  this  nde  may  occur.  Agglutina- 
tions of  typhoid  bacilU  in  dilutions  of  1  :  40,  and  over,  have  occasionally 
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beon  obflerved  in  (^oAes  of  jaundice  and  of  t(iherculoHi«,  and  (lu'sc?  con/li- 
tioris  mu«fc  oocasuonulty  fx'  considered,  thouKh  tlioir  importance  wm 
formerly  e„\ft^p;erated. 

The?  nirtliod  of  milking  the  Widal  tost  from  a  drop  of  whole  blood 
dned  upon  a  slide,  is  not  to  be  recommended  since  accurai^y  in  dilution 
'by  t!uH  inetho<l  i«  prnctirally  im(v>wib!o. 

A.H  ftnUni  above,  the  ajy^hitinin  reaction  raix'ly  appears  In  typhoid 
fever  Jieforo  tJie  Ix^f^imiinp;  of  the  second  week.  It  may  enntinue  flurinp 
convuI<t*<'enee  for  ns  loiji^  jw  .nix  to  i-iKiit  wtvk.-*  an<l  (KTaHionally.  in  cows 
where  there  is  a  chronir  infection  of  the  K"'l-*^'»di!er,  a  Widnl  rfartian 
may  be  prcw-nt  for  years  after  an  atiat^k. 

For  very  exact  work,  even  in  clinical  canen,  the  niionxcopic  apiKlu- 
tinatvion  method  may  l>e  n^pluced  by  nuwroscopic  aKR;lutinati«»ii,  tinord- 
inK  to  the  technique  deflcribed  in  another  setrtion  (page  303.) 

In  order  to  avoid  both  tjrn  n<*ce.«sity  of  keeping  alive  typlutid  cul- 
turcH  for  routine  aiwlutination  testn  and  aJao  to  preclude  the  duoKcr  of 
infection  by  the  iisc  of  living  eulturts  Fieker*"*  has  reeomniendH  typhoi<l 
bacilli  killed  by  formalin.  This  method  has  no  advantapes  for  practical 
purposes  and  in  scientific  bacteriological  work  it  is.  of  course,  tint  (o 
1)6  considered  in  comparison  with  the  more  exact  methods. 

The  more  rwently  introduce*!  general  practice  of  vaccination  in 
typhoid  fever  has  added  a  complicating  factor  to  diagnostic  .<Lgglutina- 
tion.  Individuals  so  vaccinated  develop  agglutinins  in  conseciucnce 
of  the  inncuIatiooH,  which  may  iiernist  for  nix  months  or  more,  and  even 
after  they  have  disiapi>ear<.M:l  from  tlie  l>loo<l  stream,  various  non-typhoiil 
febrile  conditions  may  induce  their  appearance  in  the  circulation  for 
rt^jisons  not  well  understood.  In  consequence  of  this,  it  is  necessary, 
licforc  drawing  conclu.sions  concerning  the  meaning  of  a  Widal  reac- 
tion, to  be  thoroughly  informed  concerning  the  vaccination  history  of 
the  patient  and  the  time  which  hay  elapsed  since  the  vaccination  was 
ilone.  A  certain  amount  of  rehable  information  may  be  obtained  even 
in  such  cases  by  the  study  of  the  quantitative  changes  in  the  agglutinins 
in  the  patient's  blooti  by  the  comparative  method  of  Drtyer  as  in  use 
in  the  Unite<i  States  Army. 

This  meth<xi,  however,  is,  in  our  opinion,  not  sufficiently  useful  or 
simple  to  Im*  reeommendwl  for  ordinary  clinical  use.  In  the  Dreyer 
method,  standardixc<i  suspensions  of  Bacillus  typhosus  or  the  para- 
typhoi<i  types  are  useil.  To  obtain  theeej  eulturee  of  the  bacilli  are 
grown  for  about  two  weeks  by  daily  transplant  in  broth,  a  procedure 


(*  Fkkvfy  tkrl  klin.  Woch.,  xlviL  190:{. 


la  Hiippoeed  to  increase  agglutinability.      After  this,  it  ir  planle^i 

in  bn)th,  alloweti  to  grow  overnight,  and  0.1  i>or  cent  fomialiti 

•<!.**"     Thus  fonnalinii&ed  cultiu*e  is  placed  in  the  refrigerator  and 

ton  frequently  during  four  or  five  days.     It  is  then  stan<lardized 

opacity  against  an  arbitrary  standard  kept  on  han<l,  and  prepared 

the  Amiy  Medical  School.  Necessarj-  dihitions  are  niatle  with 
ysiological  salt  sohition  to  wliich  0.1  per  cent  fonnalin  has  been 
ded. 

The  suspension  is  tiien  standardized  for  agglutinability  against  a 
Vnown  agghitinating  immune  serum.     For  this  purpoee  incubation  at 

for  two  hours  is  a  method  used  for  the  final  reading.     It  is  easy, 

m  this  test,  then,  to  determine  the  agghitinability  factor  of  the  new 
suspension. 

The  examj>le  cite<i  in  the  Army  Medical  School  War  Manual,  No.  6, 
is  as  follows:  If  the  dihition  uf  the  solution  in  which  the  stamiardized 
suspension  is  agglutinated  is  1  to  6400,  while  that  of  the  new  suspension 
is  1  to  3200,  then  the  factor  of  the  new  bacterial  suspension  istnie-half. 

By  the  use  of  such  susjx?nsion  it  is  clear  that  comparative  titrations 
of  the  rise  and  fall  of  agglutinins  in  the  patient's  serum  can  be  madOj 
and  information  obtained  which  may  have  considerable  imiwrtance  in 
deciding  whether  the  appearance  of  agglutinins  in  liie  jwiticnt  is  due 
to  prcvioiLs  vaecinationj  or  is  present  in  response  to  a  fresh  infection. 

Precipi'tin^i.— The  investigations  of  Kraus/**  by  which  the  pre- 
cipitins were  discovered,  revealed  specific  precipitating  substances, 
among  others,  also  in  typhoid  immune  sera.  Since  Kraua'  original 
investigation,  these  substances  have  been  studied  by  Norris  ^*  and 
others.*^ 

Opsonins. — A  number  of  observers  have  shown  that  opsoiuns  specific 
for  the  typhoid  bacillus  are  farmed  in  animals  immunized  with  these 
organisms.  Opsonins  are  formed  also  in  patients  suffering  from  typhoid 
fever,  but  exact  opsonic  estimations  in  all  these  cases  are  extremely 
difficult  because  of  the  rapid  lysis  which  these  bacteria  may  undergo 
both  in  the  serumj  and  intracellularly,  after  ingestion  by  the  leucocytes, 
Klein  *"  has  atterapteil  to  overcome  this  difficulty  by  working  with 
dilutioas  of  serum,  at  the  same  time  using  comparatively  thick 
bacterial  emulsions  and  exposures  to  the  phagocytic  action  not  exceed- 

*  U.  S.  Medical  War  Manual  No.  6.    Lea  A  Feb%er,  1919. 

"Ktw«,  Wien.  klin.  Wooh,,  xxxii,  1897. 

"ATorrw,  Jour,  of  Inf.  Dis.,  I,  3,  1904. 

'*  Hurker  anrl  Cole,  2*2d  Ann.  Seftainn,  Aiwn,  of  Amer.  Phys.,  Wash.,  1897. 

"**  Klein,  Bull.  Johns  Hopkins  Hosp.,  1907 
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ing  ten  minutes.  Chantemesse '^  has  claimed  that  the  opsonic  index  of 
typhoid  patients  was  increased  after  treatment  with  a  seruni  obtained 
by  him  from  immunized  horses,  and  Harrison  "^  has  reported  similar 
results  in  patients  treated  by  a  modification  of  Wright's  method  of 
active  immunization.  Klein  claims  to  have  demonstrated  that  in 
typhoid-immune  rabbits,  after  five  injections,  the  opsonic  contents  of 
the  blood  were  increased  to  an  equal  extent  as  the  bactericidfd  sub- 
stancei?.  He  (roncludes  from  tliis  interestinj;  obser\'ation  that  it  may 
well  be  that  the  opsonins  are  quite  as  important  in  typhoid  inimunity 
as  are  the  latter  substances. 

For  diagnostic  purposes  in  typhoitl  fever  the  estimation  of  the  opsonic 
index,  so  far,  has  not  been  proven  to  be  of  great  value. 


SANITARY   CONSIDERATIONS   IN  TYPHOID  FEVER 

Typhoid  fever  is  a  disease  which  has  been  constantly  diminishing 
in  fret|ucncy  in  civilized  countries  during  the  last  one  hundred  years, 
but  is  still  a  very  formidable  cause  of  death  rate  and  disability.  The 
morbidity  rates  and  death  rates  for  typhoid  fever  vary  considerably 
in  different  communities  according  to  the  extent  to  which  sanitary 
supervision  of  water  supplies,  garbage  and  sewage  disposal,  etc.,  have 
been  developed.  In  general,  the  United  States  has  been  considerably 
behind  most  Euroix>an  comimuiilies.  In  a  table  given  by  Gay  ^*  a 
comparison  of  mortality  avcrnees  per  100.000  population,  comparing 
a  group  of  over  31,000,000  [jeople  compiled  from  the  statistics  of  the 
33  largest  European  cities,  with  21,000,000  people  representing  the  pop- 
ulations of  57  of  the  lai-gcst  American  cities,  the  Eiuopea-n  luortuUty 
average  was  6.5,  and  the  American  19.59.  In  similar  compilations 
taicen  by  Cay  largely  from  the  report  of  the  New  York  State  Depart.-* 
ment  of  Health  for  I9I4,  it  is  shown  that  there  has  been  a  progressive 
decre-ase  since  1910,  running  parallel  to  increased  attention  to  water 
supplies  and  general  sanitation.  For  more  extensive  figures  on  the 
prevalence  of  typhoid  fever  the  reader  is  referred  to  the  above-mentioned 
compilation  of  Gay.  He  states  that  in  1900  there  were  about  350,000 
cases  of  t^-phoid  fever  in  the  United  States  as  estimated  by  Wliipple,  who 
at  the  same  time  calculates  that  the  cost  to  the  community  of  these 
cases  must  have  been  approximately  $212,000,000.  Since,  as  we  shall 
see,  it  has  Ix^en  variously  shown  during  the  last  ten  years  that  typhoid 

**  CkanlemfMe,  Itlh  Intprmitl.  Cong  for  Hyg  ,  Berlin,  1907. 

'*  Hamsun,  Jour.  Royal  Aruiy  Med.  Corps,  8,  1907. 

''*Guy,  F.  P.,  Typhoid  Fever,  Macmillan  Company,  NfW  York»  191^. 
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fever  18  a  distinctly  preventable  disease,  amenable  jwrhaps  not  to  com- 
plete eradication  on  account  of  the  difficulties  of  the  carrier  problem, 
but  certainly  readily  subject  to  material  diminution,  much  of  this 
suffering  and  economic  loss  would  seem  unnecessar>'. 

Infection  with  typhoid  fever  always  ineaiiti  that  inteiftinal  contents 
of  a  case  or  a  carrier  have  come  into  direct  or  indirect  contact  with 
something  ingested  by  the  patient.  Since  thLs  is  true,  wo  ma\'  Iwfit 
begin  the  description  of  the  circle  of  infection  from  man  to  man  by 
first  considering  the  manner  in  which  the  organiHm  leaves  the  body  of 
the  patient  and  the  carrier. 

In  the  patient  the  typhoid  bacillus  begins  to  accumulate  in  the  intes- 
tines during  the  later  stages  of  the  incubation  time,  and  at  this  time  will 
begin  to  appear  in  the  feces.  The  organisms  increase  in  the  intestines 
from  this  time  on,  being  distributed  in  very  considerable  numbers  after 
the  second  week,  and  decreasing  only  towards  the  end  of  the  disease^ 
remaining  present,  however,  throughout  convalescence  and  sometimes, 
as  we  shall  see,  for  months  or  years  thereafter.  During  the  seeoud  and 
third  or  later  weeks,  the  organisms  appear  in  the  urine.  It  is  generally 
stateti  that  about  30  per  cent  of  typhoid  cases  will  show  the  organisms 
in  the  urine,  but  it  seems  hkcly  that  this  is  too  low  an  estimate.  Rau- 
bitschek,  by  precipitating  considerable  quantities  of  urine  with  ferric 
chlorate  succeeded  in  finding  the  bacilh  in  100  per  cent  of  his  cases  in 
the  earlier  stages  of  the  (hseaji^e,  and  it  is  not  at  all  unlikely  that  in  slight 
numbers,  and  perhaps  intermittently,  they  may  appear  in  the  urine  of 
all  typhoid  cases.  Other  rout^it  of  distributi^m  from  the  patient,  such 
as  suppurations,  sputum,  etc.,  are  occasionally  mentioned,  but  may  be 
dismisse<l  as  of  no  practical  sanitary  importance. 

Since  the  recognized  typhoid  case  is  usually  well  guarded  from  a 
sanitary  point  of  view,  the  greater  danger  of  typhoid  infection  lies  in 
the  mild,  at>'pical,  unrecognized  case  and  in  the  carrier.  Atypical, 
mild  cases  will  probably  become  more  and  more  frequent  as  typhoid 
vaccination  becomes  a  more  generahzed  i\abit.  Such  a  case  may  show 
notliing  more  than  a  very  shght  febrile  movement,  with  intestinal  dis- 
turbances and  diarrhea.  Unless  typhoid  fever  is  particularly  looked 
for  vand  saspc^cted,  many  of  these  cases  may  never  be  put  upon  typhoid  ^ 
precautions  and  the  resulting  possibilities  of  spread  are  obvious. 

More  important  frum  the  sanitary  point  of  view,  under  the  con- 
ditions of  modem  community  life,  however,  is  the  typhoid  carrier. 

Typhoid  Carriers. — The  great  importance  of  the  typhoid  earner 
in  the  spread  of  the  disease  has  led  to  extensive  studies  of  the  problem 
in  many  countries  during  the  last  ten  years.     We  may  mention  par- 
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tioularly  the  studies  of  Coiiradi  and  Drigalski  ^"^  the  paper  of  Sacquep^e,"* 
the  summary  given  by  Kut^cher  "®  in  the  Second  EcLtion  of  the  Kolle 
and  Wuisseruiatm  Handbook,  the  aumniary  of  Gay  in  the  book  men- 
tioned above,  and  the  article  by  Garbat,  not  yet  published,  but  about  to 
appear  as  one  of  the  Monographs  of  the  Rockefeller  Institute.  The 
first  definitf  suKse^tion  of  the  danger  of  typlioitl  infection  emanating 
from  convalescents  lonR  after  the  disease  itself  had  l>een  cui-ed,  came 
from  Koeli.^*^  He  based  this  opinion  at  first  ujKjn  purely  epidemiological 
evidence,  but  in  lOOl  Drigalski  ^'  l)ep:an  to  isolate  bacilli  from  indiviiluals 
who  were  apparently  in  complete  health.  Sacquep^e  "*  cliis&dfice 
typhoid  carriers  chiefly  into  convalescent  carriers  who  become  free  of 
the  bacilli  within  three  months  after  the  termination  of  their  disease, 
and  chronic  carriei's  who  continue  to  harbor  the  liacilli  for  many  years, 
and  perhaps  permanently.  In  addition  to  this,  there  are  a  certain 
number  of  so-called  healthy  caniers  in  whom  no  hLstory  of  their  ever 
having  had  the  disease  can  be  arlduced. 

The  distinction  between  a  temporary'  carrier  and  a  chronic  carrier 
must,  of  course,  be  to  a  certain  degree  arbitrary,  but  in  general  it  may 
be  said  that  in  most  typhoid  cases  the  organisms  disappeiir  from  the 
urine  and  feces  within  from  six  weeks  to  three  months  after  recovery. 
Sacquep^e  classifies  as  chronic  carriers  only  those  in  which  the  organisms 
are  still  present  three  months  aftei-  complete  recovery.  After  this 
periofl,  the  length  of  time  to  which  the  canier  may  peiijist  is  variable, 
depending  upon  whether  or  not  chronic  lesions  are  t^tablished.  These 
will  be  discussed  below.  The  frequence  with  wliich  chronic  carriers 
following  typhoid  fever  occur  may  be  gathered  from  the  table  compiled 
by  Gay  and  puhUshed  in  the  book  mentioned  al>ove. 

If  we  consider  that  the  figures  presented  in  this  table  must  neces- 
Itrily  represent  underestimates  because  of  the  technical  difficultiee 
attending  the  f.liscover>  of  small  numbers  of  typhoid  bacilli,  it  becomes 
apparent  that  the  number  of  potential  foci  for  infection  in  a  conmiunity 
is  enormous.  Gay  estimates,  on  a  basis  of  a  5  per  cent  minimum,  that 
we  have  7500  added  annually  to  tlu^  carriers  present  in  the  United 
States.  On  this  basis  about  0.2  per  cent  to  0.3  per  cent  of  the  general 
population  may  be  assumed  to  be  carriers. 

According  to  the  foci  upon  which  the  carncs'  state  depends,  t>i)hoid 

^Conrtuii  ttnd  Dri(ffiUki,  7A\    f.  \\y%,  34,  1902,  283. 

^  Smtpitj*^.  Bull  lie  riiwt    Piist  .  M.  1910,  fi21  und  689. 

^  KutM-htr.  KoUr  und  \V»w*frmann  Uandbuch.  2d  Editiou,  I'^ucbcr*  Jena,  1913. 

*^Koch,  Ycr  »  d  Miiit.'ireanitauwcsen,  H  21,  1002. 

»<  DrigaUki,  Cent,  f .  Bftkt.,  3fi.  1904.  770. 
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Moarriers  have  been  subdivided  by  a  number  of  wriCere  into  intestinal 
carriers,  gall-bladder  carriere,  and  liver  or  bile  duct  carriers.  We  will 
Bee  how  the  newer  methods  of  duodenal  tube  examination  have  made 
these  distinctions  between  carriers  possible. 

PERCENTAGES  OF  CHRONIC  TiTHOID  CARRIERS  FOirND  BY 
VARIOl^  lN\^ESTIGATORS  IN  A  STUDY  OF  CONVALESCENT 
CASES* 


Author. 

Drnte. 

Numb«r  of 

Carrier*  for 
3  Munthi 
aMl  Mora 

LenU 

Conmdi. . 
iKlinger 

Xayser 

Semplc  and  Grptg 

Park 

'f'siuuki. .                                            .... 

Bruckner 

Stokw  and  anrke 

190,5 
11*07 
1907 
1907 
1906 
1908 
1910 
1910 
1910 

400 

400 

482 

101 

86 

68 

51 

316 

810 

3.0 
0.5 
1  7 
3.5 
11  0 
5.9 
5-8 
3.8 
1  85 

•Table  taken  from  Gay,  F.  P.,  Typhoid  Fever,  MacMiilan  &  Co.,  New  York, 
1918. 

By  far  the  most  common  localization  of  typhoid  bacilli  in  tlio  body 
of  the  carrier  is  the  pall  bladder.  In  speakinK  of  the  sequela*  of  typhoid 
^fever  we  have  seen  that  cholecystitis  is  almost  alwaj^  related  to  a  pre- 
ceding attack  of  typhoid  fc^'er.  As  a  matter  of  fact  in  the  course  of 
typhoid  fever  the  organisms  are  always  present  in  the  gall  bhulder. 
This  was  noted  by  Chiari  *^  as  early  as  1894,  by  Praft,*^  an<l  l>y  many 
rothers.  Ix)ngcope  is  quoted  by  day  to  have  taken  bih*  rulturos  as  a 
routine  in  suspected  typhoid  deaths  at  the  Pennsylvania  Hospital,  and 
found  typhoid  bacilli  in  all  positive  cases.  In  the  gall  bladder  appar- 
ently the  organisms  find  a  protected  nidus  where  they  can  persist 
for  years.  If  gall  stones  are  formed  later,  tj'phoid  bacilli  can  often 
be  isolated  from  them.  We  ourselves  have  reported  a  case  in  which  we 
isolated  the  organisms  from  gall  stones  seventeen  years  after  the  attack 
of  typhoid. 

That  liver-duct  carriers,  however,  may  ejdst  indo|>endently  of  gall- 
bladder infection  has  been  shown  by  such  cases  as  the  one  cited  by 
Garbat  in  the  essay  mentioneti  above.     He  speaks  of  two  patients 

"  Ckian,  C«nt.  f .  Bakt.,  OHr..  15,  1894. 
"  Pratt,  Amer.  Jour.  Mod.  Scicnocss,  1901. 
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who,  durins?  typlioid  convolescencp,  nmiiiiVstnd  pall-hladdcr  sjiMptoms. 
Direct  culture  of  the  bile  by  means  of  the  duodenal  tube  method  showed 
typhoid  buciiU  iu  "A/*  but  not  in  "B."  In  both,  the  gall  bladder  was 
removed  and  a  pure  culture  of  t>'phoid  bacilli  obtained  from  both  gall 
bladders.  At  the  time  of  operation,  the  negative  culture  in  "B"  was 
explained  by  the  fact  that  n  large  stone  was  fixed  in  the  cystic  duct  which 
completely  occIutUnl  the  passage.  The  bile  frorn  '"B,"  before  operation 
had  come  directly  from  the  liver,  and  had  not  entered  the  gall  bladder 
whi<'h  was  in  this  case,  the  only  site  r»f  infection.  After  operation 
however,  typhoid  bacilli  completely  disappeared  from  **B,"  where  the 
bile  that  had  come  from  the  liver  had  been  found  sterile  by  the  original 
duodenal  culture,  but  in  "A,"  in  spite  of  the  complete  i-emoval  of  the 
gall  bladder  and  c>'stic  duct,  repeated  duodenal  cultures  remained  posi- 
tive. Similar  cases  have  been  reported  in  the  literature,  but  none  which 
seem  quite  as  convincing  as  a  proof  for  the  existence  of  the  true  liver 
carrier  as  these  instances  reported  by  CJarbat. 

The  manner  in  which  typhoid  baciUi  get  into  the  gall  bla<lder  has 
occupied  the  attention  of  a  number  of  investigators.  According  to 
Kiister  ***  and  a  more  recent  report  by  Garbat  asccn<iing  infection  of  the 
gall  bladder  from  the  duodenal  is  a  possibility,  though  it  is  probably 
not  th(*  most  conmion  method  of  infection.  Nichols  ^^  too  has  admitted 
the  possibility  of  such  a  process,  although  no  one  Ix^licves  that  tliis  is 
verj'  common.  The  fact  also  that,  accortling  to  Blumenthal  ^  l^auben- 
heinier  ^"  and  others,  colon  bacilli  are  verj^  conmionly  found  in  the  gall 
bladder,  gives  support  to  the  passibiUty  of  ascending  infection.  The 
opinion,  however,  that  the  bile  is  hematogeneously  infected  by  way  of 
the  heijatic  circulation  in  most  crises  is  generally  accepted. 

The  existence  of  pure  intestinal  carriers  has  been  suggested  by  Kraus 
and  others,  and  in  a<lilition  to  the  cases  cited  by  Kraus,  there  is  one  by 
Garbat  in  which  duodenal  cultures  were  rejx>at€dly  negative,  whereas 
the  feces  remained  positive.  Cholecystectomy  on  this  case  ditl  not 
relieve  the  carrier  condition.  The  intestinal  carrier  type,  according 
to  Kraus  **  may  be  associated  with  chronic  intestinal  ulcerations, 
chronic  appendicitis,  etc.,  but  is  unquestionably  extremely  rare,  a  large 
majority  of  carriers  being  due  to  actual  gall-bladder  infection. 

Chronic  urinar>'  carriers  are  less  common  than  chronic  feces  carrien. 

•*  Ku  ter,  Beitr  f.  Klin.  d.  Infkrftnkh,  etc.,  7,  1018,  ft8 

•  SichoU,  Jour  nf  the  A.  M.  A.,  08,  1917. 

»  Hintm-nthnt,  Arch   f  klin.  Med.,  KM,  UK)7,  509 

*"  Utihcuhrimrr,  Zcit.  f.  Hyg.,  5«.  1909. 

-KiWtf,  Wien.  Win.  Woch.,  27,  1»14,  1443. 
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Yet,  when  they  occur,  they  are  of  much  greater  danger  to  others  because 
of  the  more  indiscriniinate  distribution  of  urine.  According  to  Gar- 
bat  *®  about  6.8  per  cent  of  all  typhoid  cases  show  typhoid  bacilluria 
for  one  or  two  months  after  the  fever  has  disappeared.  In  such  cases 
often  the  organisms  are  (hscharged  intermittently,  and  for  this  reason 
repeated  examination  is  necessary.  Chronic  urinary  carriers  have  been 
reported  by  Prigpe,'*'*  Houston/*  and  others,  and  are  usually  nssociatod 
with  some  pathological  lesion  of  the  genito-urinary  tmct.  In  a  case 
reported  by  Mayer  and  Ahrt»iner  ^'^  there  was  a  pyonephrosis,  and  in 
^other  cAses,  cystitis,  or  other  inflammations  of  the  bladder,  ureter,  and 
idney  have  been  found. 
By  so-called  healthy  carriers  are  meant  individuals  who  harbor 
typhoid  bacilli  in  the  stools  and  in  whom  no  history  of  typhoid  infection 
ftt  any  time  in  their  lives  can  be  obtainexl.  We  know  more  about  typhoid 
(ever  than  we  did  forinerlj^  and  we  think  that  it  is  quite  clear  to  most 
students  of  the  disease  that  a  negative  iustory  of  tliis  kind,  especially  if 
obtained  from  people  who  have  lived  vigorous,  active,  physical  lives, 
must  be  ver>'  unreliable.  Extremely  mild  cases  of  typhoid  fever,  while 
not  common,  do  occur,  and  it  is  not  impossible  that  an  individual  with 
an  imusual  resistance  may  have  been  ill  for  a  few  weeks,  perhaps  with  a 
little  fever  at  sometime  without  going  to  a  doctor.  On  the  other 
hand,  Scheller'*^  in  examining  a  group  of  people,  in  connection  with  the 
investigations  made  of  a  mild  epidemic,  fotmd  a  coasiderablc  number  of 
temporary  carriers  who  did  not  develop  the  disease.  These  people  had 
taken  milk  infected  from  a  carrier,  18  of  a  total  of  44  acquiring  the 
organisms  without  getting  sick,  while  32  of  the  same  group  actually  got 
sick.  It  is  not  impossible,  theivfoi*e,  that  indinduals  associated  with 
typhoid  cases  and  during  epidemics  nmy  become  temporary  carriers. 

Carriers  may  increase  enormously  in  the  couise  of  epiden^ics  espe- 
cially if  these  epidemics  take  place  among  the  large  groups  of  vaccinated 
people.  Such  contiitions  prevailed  among  the  Allied  and  probably 
among  the  German  Armies  during  the  war,  when  the  enormously  in- 
creased opportunities  for  fecal  transmission  produced  incident  to  active 
warfare,  with  open  latrines,  unprotected  kitchens,  unlimited  fly  breeding, 
and  defective  scattered  small  water  supplies,  made  sanitary  control 
impowible.     PIundre<!8  of  thousands  of  men  suffered  from  diarrheas  and 


^Garbat,  Jour.  A.  M.  A.,  Nov.,  1016,  H93. 
•^Priyge,  Klin   Jahr..  22.  190»-1910.  245. 
*^  Houston,  wilh  Invin,  Lancet.  1,  1909,  311. 
•■  Mayer  aiid  Ahwitwr,  cited  from  Gay,  loc.  rit. 
«5rAeifcr,  Cent.  f.  IJukt ,  Eretc  .Abt.,  Orig.,  45,  1908,  385. 
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mild  intestinal  disease,  without,  or  mih  very  slight  febrile  manifestar 
tions,  anri  the  investigations  of  many  bacteriologists,  as  well  as  our  own, 
show  that  a  considerable  percentage  of  these  people  were  actually 
infected  with  organisms  of  the  typhoid,  paratyphoid,  and  dysentery 
groups. 

As  to  the  relative  importance  of  the  typhoid  carrier  in  the  morbidity 
of  typhoi<l  fovrr,  it  is  ver>'  difficult  to  adduce  accurate  data.  It  is 
pretty  safe  to  say  that  the  carrier  is  growing  relatively  more  important, 
will  in  the  future  proljably  lie  the  chief  source  of  typhoid  morbidity 
in  well  sanitated  communities,  and  is  the  only  sttmiblinp  block  which 
will  probably  prevent  the  complete  eventual  eradication  of  the  disease. 
Of  recent  years,  as  water,  milk,  and  food  supplies  are  cominR  more  and 
more  directly  under  the  vigilant  eyes  of  health  authorities,  the  estimates 
of  the  percentage  of  cases  due  to  carriers,  as  contrasted  with  other 
sources  of  infection,  is  growing  larger  and  larger. 

Pathological  CoxsKgiiENCEs  of  the  Carrier  State. — Perhaps 
the  most  common  sequelum  of  the  chronic  carrier  state  is  cholelith- 
iasis. According  to  Exner  and  Heyworski  ***  typhoid  bacilli  have  a 
particular  property  of  decomix)ping  the  bile  ealts,  giving  rise  to  a  pre- 
cipitation of  cholesterin,  and  Dorr*'''  experimentally  produced  small 
concretions  in  the  gall  bladder  of  infected  animals.  T>'phoid  bacilh 
have  often  Ix^n  found  in  gall  stones.  Furthermore,  obstruction  of  the 
bile  and  stagnation  duo  to  inflaniinatorj'  processes  may  be  indirectly 
responsible  for  stone  fonnation. 

It  is  probable  that  typhoid  carriers  possess  an  especially  high 
Iteeistance  to  second  attacks,  higher  even  than  that  of  the  ordinary 
individual  who  recovers  without  developing  the  carrier  state.  Kiister 
reports  that  of  800  chronic  carriers  observed  in  the  military  hospital  at 
Cologne  during  two  and  one-lialf  j-ears,  not  a  single  clinical  disturbance 
attributable  to  the  typhoid  bacillus  could  be  determined.  The  occur- 
rence of  cystitis,  pyelitis  and  renal  stones  in  typhoid  earners  is  not  par- 
ticularly copinion. 

Occasionally,  typhoid  carriers  may  possess  agglutinins  and  other 
antibodies  in  the  }>Ioo<l  higher  than  normal.  Ijentz  examined  a  number 
of  chronic  carriers  and  found  positive  WiduLs  in  10  out  of  11;  however, 
only  in  dilutions  of  1  :  20.  Oaethgens  ***  found  both  agglutinins  and 
opeonins  higher  in  chronic  carriere  than  in  normal  |XM^ple,  but  Schone  ^^ 

•'  Ezrtrr  and  //rj/uwajti,  Wien.  klin.  "Woch  ,  190^,  7 
•  iMirr^  cilod  fnun  Kflstor,  K>r.  fit. 
^  (raithiieua,  IX-iil   im^.  Woch  ,  1«07.  1337. 
^Scfioru,  Muurh.  mcd.  Woch.,  1908,  l(W3. 
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foiintl  no  increase  in  complement  fixation.  In  general,  we  wou^H  not 
hope  for  very  much  lipht  from  serolopcal  investigations  upon  the  ques- 
tion of  whether  or  not  an  indiviilual  wa^  a  carrier,  hut  would  imme- 
diately proceed  to  bacteriological  examination,  either  by  fecea,  urine,  or 
duodenal  examination. 

The  Treatment  axo  Cukk  ok  Typhoid  Carriehs. — The  great 
importance  of  the  typhoid  carrier  from  the  epidemiological  point  of  view 
has  led  to  innumerable  medical  and  surgical  attempts  at  cure.  That 
there  can  be  no  doubt  about  the  possibility  of  cure  in  most  canes,  by 
Burgioal  gall-bladder  extirpation,  is,  of  course,  certain.  It  will  be  neces- 
sary in  the  future,  however,  especially  on  the  bairis  of  the  recent  work  of 
Nichols,  Garbat  and  some  Gennan  observers,  to  precede  such  operations 
by  fecal  and  duodenal  examinationr,  and  it  must  be  remembered  that 
there  will  always  be  a  certain  percentage  of  cases  which  are  liver-duct 
carriers,  in  contrast  to  gall-bladder  foci,  which  will  not  clear  up.  Also, 
the  operation  is  not  without  danger,  with  a  certain  amount  of  mor- 
tality, and,  of  course,  cannot  be  applied  genexally  upon  the  enormous 
numbers  of  carriers  that  exist. 

According  to  Garbat  and  othei*s,  attempt^s  to  cure  by  other  means 
necessarily  depend  to  a  very  large  extent  upon  early  diagnosis  of  the 
carriers  before  the  condition  has  become  stuhbonily  chronic.  But  in  all 
cases,  cure  by  other  than  surgical  means  has  been  discouraging.  Many 
different  methods  have  been  attempted.  Vaccination  with  the  ordi- 
nary typhoid  vaccines  has  given  discouraging  re^sults  in  the  hands  of 
Park  and  many  others,  although  much  was  hoped  frora  it  at  first. 
Invin  and  Houston  **^  claimed  to  have  cure<l  a  urinary  carrier  by  vacci- 
nation, but  Houston  and  Thomas  ^^'  failed  in  other  cases.  Petruski  *^^ 
in  1902  claimed  that  vaccination  during  the  course  of  the  disease  might 
prevent  the  development  of  the  Carrier  state.  But,  on  the  whole, 
vaccination  has  not  brought  the  results  that  have  been  hoped  for  it, 
and  we  are  rather  r**luctant  to  believe  that  on  a  theoretical  basis  it  is 
encouraging,  since  the  organisms  in  the  chronic  carrier  are  physiologically 
outside  the  body,  and  not  in  contact  with  antibodies  or  leucocytes. 

Medicinal  treatment  has  been  tried  with  many  agents,  but  without 
much  success.  Discouraging  results  have  l>een  obtiiincd  with  urotropin, 
methylene  blue,  saliciyates,  iodin  and  arsenic  preparations.  Conradi  *°^ 
in  1910  tried  ehloroforrn  with  apparently  successful  results  in  rabbita 

»  Iruin  and  Housion,  Lancet.  I.  1909.  154.  • 

**  Houston  and  Thojuiv.  Cent   f.  Bakt.  Rcf..  46,  1910,  390. 
*•*  PeiruBki^  cited  from  KUster,  lor.  cil. 
"^  Conradi,  Cenlralb   f.  Immunit.,  7,  19111,  l'>8. 
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experimentally  convcrteil  into  typhoid  carriers.  Bully  ^°^  tried  this 
treatment  upon  human  carriers,  giving  0.5  c.c.  of  chioroform  in  capsules 
four  times  a  day  for  twenty  days,  without  any  results.  Neosalvarsan 
has  been  tried  without  effect.  The  only  encouraging  reports  we  can 
find  in  an  extensive  review  of  the  literature  to  date  are  the  recent  ones  of 
Kalbcrlah  *^  who  administered  tincture  of  iodine  together  with  animal 
charcoal,  ami  those  of  Geronne*^  who  similarly  combined  charcoal 
with  thymol.  None  of  these  methods  have,  however,  been  sufficiently 
confirmed  to  encourage  great  hope. 

The  Typhoid  Bacillus  in  Transit  from  Source  to  Victim. — 
The  typhoid  bacillus  which  reaches  the  outer  world  in  the  feces  and 
urine  of  carriers  and  cases  is  fortunately  not  a  very  resistant  oi^nism. 
It  requires  moisture  and  a  favorable  teniperature  approaching  Si.S*^  C. 
for  multiphcation,  and  suitable  nutritive  material.  These  conditions 
being  unfavorable,  it  is  subjected  to  a  rapid  diminution  in  concentration 
by  dilution,  and  dies  out  with  relative  apeecl.  In  sewage  and  feces, 
moreover,  it  is  subject  to  rapid  destruction  in  the  coiii|x?tition  with  the 
more  hardy  plel)eians  with  which  it  comes  in  contact.  In  feces  the 
organisms  will  live  for  very  variable  periods  according  to  temperature 
and  conditions  governing  decomposition.  They  may  be  destroyed 
within  a  day  or  two,  and  in  cesspools,  etc.,  where  they  are  immediately 
mixed  with  large  numbers  of  decomposing  feres,  they  live  for  probably 
not  longer  than  a  few  daj^  under  any  conditions.  If  feces  are  frozen, 
that  is,  deposited  in  the  open  in  the  winter,  the  organisms  may  live 
throughout  the  winter  and  enter  water  sheds,  etc.,  with  the  thaw.  In 
water,  as  a  rule,  they  do  not  live  more  than  a  few  days  or  perliaps  a 
week,  and  according  to  Rosenau  they  live  longer  in  clean  than  in  con- 
taminated water.  In  sewage  their  hfe  is  short.  Freezing  does  not  kill 
them.  According  to  the  investigations  of  Gartner^***  tJie  typhoid 
bacilli  could  l)e  found  in  the  flowing  water  of  the  Paris  water  supply 
after  a  day  and  one-half.  In  all  statements  of  this  kind  it  must  be 
remembered  by  the  sanitarian  that  no  absolute  rules  can  be  set  up, 
since  we  know  that  the  inability  of  all  microorganiams  like  the  typhoid 
bacilliLs  depend  very  debcately  upon  temperature,  nutrition,  the  presence 
of  other  bacteria,  moisture,  heat,  Ught  reaction,  etc.  We  have  ourselves 
neen  typhoid  bacilli  alive  and  viable  after  many  years  of  sealing  in  agar 
cultures  preserved  in  the  dark  and  in  a  cool  place,  and.  while  in  nature 

»"  BitUy,  Zeit.  f.-Hyg  ,  61,  I9U,  29. 
^"KaibrHak,  Med.  Kliiiik..  1915. 
»«(7«'ottw.  Bcrl  kUn.  Woch  .  1915. 
>•  Odrtntr,  KUii.  JaUrb  .  9.  1902. 
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Ihp  organisms  disappcAr  with  relative  speed,  no  rule  can  be  set  up. 
Klein  *'^'^  claun.s  to  have  found  typhoid  bacilli  alive  in  natuml  watere 
for  as  long  as  thirty-six  days. 

Sinne  the  organisms  can  remain  in  the  soil  for  limited  penoda  of  time, 
unwashod  vepomhles,  salads,  etc.,  are  dangerous,  and,  as  we  shall  see, 
oysters  grown  near  sewage  outlets,  may  also  be  sources  of  infection. 

Channels  of  Ta^NSMissiON.— Suspicion  of  typhoid  infection  by 
means  of  water  supplies  dates  back  to  the  early  writing  of  the  English 
physician,  Budd,  m  1856,  who  not  only  believed  that  sewage  contam- 
inatcH  water  conveyed  the  disease^  but  suggested  that  the  origin  of  this 
polhition  lay  in  human  feces.  Since  that  time,  of  course,  bacteriological 
investigation  and  sanitar>'  water  purification  on  a  large  scale  has  indis- 
putably provcji  the  danger  of  wat<^r  supplies  in  this  respect.  In  a  few 
cases,  direct  proof  of  t>^hoid  bacilli  in  the  water  supply  has  been 
brought,  but,  as  a  rule,  indirect  proof  has  had  to  be  adducetl,  since 
the  rapid  dilution,  the  usual  lateness  of  water  investigation  after  the 
occurrence  i>f  cases,  and  the  many  agencies  which  lead  to  the  destruc- 
tion of  typhoid  bacilli  in  water  supplies,  has  made  it  extremely  difficult 
to  find  the  organisms  in  the  water.  Indirect  evidence,  however,  has 
been  sufticiently  convincing  in  that  colon  bacillus  tests  liave  revealed 
massive  human  feces  contamination  of  water  to  which  typhoid  infection 
could  be  epideniiologirally  traced.  Also,  in  many  localities  the  dii-ect 
diminution  of  typhoid  fever  in  a  community  after  purification  of  the 
water  supply  has  left  little  room  for  doubt.  Thus,  in  Schtider'a'*'^  inves- 
tigations of  640  opirleinics,  72  per  cent  were  directly  traceable  to  water. 
Water  was  unquestionably  in  former  years  the  most  important  means 
of  the  conveyance  of  typhoid  fever  when  it  occurred  in  dciimte  epi- 
demics, and  whene\'er  typhoid  cases  occur  in  any  considerable  number 
in  cities  and  towns,  the  water  supply  must  first  be  excluded  as  a  source 
of  infection.  It  must  also  always  be  taken  Into  consideration  when 
typhoid  fever  occurs  in  country  districts  where  small  well  supplies 
are  the  chief  sources  of  drinking  water.  In  Schuder's  statistics,  110  of 
his  640  epidemics  could  be  indirectly  traood  to  milk.  Gay"**  states 
that  in  the  rural  comnumitiea  typhoid  fever  has  remained  more  or  less 
stationary  (hiring  the  last  ten  years,  whikf,  in  the  cities,  owing  probably 
to  water-«uppl3'  supervision,  it  has  been  diminishing  progressively. 
The  methods  of  examining  water  under  such  circumstances  will  ho 
detailed  in  the  section  on  water,  where  emphasis  will  also  be  placed 


'"  Klein^  Medical  Officers  Report,  Local  Goverti.  Boiifd. 
i'^SchUdcr.  Zeit.  f,  Hyg.  u,  Infec,  38,  1901,  343. 
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upon  tne  fact  that  bacteriological  water  examinations  of  this  kind  must 
always  be  associated  with  careful  sanitary  survey  of  the  water  shed  and 
engineering  examination  of  the  purification  plant,  if  there  is  one  avail- 
able. It  is  important  for  the  sanitaiian  to  remember  that,  while  water 
epidemics  are  constantly  diminishing  as  large  stale  water  i>unticalion 
becomes  more  and  more  universal,  there  arc  still  occasional  epidemics 
in  which  accidents  have  occun-etl  to  ordinarily  properly  functioning 
purification  plants.  Such  an  epideJiiic  was  nnrwitly  reported  from 
Salem,  Ohio/^  where  in  September  and  October  of  1020.  following  a 
rainy  period,  enteritis  of  unknown  origin  afflic'etl  about  one-half  the 
population.  Subsequent  investigation  showed  that  3  cases  of  typlioid 
fever  had  occurred  in  early  September;  and  typhoid  fever  reports  began 
in  late  October  and  early  November.  Investigation  of  the  water  supply 
revealwl  pollution  probably  due  to  thy  contamination  of  one  of  the 
gravity  lines  connecting  a  group  of  wells  with  the  reservoir.  Aside 
from  the  earUest  casea  mentioned  above,  the  first  cases  app<*ared  alK>ut 
October  Ist,  and  reached  a  peak  of  54  new  cases  on  November  Ist, 
which  was  the  highest  daily  number  of  the  epidemic.  Up  to  November 
20th,  a  total  number  of  785  cases,  with  12  deaths  occurred.  Krcently, 
we  have  heard  of  another  epidemic  which  occurred  in  a  California  town, 
where  a  small  explosive  outbreak  of  typlioid  fever  occurred  oiling  to 
accident  to  the  water  supply  followed  by  direct  pumping  from  the 
river,  for  one  day,  necessitated  by  repairs.  The  crmaitU'rable  and 
unexceptional  diminution  of  typhoid  fever  in  all  cities  where  water 
supply  purification  plants  have  been  iastalled,  may  be  found  tabulated 
in  such  books  as  Rosenau's  Hygiene,  Mtison's  book  on  water  supjjly, 
and  others. 

Milk  may  act  as  a  distributor  of  typhoid  fpver  either  by  direct  infec- 
tion of  the  milk  from  nnlk  handlers  who  are  carriers,  or  from  bottlea 
that  are  returne<i  from  houses  where  typhoid  fever  or  typhoid  earners 
exist.  A  coasidcrable  nund>er  of  milk  epidemics  have  been  traced 
l>eyond  doubt,  and  have  \isually  been  ehaniclcrized  by  an  explosive 
onset  and  by  the  fact  that  the  majority  of  the  patients  were  women  and 
ohiUlren.  Milk  is  an  excellent  culture  me*lia  for  the  typhoid  bacillus, 
and  an  enormous  incrcxise  of  the  organisms  in  the  milk  between  contam- 
ination and  consimiption  may  occur,  without  visible  changes  in  the  milk. 
Unbooked  vrgctabUs,  salad,  radishes,  etc.,  may  he  responsible  for  typhoid 
infection,  and  of  recent  j-ears  it  lias  also  been  shown  that  ttysU'Ts   may 
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j,1)e  a  source  of  danf^er.  Conn  '***  wflfl  the  first  to  Fuggpflt  this,  traeinR 
an  epidemic,  which  broke  out,  to  this  cause.  Experiments  by  Footc  **** 
fihowed  that  typhoid  bacilli  may  be  found  alive  in  oj'sters,  within  three 
-weeks  after  they  had  (iisapj^ared  from  the  surrounding^  water.  Wlnle 
there  is  veiy  little  question  us  to  the  possibility  of  this  form  of  hifection, 
it  probably  doo-*'  not  occur  very  often.  In  the  investifrations  of  Rose- 
in,  Lumsden  and  Kaptle  **'  it  was  foimd  to  he  a  ne^hpble  factor 
in  the  cascj*  of  typhoid  fever  oceurrinR  in  the  District  of  Columbia. 

That  flies  play  a  very  imi>or1ant  r61c  in  the  carr\'inp:   of   typhoid 

tacilli  from  feces  to  food,  was  sugj^ted  by  Vaughan  and  by  Veeder  "^ 

in  I8f>8.     Vauphan  studie<!  this  particularly,  and  plinwed  that  in  the 

Army  camps  in  1808,  flies  flew  directly  from  the  latrinee  to  the  kitchen; 

fact,  he  found  hypochlorite  of  lime  on  the  food,  picked  up  by  the  flies 

the  latrines.     During  the  late  war,  there  can  be  ver>'  Uttle  question 

ibout  the  fact  that  the  enormous  morbidity  of  intestinal  diseaees  which 

L[*>ccurre<i  in  the  Allie<l  Armies  at  various  times,  and  especially  daring 

^he  July  offen.sive  at  Chateau  Thierrj',  was  caused  by  open  latrines  and 

lies,  typhoid  epidemics  being  avoided  only  by  the  universal  vaccination 

the  Armies, 

As  water  supplies,  nulk  supplies,  etc.,  are  being  supervised  and, 
;hcrefore.  excluded  as  sources  of  typhoid  infection,  contact  infection  is 
^coming  more  and  more  important.     As  a  matter  of  fact,  the  recent 
'"studies  of  typhoid  morbidity  seem  to  indicate  that  contact  infection  is 
growing  to  l)e  the  chief  problem  in  the  prevention  of  ty])hoid  fever, 
^Frosch  who  analyzed  078  cases,  concluded  that  65.6  per  cent  were  con- 
tact infections,  and  Drietdski  makes  similar  estimates.     Such  infections 
may  be  from  individual  to  individual  by  close  conta'.t.     They  may  be 
from  cook  and  kitchen  perwnnel,  to  raw  food  to  consumer.     Instances 
of  such  infection  are  frequent,  the  most  famous  one  being  that  of 
/* Typhoid  Mary"  who  was  recently  made  the  subje<^t  of  a  special  pub- 
ication  by  Soper."^    This  woman,  a  cook,  worked  for  eight  families  in 
"the  course  of  ten  yeai*s,  during  which  time  7  outbreaks  directly  trace- 
able to  her  occurreii.     Since  that  time  her  movements  from  place  to 
place  have  usually  been  followed  by  circumscribed  epidemics.     Again, 

'*(?tfnn,  Metiiral  Record,  December,  1894, 

»"  FooU\  MeduittI  News,  1.S95. 

'"  Rtfi^ufiu,  Lumadrn  and  Kn^tle,  Pub.  No.  52,  Hyg.  Lab.  U.  S.  Pilb.  Health 

1908. 
»'s  Krrrfrr,  Mediral  RecowJ,  45,  18»8. 
"«5<?pw,  Militao'  Surgeon,  45,  1910,  1, 
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contact  infection  may  take  place  from  fomitc?s— fingers — food  to  mouth, 
that  is,  towels,  bed  clothing,  underclotliing,  etc.,  ivnd  emphasizes  the 
importance  of  sanitary  paper  towels,  etc.,  in  toilets. 

Since  in  contact  infection  the  case  is  of  relatively  Uttle  danger, 
largely  because  of  the  fact  that  danger  of  a  case  is  so  w^ell  recognized 
and  precautions  against  transmission  from  such  a  source  are  easily 
taken,  and  have  become  matters  of  routine  in  well-wgulated  sick-rooms 
and  hospitals,  the  interest  in  these  infections  centere  upon  the  typhoid 
carrier. 

The  Prevention  of  Typhoid  Pever.^'* — Tlie  nicasiues  which  arc 
nece-ssary  for  the  prevention  of  typhoid  fever  can  be  ea-'^ily  deduced 
from  a  consideration  of  the  material  in  the  foregoing  paragraphs. 

Of  great  importance  is  recognition  of  cases,  hospitalization  and  i.sola- 
tion.  During  such  hospitalization  there  should  be  careful  attention  to 
disinfection  of  discharges.  steriUzation  of  bedding,  bed-pans,  eating 
utensils,  etc.,  etc.  Patients  should  never  be  discharged  from  hospitals 
until  the  urine  and  feces  have  been  found  free  from  typhoid  bacilli, 
and  several  examinationB  at  intervals  of  two  or  three  days  should 
be  negative  before  this  is  considered  to  be  the  case.    .  . 

Attention  to  sewage  disposal,  water  supplies,  Qhration  and  chlorina- 
tion  of  water  with  constant  supervision  of  such  plants  from  both  a  bac- 
teriological, chemical  and  engineering  point  of  view. 

Similar  6uper\'i«ion  of  milk  supply,  with  especial  attention  to  the 
carrier  state  of  the  pereonncl  of  dairies  and  milk  handlers. 

Public  health  arrangements  for  the  imme<liato  epiden  iolog ical  study 
of  cases  which  occur  and  laboratoiy  facilities  for  the  tracing  of  carriers 
indicated  by  such  epidemiological  studies. 

Eventual  examination  for  the  carrier  state  of  food  handlers,  pro- 
fessional cooks,  and  ejcclusion  from  such  profesfiions  of  people  found  to  be 
carriers. 

Community  measures  for  the  suppression  of  fly-breeding  places  and 
flies,  screening  of  kitchens,  and  the  absolute  elimination  of  open  latrinee 
of  any  kind. 

The  prevention  of  oyster  culture  near  sewage  oulleta. 

Finally,  more  and  more  attention  nmst  ho  given  to  generalized 
vaccination. 

Vaccination  and  Specific  Hierapy  in  Typhoid  Fever. — The  failure 
to  produce  a  soluble  toxin  from  typhoid  cultures  has  naturally  so  far 

>"See  RoBCDau's  Hygiene— Also  Zinseer— Preveotion  of  Com.  Dis.  in  Nebon's 
System,  1921. 
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precluded  the  possibility  of  an  antitoxin  therapy,  such  as  that  which  ha** 
l>oen  successful  in  diphtlieria.  In  the  li^ht  nf  our  present  knowledge 
of  the  poisonous  pi-o<lucL8  of  the  t^'phoid  bacilKis  it  seems  but  natural 
that  attempt-s  by  earli:*r  investigators  to  apply  the  principles  of  Beh- 
ring's  work  to  typhoid  fever  were  doomed  to  fail.  Attempts  to  employ 
specific  bactericiflal  and  bacteriolytic  sera  for  therapeutic  piuposes  in 
this  disease  have  also  been  without  favoitible  result. 

Active  Prophylactic  Immunization. — We  have  seen  that  work  by 
Pfeiffer  and  Kolle  and  later  by  many  others  has  shown  that  it  ix  com- 
paratively easy  to  immunize  animals  actively  against  typhoid  infection 
by  the  sjtematic  injection  of  grade<i  dosea,  at  first  of  dead  bacilli,  later 
of  fully  virulent  live  cultures.  Attempts  to  apply  these  principles  pro- 
phylactically  have  been  made  recently  on  a  large  scale  by  Wright  and 
his  associates  ufwn  English  soldiers  in  South  Africa,  and  by  Gemian 
observers  in  East  -\frica. 

The  first  recorded  experiment  of  this  sort  which  was  done  upon 
human  beings  was  that  of  Pfeiffer  and  Kolle,"*  who  in  1896  treatecl  two 
indivifluals  with  subcutaneous  injections  of  an  agar  culture  of  typhoid 
bacilli  which  had  been  sterilized  at  50°  C.  The  first  injection  was  made 
with  2  cmm.  of  this  culture.  Three  or  four  hours  after  the  injection  the 
patient  suffered  from  a  chill,  his  temperature  gradually  rose  to  105°  P., 
and  there  waj<  great  prostnition  and  headache,  but  within  twenty-four 
hours  the  temperature  hat!  returned  to  normal. 

This  experiment  showed  that  such  injections  could  be  practiced  upon 
human  beings  without  great  danger. 

Simultaneously  with  the  work  of  Pfeiffer  ami  Kolle,  Wright  "• 
conducted  similar  experiments  on  officers  and  privates  in  the  English 
army. 

The  actual  number  of  persons  treated  directly  or  indirectly  under 
Wright's  "'  supcn'ision  in  an  investigation  covering  a  period  of  over  four 
years  comprise<i  almost  one  hundred  thousand  cases.  The  methods 
employed  by  Wright  have  been  mwUfied  several  times  in  minor  details; 
the  principles,  however,  have  remained  consistently  the  same.  In  the 
first  experiments  Wright  employed  an  agar  culture  three  weeks  old^ 
grown  at  37°  C,  then  sterilized  at  a  temperature  below  C0°  C,  and  pro- 
tected from  contamination  by  the  arldition  of  five-tenths  per  cent  of 


'"  Pfeiffer  und  Kolle,  Dout.  med.  Woch  ,  xxii,  1896,  xxiv,  1893. 
>w  ITnffft^  Lancet,  Sept.,  1898.  ■• '     "■>'•'    •  ^^.    '. 

'"  Wright  and  ScinpU,  Brit   Med.  Jour.,  1897;  Wrigfd  and  Leuhmann,  Brit.  Mod. 
Jour.,  Jan.,  1900. 
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carbolic  acid.  Later,  Wright ''®  employed  bacilli  grown  in  a  neutral 
1-per-ceut  pepton  bouilluu  in  shallow  layere  of  duties. 

Great  importance  is  attached  both  to  the  vinilejice  of  the  typhoid 
strain,  which  may  to  a  moderate  extent  be  standardized  by  pas8age 
through  guinea-pig^,  and  to  care  in  using  low  tejnperatures  for  tinal 
sterihzation.  The  temperature  recommended  by  Harrison,  is  52°  C. 
after  which  the  cultures  are  carbolized. 

It  is  nevertheless  extremely  diflBcult  to  tabulate  satitifactory  statis- 
Uca  from  a  mass  of  experiments  observed  by  a  large  number  of  indi- 
viduals. On  the  whole,  however,  it  seems  fair  to  state  that  advan- 
tageous results  followed  the  active  immunization  practiced  by  Wright. 
Wright's  own  estimation,  in  a  careful  attempt  to  present  the  subject 
fairly,  gives  a  reduction  of  the  morbidity  from  typhoid  fever  in  the 
British  army  of  50  per  cent,  and  a  rciluction  of  the  mortaUty  of  those 
who  became  infected  in  spite  of  inoculations  of  50  per  cent  also.  It  is 
not  at  all  impossible  that  a  number  of  different  strains  will  liavo  to  be 
used  eventually  for  the  ideal  vaccine,  inasmuch  as  the  antigenic  differ- 
ences which  have  been  recently  discovered  would  make  it  seem  that  no 
single  strain  can  be  expected  to  pro<iuee  antilxKJies  which  would  protect 
against  all  other  strains.  It  is  not  impossible  tliat  some  individual 
Strain  may  combine  the  antigenic  properties  of  the  entire  group.  This, 
however,  has  still  to  be  worked  out. 

The  method  of  Pfeiffer  and  Kolle  consista  in  the  injection  of  salt- 
solution  emulsions  of  fre»h  agar  cultures  sterilized  at  60°  C.  The 
results  reported  were  in  general  favorable. 

Elxtensive  teste  in  the  United  States  Army,  ob8er\'ed  by  Russell,'*^ 
liavc  removed  any  doubt  which  may  have  existed  as  to  the  efficacy  of 
prophyUctic  typhoid  vaccination.  Russell's  statistics  show  a  steady 
decline  of  typhoid  in  the  U.  S,  Army  beginning  with  the  introtluction 
of  compulsory  vaccination  in  1910.  In  1913  there  was  but  one  case 
among  over  80,000  men. 

The  method  at  present  employed  is  as  follows:  The  '*Rawlings" 
strain  of  typhoid,  obtained  from  Wright,  is  used.  Eighteen-hour  agar 
cultures  in  Kulle  flasks  aw.  washed  off  with  sterile  saline  to  an  approxi- 
mate concentration  of  one  billion  to  the  cubic  centimeter.  The  sus- 
f>ension  is  killed  at  53^  C.  for  one  hour  and  0.25  per  cent  tricresol  is 
added*    Aerobic  and  anaerobic  culture  controls  are  made  and  a  rabbit 


"■  WnghU  Brit.  Med.  Jour.,  1901;  Lancet,  Sept.,  1002;  Brit.  Med.  Jour.,  Oct., 
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and  mouse  inoculiit^Ki  to  injure  sterility.  For  immunization  3  lo  4 
doses  arc  jnvcn  mn^n^  in  quantity  from  500  million  to  one  billion  at 
flcven-  lo  ten-day  intervals.  The  protection  probably  lasts  about  two 
years,  though  this  is  not  certain. 

Another  point  of  importance  in  this  connection  has  recently  been 
nuHod  by  Metchnikoff  and  Besredka.^-**  They  vaccinated  chimpanzees 
with  t.x-phoid  bacilli  and  found  that  when  emulsions  of  the  clear  bac- 
teria were  used,  protection  was  only  slight.  Better  results  were  obtained 
— that  in,  apparently  complete  protection  within  eight  to  ten  days — 
when  li\ini;  sensitize*!  bacteria  wore  injecte<i  (bacteria  which  had  been 
exposed  to  the  action  of  inactivated  immune  serum.)  Broughton  has 
applied  this  mctiiod  to  human  beings.  Gay^**  has  also  prepared  a  sen- 
sitised dead  typhoid  vaccine  which  he  has  used  in  a  considerable 
number  of  cases.  It  will  take  some  time,  however,  before  a  statistical 
estimation  of  the  superiority  of  this  method  over  the  older  vaccination 
with  dead  bacteria  will  he  ijossible. 

Gay'*  sensitizes  his  bacilli  with  strong  immimc  serum,  precipitates 
with  alcohol.  dri(\s  and  grinds  them  into  powder,  and  uses  weighed 
amounts  of  the  powder. 

During  recent  years  in  F'rance  another  form  of  vaccine  has  been 
used  which  has  advantages  wliich  lead  to  its  general  adoption,  if  its  ijii- 
munizing  vahie  can  be  succeasfully  proven.  This  is  the  so-called  '*lipo- 
vaccine."  It  consists  of  t>7)hoid  cultures  grown  on  agar,  taken  up  in  salt 
Bolution,  the  sefliment  partially  dried,  and  then  shaken  up  with  ohve  oil, 
the  formula  for  which  is  not  available.  It  can  also  be  produced  by  grind- 
ing up  the  typhoid  sediment  with  lanolin  and  shaking  up  this  well-ground 
paste  with  sterile  olive  oil.  Great  ilifficidty  has  been  encountered  in  the 
^..Sterilization  of  this  vaccine,  a  matter  which  still  needs  much  investiga- 
lion.  The  vaccine  has  the  advantage  of  giving  much  diminished  reac- 
tions^ and  it  is  claimed  that  three  times  the  amounts  given  in  the 
ordinar\'  saline  suspensions  can  be  given  without  serious  discomfort  to 
the  patient.  There  is  probably  slow  absorption  of  this  vaccine  and  it  is 
claimed  that  a  single  dose,  because  of  the  slow  absorption  of  the  organ- 
isms, may  Vh^  suihcient  to  vaccinate. 

During  the  recent  war,  t^T^hoid  vaccination  has  thoroughly  justifiinl 
hself.  We  arf»  not  in  fX)saessiou  at  the  i>resent  writing,  of  consolidated 
reports  of  all  the  European  Armies,  but  the  Sui-geon  General's  report  for 
the  United  States  Army,  pnblislicd  in  1910.  shows  the  magnificent  results 
obtained  by  \Tic(tnation  rn  .\tnericaa  troops.    During  the  pre-vaccination 


i*»  Mrichnikoff  und  Besredka^  Am.  de  I'inai.  Post.,  1911. 
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days  in  the  Ci\'il  War  and  the  Spanish  American  War.  the  adnuRsion 
rates  for  typhoid  fever  were  enormous.  During  the  first  year  of  the 
Civil  War  the  annua!  admssicn  rate  was  70.69,  with  a  death  rate  of  19.61, 
and  it  is  likely  that,  in  addition  to  this,  a  large  number  of  unrecognized 
cases  occurred.  During  the  Spanish  American  War  and  the  Pliilippinc 
Insurrection  in  the  years  189S  to  1899,  the  annual  admission  was  91.22^ 
and  the  death  ratt'  9.67.  During  the  last  Worid  War  the  method  of 
vaccination  use<l  consistetl  in  three  inocidations  at  seven-day  intervals, 
of  the  salt  solution  suspension  triple  vaccine,  containing  typhoid 
**Rawlings,"  paratj-phoid  A  and  B,  the  first  dose  containing  one-half 
million  bacilli,  and  the  second  and  third  containing  a  billicm  each.  The 
typhoid  rate  was  so  low^  in  the  camps  in  the  United  States  that  a  young 
man  in  the  camp  had  45  times  less  opportunity  of  getting  typhoid  fever 
than  did  the  same  age  group  in  ci\Tlian  life  during  the  same  period. 
Although  approximately  three  million  men  passed  through  the  camps 
during  the  course  of  1018,  the  actual  admission  rate  for  the  United 
States  was  0.17.  In  Europe,  in  spite  of  the  most  terrific  sanitary  condi- 
tions in  some  of  the  battlefields  diuing  the  sunmier,  ami  with  perhaps 
two  milUon  troops  in  France,  there  were  only  488  cases  with  88  deaths, 
and  this,  in  spite  of  the  fact,  as  we,  ourselves,  observed,  that  tlic  oppor- 
tunities for  transmission  were  enormous  in  battle  areius  in  which  sani- 
tation was  practically  impossible,  and  water  supplies  were  bad  and 
could  not  be  corrected. 

The  question  still  remains  as  to  how  long  typhoid  vaccination  can  be 
regunieii  as  efficient.  There  is  no  absolute  information  upon  wliich 
opinions  can  be  based.  Vaccination  is  not  a  complete  pmtection  at  any 
time,  and  a  recently  vaccinated  individual  may  stdl  occufiioually  con- 
tract the  disea^se  if  he  is  injected  with  a  large  dose  of  vinilcnt  organisms. 
The  prot-ectinn,  however,  is  ver>'  powerful  and  will  pnweiil  contraction 
of  the  di.sease  from  the  ordinary'  chance  infection.  We  should  state  on 
general  infonnatioD  that  repetition  every  two  yeai-s  ought  to  be  suf- 
ficient for  civilian  purposes.  For  the  armies  in  the  field,  we  ourselves 
would  favor  a  first  vaccination  with  three  doses  as  stated  alxJvc,  and 
igle  or  double  doses  repeated  every  six  months. 

Specific  Treatment  of  Typhoid  fct'er.^*— Anti-sera  against  typhoid 
fever  have  been  produced  by  a  large  numl>er  of  workers,  notably  Chante- 
meflae"^*  and  Besredka '^  l>olh  of  whom  used  the  senun  of  horses 
immimiaed  with  typhoid  bacilli  or  **endo-toxin/'  so-called.    Garbat 


»'  Chantemesne,  Prog,  med.,  7,  1989.  246. 
^"Besredka,  Ann.  lotft.  Post.,  16,  1902,  918. 
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aod  Meyer  *^  bdieved  that  an  improvement  of  resulte  could  be  obtained 
by  mixipg  the  aera  of  animals  that  had  been  immunized  with  sensitiied 
bacteria  and  those  treated  with  normal  typhoid  bacilli. 

At  the  present  time,  however,  practice  has  not  sustained  the  hopes  of 
a  qiecific  pasrive  immuniiation  in  the  treatment  of  typhoid  fever. 

finee  1893,  various  workers  have  tried  to  treat  typhoid  fever  by 
inleetiiig  JdDed  cultures  or  vaccines  of  typhoid  bacilli.  No  results  of 
importance  were  obtained  until  Ichikawa  ^^*  in  1914  began  to  inject 
dead^lyphoid  bacilli,  intravenously.  Gay  and  Claypole  ^^  and  others 
h^ve  i&iee  taken  up  this  method.  The  intravenous  injection  of  vac- 
cineB  in  this  way  has  given  most  astonishing  results  in  that  the  injection 
baa  usually  resulted  in  a  violent  reaction,  with  often  a  chill  and  sudden 
drop  of  temperature,  and,  subsequently,  very  often  definite  improve- 
pnent  of  the  cases.  Althou^^  this  method  was  at  first  r^arded  as  spe- 
CB$e  by  the  writers  mentioned  above,  Kraus  ^^  in  1915  showed  that  he 
OQuld  produce  amilar  reactions  in  typhoid  patients  with  colon  bacilli, 
aa  wen  as  with  typhoid  bacilli,  and  similar  observations  were  made  by 
%itAi$  ^  and  others.  It  is  now  quite  clear  that,  whatever  results  are 
obtaiped  by  such  treatment  of  typhoid  patients,  they  cannot  be  regarded 
ap  specific  reactions  in  the  ordinary  sense  of  the  word. 

>*>  fltarM  and  Afeyer,  Zeit.  f .  eicper.  Pfttb.,  8.  1010,  1. 
iM/cMkmn,  Mittol.  d.  medic.  OeBaeUsch.  lu.  Tokio,  1914,  28,  H.  21. 
^Oay  spd  CiaifpdU,  Aich.  Inter.  Med.,  12,  1913,  613. 
.  >■  JTr^iu,  WIen.  klin.  Woch.,  1915, 29. 
wL<^  Mundk.  med.  Woch.,  1915,  321. 

*Vlpr  A  thonm^  and  dear  treatment  of  the  problem  connected  with  typhoid 
;  SM  Qay,  Ty^bnaA  Fever,  MaoMiUan  and  Conqmny,  New  York,  1918. 
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BACILLI  OF  THE  PABATTPHOID— SNTEBITIDIS  QROUP 
AND  THE  PABATYPHOm  IKFEOTIONS 

{Bacilli  of  Meat  Poisoning  and  Paratyphoid  Fever) 

There  is  an  extensive  group  of  Gram-negative  bacilli  which  because 
of  their  morphology,  cultural  behavior,  and  pathogenic  properties, 
are  classified  as  intermediate  between  the  colon  and  the  typhoid  types. 
The  microon?anisms  belonging  to  this  group  have  been  described,  most 
of  them,  within  the  last  fifteen  years,  but  few  of  them  have  been  fully 
identified  with  one  another.  They  have  been  variously  designated  as  the 
"hog-cholera  group,"  "the  enteritidis  group,"  the  "paracolon  group" 
or  "paratyphoid  group,"  because  of  the  pathological  conditions  with 
which  the  chief  members  imder  investigation  have  been  found  associated. 

Attempts  to  systematize  the  group  by  the  comparative  study  of  a 
large  number  of  its  members  have  been  made,  notably  by  Buxton  ^ 
and  by  Diu-ham,^  and  the  work  of  these  writers,  based  on  cultural  and 
agglutinative  studies,  has  added  materially  to  our  knowledge  of  these 
organisms. 

The  microorganisms  of  this  group  are  morphologically  indistinguish- 
able from  the  colon  and  typhoid  bacilli.  They  are  Gram-negative  and 
possess  fiagella.  Their  motility  is  variable,  but  usually  approaches 
that  of  the  typhoid  bacilli  in  activity.  They  correspond,  furthermore, 
to  the  two  other  groups  in  their  cultural  characteristics  upon  broth^ 
agarj  and  gelatin.  On  potato  they  vary,  some  of  them  approaching  in 
delicacy  the  typhoid  growth  upon  this  medium,  others  more  closely 
approximating  the  heavy  brownish  growth  of  B.  coli.  Indol  is  rarely 
formed  by  them,  though  this  has  not  been  absolutely  constant  in  all 
descriptions.    As  a  group,  they  are  easily  distinguished  from  Bacillus 

>  Buxton,  Jour.  Med.  Rea.  N.  S.,  iii,  1900. 
'  Durham,  Jour.  Exper.  Med.,  v,  1901. 
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typhosus  on  the  one  hand,  and  from  Bacillus  coli  on  the  other,  by  the 
following  simple  reactions  tabulated  by  Buxton.^ 


B.  CoU. 


Paratypfa.  etc. 


B.  TyphMtu. 


Coagulation  of  milk 

Production  of  indol ...  * 

Fermentation  of  lactosje  with  gas 

Fenncntation  of  dextrose  with  qm 

Agglutination  in  typhoid-immune  serum 


+ 


-  (ac.) 

4- 


The  simplest  dififerentiation  between  the  large  groups  can  be  made  by 
fermentation  tests  as  follows: 


Gas  upon 
Dextrose. 

Gas  upon 
Lactose. 

Gas  upon 
Saccharose. 

Gas  on 
Ouleit. 

B.  t}rpho8Us 

+ 

+ 
+ 

+ 
+ 
+ 

+ 

Intermediates 

B.  coli  communis 

+ 

B.  coli  commimior 

B.  acidi  lactici 

+ 

B.  lactis  aSrogenes  * 

- 

*  Jackson. 

Pathogenically,  the  bacilli  of  this  "intermediate  group"  have  attracted 
attention  chiefly  in  connection  with  meat  poisoning,  and  with  protracted 
fevers  indistinguishable  from  mild  typhoidal  infections. 

General  Survey  of  the  Group. — In  1888,  Gartner  *  described  a  bacillus 
which  he  isolated  from  the  meat  of  a  cow,  the  ingestion  of  which  had  produced 
the  symptoms  of  acute  gastrointestinal  catarrh  in  57  people.  One  of  these  died  of 
the  disease  and  the  bacilli  could  be  demonstrated  in  the  spleen  and  blood  of  the 
patient. 

This  bacillus,  called  BcunUus  enterUidis  by  Gartner,  was  actively  motile, 
formed  no  indol,  but  produced  gas  in  dextrose  media.  Acute  gastrointestinal 
63Tnptoms  could  be  induced  by  feeding  the  organisms  to  mice,  guinea-pigs, 
rabbits,  and  nheep,  and  the  bacilli  could  be  recovered  from  the  infected  animals. 
The  bacterial  bodies  themselves  were  found  by  G&rtner  to  be  toxic,  containing  a 
poison  which  was  extremely  resistant  to  heat.  Sterilized  cultures  showed  the 
same  pathogenic  effects  as  the  living  bacilli.    Epidemics  of  meat  poisoning  sim- 


^  Buxton,  loc.  cit. 

^Gdrtner,  Corresp.  Bl.  d.  Aerzt.  Vcreins,  Turingen,  1888. 


PATHOGENIC  MICROORGANISMS 


ilar  to  the  one  described  by  Gartner,  in  which  similar  bacteria  were  isolated* 
were  those  described  by  Van  Ermengom,'  occurrinj?  ut  Moreeele  in  1891,  the  one 
doecribed  by  HoWt,'  the  Rotterdam  epidemic  described  by  PoeLs  and  Dhont/ 
the  one  described  by  Basenau,  and  many  others. 

Baciihis  Morseeie  of  Van  Erinengeiu,  Bacillus  bovis  morhificans  of  Basenau,* 
and  bacilli  isolated  in  similar  epidemics  by  others,  are,  except  for  slight  differ- 
encci^  in  minor  churacteristict*,  almoat  identical  with  Gartner's  micrtKjrganism, 

In  1893,  Theobald  Smith  and  Moore  '"  noted  a  great  similarity  between  the 
so-called  hog-cholera  bacilliift,  the  bacilli  of  the  Gartner  group,  and  BaciUws 
typhi  murium  ifiolaled  by  Loeffler.  These  ol)8cr\'ers  first  used  the  term  "hog- 
cholcra*'  Rroup  for  the  organisms  under  discussion. 

In  IS99  RmkI  and  Carroll  "  noted  that  Bacillus  tdcroides,  associated  by 
Sannrelli  with  yellow  fever,  was  cidturally  similar  to  the  bacillus  of  hog 
cholera. 

Meanwhile,  other  observers  had  been  isolating  bacilli,  similar  to  those 
spoken  of  above,  from  cases  of  protracte<l  fevers  in  human  beings,  often  closely 
simulating  t>7)hoid  infections.  The  first  canes  of  Uiis  kind  on  record  were  those 
of  Achard  and  Bonaaude." 

In  1S97,  Widal  and  Nnbecourt  "  descrilje<l  a  bacillus  which  they  had  isolated 
from  an  esophageal  al>*ceKs  folkiwing  typhoid  fever,  which  closely  resembled 
Bacilla**  psittacosis  of  Nocard,'*  and  which.  foUowng  a  nomcndiiture  prcnously 
suggested  by  Gilbert,"  they  designated  the  paracolon  bacillus.  This  micro- 
organism, isolated  from  a  parrot  by  Nocard,  showed  a  close  resemblance  to 
bacilli  of  the  Gartner  group. 

There  arc  a  large  number  of  apparently  nonpathogenic  organisms  sometimes 
referred  to  as  paratyphoid  C,  but  better  perhaps  as  "heterogeneous  types," 
which  are  culturally  identical  with  the  poratA'phoid  but  do  not  agglutinate  in 
cither  paratyphoid  A  or  B  sera.  An  anti-s<.Tum  produced  with  these  types 
usually  reacts  with  tiie  homologous  strain  only.  Such  organisms  have  l)oen 
tftudied  by  Krumwiede  and  many  others,  including  ourselves.  Stniins  recently 
isolated  at  this  laboratory  came  from  cense  of  nephritis,  Genuan  measles, 
jaundice,  and  the  stools  of  healthy  soldiers,  plated  as  a  matter  of  routine. 

In  IS98,  Gwyn'*  reportfd  a  ea^e  at  the  Johns  Hopkias  Hospital,  which  pre- 


1892; 


Trav   de  lab.  de 


•  Van  Brmengem,  Bull,  Acad.  d.  m^d.  de  Belgique, 
Puniv  dcGand."  1802. 

'  IIolM,  Rcf.  Crnt  f  Bakt ,  xvii,  1^15. 

■  Poela  und  Dhonl,  Holland  Zcit   f.  Ticrheilkunde.  xxiii,  1A94. 

*  Basenau,  Arch   f.  Hyg  ,  xx,  1894 

*■  Th  Smifh  and  Afonrr,  U.  S.  Bureau  of  Aniimil  lndu8tr>'  Bull  ,  vi,  1894. 

"  Heal  niid   CarroUj   Medical   News,   lx.xiv,    1H99. 

*^  Arhatri  and  BenmwU,  Bull  de  la  sor.  d   liApitaax  de  Paris,  Nov  ,  1906. 

^  Widtd  ct  Nobecourt,  Semaiuo  tsUd.,  Aug  .  1897. 

^*  Nocard,  Rcf  Baumgarlcn's  Jahrwb..  1890 

^Gilbert,  Semoine  mOd  ,  1895. 

><  Guyn,  Johns  Hopkins  Hoep.  Bull.,  1898- 
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sentcd  ull  the  symptoms  of  t^'phoid  iGver,  but  l&okcd  scrum  ag^utinatiog  power 
for  Bocillua  typhosus.  From  the  blood  of  the  patient,  Gwyu  ii>olated  an  orgnii- 
ism,  with  cultural  characterLsCics  similar  to  tho8o  of  the  Gartner  bacUluu,  which 
he  called  a  "paracolon  I>acillus."  This  bacillus  was  agglutinated  specifically 
by  the  serum  of  the  patient. 

Gushing,*'  in  1000,  i'*<jlnted  a  similar  microorganism  from  a  coetochondral 
abecesp,  appearing  during  convalescence  from  supposed  tA'phoid  fever. 

In  the  siinie  year,  Schottmiilier  '■  reported  five  cases  from  which  similar 
bacilli  were  if^olated.  Carefid  cultural  studies  of  the  microorganisms  here 
obtained  showed  that  they  could  be  tlivided  into  two  similar,  yet  distinctly 
different  types,  one  of  them,  the  "  Miiller  "  organism  (later  "  A  "  type),  approacli- 
ing  closely  to  the  t>-phoid  type,  especially  in  its  growth  upon  potato;  the  other, 
the  "8eeman*'  t\'pe  (later  "B"  type)  corresponding  more  closely  to  theG&rt* 
net  bacilli.  Similar  cases  were  rep^irted  by  Kurth,"  Buxton  and  Coleman," 
Libraan,"  and  othew. 

The  two  types  of  organisms,  paratyphoid  A  and  B  described  by  Schott- 
miiller  and  studied  by  many  other  obsen'ers,  can  be  culturally  differentiated, 
though  not  without  difficulty. 

Diflferential  Considerations. — The  differentiation  of  the  various 
organisms  within  tht.^  paratyphoid,  enteritiiiis  group  is  a  vcr>'  difficult 
matter.  The  paratyphoid  '*A"  organisms  split  off  rather  easily  from 
the  rest  of  them,  and  seem  to  represent  a  fairly  homologoas  group.  The 
Daratvi>hoid  '^A"  organism.'g,  as  shown  by  Ford,^  and  more  partirvilarlv 
by  Kruinwiodt;  :vtu1  Kohn>''*  difTcr  from  the  rest  of  the  organisms  of  this 
general  group  in  not  fermenting  xylose.  Also,  they  do  not  change  lead 
acetate  agar  Serologically,  it  may  be  said  in  a  general  way,  though  it 
is  not  absolutely  true,  that  paratyphoid  *'A'*  represents  an  antigenically 
homologous  group  and  that  a  scrum  produced  with  one  member  of  the 
"A"  group  will,  in  a  general  way,  pcssess  antibo<lies  against  other  ''A" 
organisms.  The  i*emaining  oi-ganisms  of  this  pnrat>'phoid  group  differ 
materially  from  each  other  and  cannot  be  subdivided  into  final  groups, 
as  yet.  However,  a  tentative  grouping,  based  partly  upon  the  sources 
from  which  they  were  6btained  and  partly  upon  fermentations  and 
serological  reactions,  can  be  attempted,  and  a  great  deal  of  valuable 
work  in  this  tiirection  has  been  done  by  Theobald  Smith  and  his  co- 
if Cuahini/,  Johns  Hopkins  Hasp.  Bull..  1900. 

^*  SchoUmilUer,  Deut.  med.  Woeh.,  1900;  Zeit.  f.  Hyg.,  xxvi. 

"  Kurth,  Deut.  med.  Woch.,  1901 

^Bujlon,  and  Coletnan,  Proc.  X.  Y,  Pathol.  8oo.,  Feb.,  1902. 

»i  Libman,  Jour.  Med.  Res..  N   S.,  iii.  1902. 

"  Ford,  Mod.  Nows,  June  17.  1905. 

"  Kmmwkdr  and  Kohn,  Jour.  Med.  Res.,  36,  1917,  509. 
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workers,  by  Smith  and  Ten  Broeck,-"*,  by  Krrnnwiede,  Prutt  and  Kohn.-'* 
and  many  others.  The  following  fermentation  chart  indicates  briefly 
a  summary  of  the  reactions  of  (he  more  common  nieml>crs  of  i\m  ^roup, 
chiefly  constructed  according  to  the  work  of  I\rumwie<Ie  and  his  co- 
workers. 
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Tliis  table  brings  out  a  ver>'  important  point  namely,  that  xylose 
fermentation  is  one  of  the  sharply  differential  characteristics  oetween 
paratyphoid  "A"  and  iiii  tin;  iv.st  of  the  group.  VVlicther  or  not  it  is 
possible  to  differenliato  Ijy  cultural  study  between  the  *'B"  organisms 
of  man  and  those  derived  from  dilTerent  animal  sources  is  queetiopable. 
We  do  not  Ix'lievc  that  it  can  be  done  reliabl}'  at  the  present  time, 
though  certain  stuiliea,  by  the  writera  nametl,  on  the  quantitative  ivla- 
tionship  between  reduction  of  fuchsin  and  fermentation  of  dulcite  and 
arabinose  would  hold  out  soiiie  hope  for  future  clarification  of  this 
difficult  problem.  These  writors,  however,  also  call  attention  to  a  fact 
noted  in  a  less  extensive  way  by  us  and  l>y  many  othi»r  writtM*8,  namely, 
that  agglutination  and  cultural  reactions  do  not  correlate  in  many 
instances  witliin  this  group.  This  is  a  thing  which  Theobald  Smith 
pointed  out  not  only  for  this  group  but  for  other  groups  of  bacteria 
some  time  ago,  and  would  lead  us  to  be  slow  to  assume  that  either 
agglutination  or  even  cultural  similarity  are  alwaj-s  to  be  regarded  as 
definitely  signifying  biological  relationship. 

This  opinion,  too,  is  confirmetl  by  the  extensive  and  careful  investi- 
gations of  Jordan  which  the  reader  interested  in  this  subject  may  find  in 
the  series  of  papers  publishe<i  in  the  Journal  of  Infectious  Diseases, 
Volumes  20,  21,  22,  23  and  26.     Jordan  ^  finds,  for  instance,  that  the 

"  Smith  ftod  Tm  Broeek^  Joiir.  Med.  R«s.,  31,  I91A,  503  and  547. 
»  Krumtritdt,  Partt  and  KoAri,  Jour.  Med.  Res.,  34.  19111,  H4  arul  355.  pp.  66,  357 
and  443. 

»  Jordan,  Jour.  Infoc  Dis  ,  Vote.,  20,  21,  22,  23  and  a«. 
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B.  ent^ritifiis  (zr^'np,  in  other  words,  the  meat  poisonlnp;  jtrcnp  of 
inan,  is  culturally  indistinguishable  from  other  paratyphoid  "B" 
organisms,  but  repre^nts  a  distinctive  agglutinative  group,  at  least  in 
the  strains  obtained  by  him. 

Jordan  ndd;^  in  his  last  paper  of  1920  that  there  is  no  escape  from 
the  conchision  tluit  variations  are  common  in  the  paratj-phoid-cnter- 
itidis  group,  )x)th  as  to  fermentation  and  agglutination.  He  sum- 
niarizps  that  the  most  permanent  charnrtoristics  t)f  the  group  are  the 
fact  that  rhamnosc  is  fermented  by  all  the  paratyphoids,  but  is  not 
fermentefi  by  typhoid;  that  paratyphoid  "A"  neglects  to  ferment 
xylose,  whcretis  all  the  other  members  of  the  group  do  fenncnt  xylose. 
Added  to  this  is  the  fundamental  ability  of  the  group  as  a  whole,  includ- 
injc  the  typhoid  bacilli,  to  attack  glucose.  These  fermentation  charac- 
teristics are  fundamental,  are  the  leiiat  subject  to  change,  and,  according 
to  Jordan,  are  more  basically  characteristic  than  are  the  agglutinative 
reactions. 

PATHOGENICITY  OF  THE  PARATYPHOID  GROUP  FOR 

ANIMALS 

We  have  already  seen  that  organisms  of  this  group  cause  a  con- 
siderable number  of  different  animal  disease. 

B.  Hog  Cholera. — It  was  fonuerly  believed  that  hog  cholera  was 
due  to  the  bacillus  which  bears  this  name,  and  first  described  in  this  con- 
nection by  Salmon  and  Smith,-^  but  since  then  it  has  been  found  that 
this  disease  is  due  to  a  filtrable  virus.  The  constant  presence  of  the 
organism  in  animals  suffering  from  this  disease,  is,  therefore,  sometlung 
of  a  mystery,  but  is  probably  due,  as  Dorset  has  suggested,  to  the  fact 
that  the  organism  is  a  constant  inhabitant  of  the  intestinal  canal  in 
hogs,  and  manages  to  get  into  the  circulation  as  a  consequence  of  the 
pathological  conditions  incipient  to  hog  cholera.  It  is  worth  noting 
that  a  similar  association  of  organisms  in  blood  cultures,  etc.,  with  dis- 
eases of  which  they  are  obviously  not  the  primary  etiologicid  factor 
has  l)een  obsen'ed  in  other  conditions,  notably,  for  example,  the  Plotz 
bacillus  in  tyjihiia  fever. 

B.  Typhi  MmiUM. — In  rodents  diseases  caused  by  the  members  of 
the  paratyphoid  group  are  couunon.  We  have  already  spoken  of 
Loeffler's  cUscoven,^  of  the  B.  Typhi  Murium  as  the  cause  of  an  epidemic 
disease  of  mice,  a  condition  which  is  of  the  greatest  annoyance  to 
breeders  of  mice  for  cancer  research  and  other  laboratory  purposes. 

»  Salmon  (ind  Strtith.  Reo.  of  Com.  of  Aoji.,  Waah.,  1885  aud  1886 
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The  fact  that  this  organiam  cannot  with  r^ularity  be  distinguished  from 
the  hog  cholera  bacillus  and  some  other  members  of  the  paratyphoid 
*'B*'  groupf  opens  the  question  afi  to  whether  human  beings  can  be 
infected  by  organisms  derived  from  the  disease  in  mice.  In  connection 
with  attempts  at  the  wholesale  destruction  of  mice  by  infecting  bait  in 
traps  with  cultures,  in  the  hope  of  starting  an  epidemic  among  them, 
human  inftnitions  have  been  reported.  Trooms*lorf.-*  waw  tJie  first  to 
publish  such  cases.  Meyer  ^*  reported  an  accidental  laboratory  infec- 
tion from  which  he  conclude*!  that  in  man  thp  di^ea^  could  produce  an 
acute  and  rather  .severe,  but  short-lived  disease.  Shibajama^'^  haa 
reported  a  number  of  cai?<»s  which  he  carefidly  investigateil.  In  all  of 
them  there  was  definite  circumstantial  evndence  that  the  individuals 
hivd  been  exposed  to  infection  with  these  organisms.  In  one  of  them 
food  ha<l  been  taken  from  a  wooden  dish  in  which  mouse  typhoid  bacilli 
for  the  infection  for  biut  had  l>een  kept.  In  another,  a  peasant  woman 
accidentally  mixed  the  mouse  typhoid  cultures  with  flour.  In  another, 
again,  a  number  of  people  ha<l  eaten  meat  of  a  horse  which  had  been 
fatally  infected  by  accidental  mixture  with  its  fowl  of  mou.se  typhoid 
virus.  In  the  last  case,  34  people  were  infected,  one  of  whom  died. 
The  symptoms  were  violent  gastroenteritis,  coming  on  within  twenty- 
four  hours  after  eating  of  the  meat,  and  in  many  respects  similar  to  the 
typical  disease  described  by  Gaertner. 

B.  Pestis  Cavl«. — The  guinea  pig  diseaae  caused  by  the  B.  Pestia 
Caviae  usually  takes  the  form  of  whiit  is  commonly  kno\i*n  as  pseudo- 
tuberculosis. It  may  occur  epidemically  in  laboratory'  guinea  pigs  and 
kill  large  numbers. 

Danysz  Type. — A  definite  group  of  tho  organisms,  the  .so-<^alIed  Ratin 
or  Danysz  group,  produce  epidemic  diseases  among  rats.  By  German 
authors  this  Danysz  group,  described  by  tlie  worker  whose  name  they 
bear  in  1900,  are  generally  regarded  as  very  close  to  the  true  Gaertner 
bacillus.  It  is  pathogenic  for  guinea  pigs  and  mice,  and  can  be  trana- 
mitted  to  rat«,  as  well  as  to  these  animals  by  feeding.  There  is,  as  in 
all  other  diseases  of  rodents  caused  by  these  organisms,  a  ver>'  much 
enlarged  spleen,  with  inflammatory  changes  in  the  intestinal  mucous, 
membrane  and  necrotic  foci  in  the  organs. 

The  B.  AlK)rtus  Equi,  first  described  by  Smith  and  Kilborne,  has 
been  found  to  be  the  cause  of  infectious  abortion  in  horses,  and  deser\'es 
morp  detailed  description  as  follows: 

"  Troomadorf,  Munch,  nwd.  Wooh..  48,  1903. 

■  Meyrr,  Munrh  roed.  Woch.,  47,  1905 

•'^  Shibajama,  Munch   med.  Woch  .  54.  1907,  979. 
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B.  Abortus  Equi  axd  Infectious  Abortion  of  Horses.— The  infec- 
tious abortion  of  honww  and  cattle  lias  interestetl  veterinary  bact-eriolog- 
ical  workers  for  a  great  many  years,  since,  in  both  cases,  the  diseases  have 
been  the  cause  of  much  economic  hjss.  There  is,  however,  eonsirlenible 
confasxon  in  the  minds  of  genei'al  bacteriological  workers  concerning 
the  various  organisms  that  have  been  described  in  connection  with  these 
diseases  and  there  seem  to  l>e  two  very  distinct  types  associated  with  the 
comiition  in  difTcrent  animals,  one  of  them  l>elonging  t^>  the  {laratyphoid 
or  hog  cholera  group,  the  other  apparently  ha\'ing  notliing  to  do  with 
these  organisms,  biologically.  We  refer  to  them  both  in  this  plnco, 
however,  because  anyone  looking  up  the  B.  Alwrtus  in  this  book  would 
desire  to  have  a  definite  statement  concerning  the  status  of  the  bae- 
teriolog>'  of  the  liisoiU^e^  in  general.  The  idea  that  al)ortion  of  domestic 
animals  was  an  infectious  disease  really  originated  with  breeders  and  was 
first  sugge^ed  to  scientific  workers  by  Flandrin  in  1806.^^  Nothing 
positive  from  the  bacteriological  point  of  view  came  out  of  this  until 
1897  when  Bang  ^^  described  an  organism  which  he  isolated  from  cows 
which  had  aborted.  There  seems  to  be  little  question  about  the 
ability  of  Bang's  organism  to  cause  this  disease  in  cattle.  The 
description  of  the  Bang  organism  which  Ls  generally  spoken  of  as 
B.  Abortus  Bovis  will  be  found  in  another  part  of  this  book. 

Soon  after  Bang's  announcement,  a  British  Commission  investi- 
gated the  same  subject  with  a  view  of  finding  out  whether  the  abortion 
m  horse  farms  in  Kngland  wore  due  to  the  same  bacillus,  hut  they 
could  not  confirm  this.  Ostertag^  also  investigated  the  same  subject 
in  1900  in  Germany,  but  could  not  confirm  the  original  suggestion  of 
Bang  that  his  bacillus  caused  abortion  in  horses  as  well  as  in  cattle. 
In  1903,  Smith  and  Kilborne^*  descril)etl  a  bacillus  belonging  definitely 
to  the  hog-cholera  group  which  they  had  isolated  from  the  vagina  of 
horses  that  had  aborted,  and  which  they  held  responsible  for  the  disease- 
De  Jong  ^^  confirmed  these  findings  and  was  able  to  produce  the  disease 
in  raares  by  intravenous  injection.  Numerous  other  investigations 
have  been  made  since  then,  a  recent  one  by  Gminder  ^  confirming  eveiy- 
thing  claimed  by  Smith  and  Kilbome  in  the  beginning.  G  minder  isolated 


113. 


*>  Flandrint  quoted  from  Gmuidcr,  Arb.  a.  d.  Reichagwundheit^aznte,  52,  1920, 

»Bang,  Zeit.  f  Tier.  Med.  1,  .1897,  241. 

**09iertaff,  quoted  from  Gminder,  loc.  cit. 

"  Smith  and  Kiibome,  Bull  .Vo.  3,  U.  H.  Bur  AnimM.  Ind.,  U.  S.  Troas. 

*  De  Jong,  Cent   f.  Bakt  ,  67,  1912,  148. 

^Gmintier,  Arb  a   d.  Reic bateau ndheitsatntc,  52,  1020,  113. 
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similar  organisms  from  aborting  mares.  He  showed  specific  agglutinins 
and  coiui)leinent  fixing  botlies  in  the  sera  of  these  mart*s  and  produced 
abortion  in  laboratory  animals,  guinea  pigs,  rabbits  and  rat«  by  intra- 
venous injection  and  by  feeding. 

Grainder  found  the  Smith-Kilbome  bacillus  moet  frequently,  but 
also  found  organisms  closer  to  the  Gaertner  enteritidis  organisms,  and 
others  closely  related  to  the  paratyphoid  '*B"  strains,  and  believes 
that  abortion  may  be  due  to  a  number  of  other  closely  related  organisms 
of  the  paratyphoid-enteritidis  groups. 

The  B.  Psiilar^aitt  belonging  to  this  group  was  descril)ed  by  Nocard*^ 
as  the  causative  agent  in  a  disease  of  parrots  and  in  fatal  for  birds  of 
many  different  species.  Nocard  succeeded  in  transferring  it  from  one 
parrot  to  another  Ijy  feeding. 

Durham  ^^  studied  this  organism  and  pointed  out  its  close  similarity 
to  the  Enteritidis  organisms.  The  possibility  of  infection  in  man  with 
this  organism  was  mentioned  by  Nocard,  and,  though  this  question  can- 
not be  regarded  as  definitely  settled  at  the  pi-esent  time,  other  apparent 
infections  from  parrot  to  man  have  been  reported.  Jackson  has 
recently  reported  a  small  epidemic  in  a  Pennsylvania  town  which  he 
thought  he  could  trace,  by  epidemiological  study,  to  original  infection 
from  birds. 

Organisms  of  this  class  have  been  regarded  as  causing  disease  in 
calve.H  and  cows  and  it  has  been  shown  that  some  of  the  bacteria  men- 
tioned above  could  cause  diseases  in  cattle  and  horses  by  feeding  experi- 
ments. 

In  judging  of  these  animal  dise-ases.it  must  not  be  forgotten  that 
organisms  belonging  unqixestinnably  to  the  paratyphoid  group  have 
often  been  found  in  the  intestinal  canals  of  normal  calves,  pigs  and,  in  a 
few  cases,  in  horses,  and  that  it  is  not  unlikely  that  the  bacillus  is  pretty 
generally  distributed  in  the  animal  kingdom  as  perhaps  a  normal  or 
occasional  inhabitant  of  the  intestinal  canal. 

Bacillus  op  fowl  Typhoid  {B.  Sanguinarium,  Moore). — This 
organism,  together  with  the  B.  PuUorum,  has  been  difficult  to  classify  be- 
cause of  several  defiiiiio  and  apparently  fundamental  differences  between 
it  and  other  memtiers  of  the  group.  It  was  isolated  first  by  Moore  ^^ 
from  diseased  fowl.     The  chief  pathological  condition  in  the  fowl  seems 

"  Xocard,  cited  fromt  Uhlenbuth  and  Uubeuer,  KoUe  and  Waseermaan  Uandb., 
2d  Edit  Vol.3. 

»  Durham,  Brit   Med  Jour  ,  I8(»8 

"  Moore.  12th  Arniuiil  Hep.  Bur.  .\nimul  Induato',  1895. 
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to  consist  of  severe  blood  changee  (atismia),  and  it  waa  spoken  of,  for 
some  time,  as  Infectious  Leukmniia  of  fowls.  The  organism  Is  a 
Gram-negative  bacillus,  noD-aporulating  and  uncap&ulated,  which 
differs  from  other  metnbers  of  the  paratyphoid  group  chiefly  in  being 
*non-motik  and  in  tu}t  produciim  ga^s  from  d^'Xtrose,  Smith  Isolated  a 
similar  organism  from  a  diseased  chicken  in  Khode  Island  in  1894. 
'The  organism  has  been  studied  since  then,  partictilarly  by  Smith  and 
Ten  Broeck,*"  by  Rettger  and  Koser/'  and  by  Krumwietie  and  Kohn.^- 
To  summarize,  then,  it  is  a  short,  Gram-negative  bacillus  wluch  does  not 
form  spores,  and  does  not  liquefy  gelatin.  It  does  not  produce  gas  in 
Any  of  the  carbohydrate  media,  but  produces  acid  on  glucose,  mannite, 
maltose  and  xylose.  It  does  not  produce  indol.  An  important  point 
is  that  it  produces  acid  upon  rhamnose,  an  observation  made  by  Krum- 
wiede  and  Kohn,  and  this  rhamnosc  reaction  is  one  whii^h  this  organism 
lias  in  common  with  all  other  organisms  of  theparatyphoid-enteritidis 
group.  Krumwic<le  ami  Kohn  regard  the  rhamnoj^e  fermentation  as  an 
essential  characteristic,  differentiating  both  the  uerogenic  and  anaero- 
genie  members  of  this  group  from  B.  Typhosus.  Smith  and  Ten 
3roeck  first  pointed  out  the  close  relationship  of  fowl  typhoid  to  the 
group  in  which  we  arc  placing  it,  and  showed  that  it  was  closely  related 
to  the  typhoid  bacilli  by  agglutination  and  agglutinin  absorption. 

B.  PlTLLORCM  (ReTTGER^^)  BaCILLUS  OF  WuiTE  DlARRIIEA  IN  FoWLS. 

— This  organism,  like  the  one  preceding  it,  has  a  very  close  antigenic 
.relationship  to  B.  Typhosus.  UnUke  B.  Sanguinarium,  it  prmiuces  a 
small  amount  of  gas  in  dextrose  and  maimite,  though  as  Smith  and 
Ten  Broeck  have  shown,  the  gas  pnxiucing  property  may  be  sup- 
pressed in  certain  strains,  and  again  resumed  on  further  cultivation. 
A  non-gas  producing  strain  forwarded  by  them  to  Knjmwicfle  resumed 
its  ability  to  produce  gas  subsequently.  Like  the  preceding,  it  is 
non-motile,  but  B.  Pullorum  produces  no  visible  changes  in  media 
containing  maltose,  dulcite  and  dextrin,  while  B.  Sanguinarium  produces 
acid  in  such  media. 

The  B.  Pullorum  is  the  cause  of  a  spontaneous  epidemic  disease  in 
'young  chicks.  It  is  important  to  note,  also,  that  R.  Pullorum  like  the 
B.  Sanguinarium  and  other  members  of  the  parat>7>hoid  group  produces 
acid  on  rhaianasc  (Knunwiede  and  Kohn). 


4«5fntM  and  Ten  Broeck,  Jour.  Med.  Res.,  31.  1015,  503  and  523. 
*'  Rettger  and  Koaer,  Jour   Med.  Res.,  35,  lfil6-1917,  443. 
"  Kntfntciatf  and  Kohn,  Jour.  Med   Rm.,  36.  1917,  509. 
**  Rfltgrr,  Jtmr    Kxppr   Med  ,  Ift,  1914. 
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PATHOOENIOITY  OF  THE  PARATYPHOID  GROUP  FOR  MAN 

Organisms  of  tliia  class  ma^'  be  the  causative  agents  of  a  nunibcr  of 
clinically  varj-ing  conditions  of  man.  In  general,  it  may  he  said  that 
two  main  types  of  disease  can  be  caused  by  this  group,  1,  that  in 
which  the  disease  simulates  a  mild  or  severe  typhoid  fever  rocojnnzable 
as  different  from  true  typhoid  fever  only  by  isolation  find  identification 
of  the  paratj-phoid  organisms;  and  2,  those  which  fall  into  the  categoiy 
of  "meat  poisoning"  in  which,  after  a  verj'  short  incubation  time,  one 
to  two  days  or  even  le'^s,  there  are  symptoms  of  gastroenteritis  which 
may  be  mild,  but  more  frequently  arc  explosive  and  severe. 

1.  True  paratyphoid  fever,  or  a  tj'phoid-like  fever,  may  be  caused 
by  meml>ers  of  the  paratyphoi<l  "A"  or  "B"  group. 

The  paratyphoid  "A"  group  may  be  regarded  as  stan<ling  somewhat 
apart  from  the  other  microorgani.mns  of  this  large  and  heterogeneous 
family""  in  being  quite  sharply  distinguishable  from  the  others,  both  by 
cultural  and  agglutinative  reactions.  The  organism,  unlike  other  para- 
typhoid and  cnteritidis  bacilli,  fails  to  ferment  x>'lose,  as  shown  by 
Knimwiede  and  his  coworkers,  and  fails  to  give  a  positive  reaction  on 
the  lead  acetate  media.  By  agglutination  reactions  the  organisms  of  the 
"A"  type  are  found  to  lx>  more  homologous  than  others  and  a  power- 
ful "A*'  senjm  usually  agglutinates  *'A"  organisms  in  general,  a  con- 
dition which  ia  quite  unlike  that  existing  among  the  *'B'*  and  other 
members  of  the  group.  Paratyphoid  "A*'  is  probably  conveyed  in 
exactly  the  same  way  as  is  typhoid  fever,  nan\ely,  by  water,  milk  and 
direct  and  indirect  contact,  food  contamination,  carriers  and  the  agency 
of  flies. 

The  disease  itself  may  take  the  form  either  of  a  very  mild  and  short- 
lived enteric  disturbiince  with  slight  fever.  <ir  it  may  take  th(^  form  of  a 
moderateiy  sev'^ere  tvi)hoid  fever  with  rose  spots,  enlargement  of  the 
spleen  and  r?f.>Hitivy  MtKxl  f"l^Hre_  l'anityi)lu>iil  "A"  ciL^'.s  are  not  a 
very  large  penicntage  of  the  ordinary  sick  rate  of  communities,  but 
occasionally  small  group  epidenn<'s  have  been  studied;  and  during 
recent  years  in  the  United  Staters,  militaiy  epidemics  have  occurred. 
Upon  the  recent  return  of  eome  American  militia  regiments  from 
the  Mexican  Border,  there  appean-d  among  them  an  epidemic  of  para- 
typhoid which  consisted  largely  of  the  "A"  type.  We  had  the  privilege 
of  8tud>'ing  a  good  many  of  these  eases,  and  found  a  most  varied  clinical 
picture.  The  severe  cases  were  practically  indistinguishable  from 
typhoid  fever,  but  there  were  at  the  same  time  cases  of  ver>'  mild  fever 
with  nothing  but  a  little  diarrhea,  m  which  diagnosis  was  made  only  by 
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stool  culture  and  in  a  few  cases  by  blood  culture.    A  larj^e  number  of 
the  men  of  these  rcginionts  turned  out  to  be  paratyphoid  "A"  rarri^MH. 
Paratyphoid  "B"  is  probably  a  more  common  disease  than  pnra- 
typhoid  "A,"  and  is  more  apt  to  be  typht>id-liko  mid  ^yy^r?-     I' nim  the 
ivery  distinct  differences  between  the  clinical  manifestations  of  this  dis- 
ease nnd  the  nrdinarj'  ca.sp  of  so-called  moat  poisoiiiiiK,  it  would  appear 
[*that  there  must  be  a  very  definite  human  paratyphoid  "B"  orKani.sni 
liich  ia  conveyed  by  the  same  a^pnci(»rt  and  aubj(*ct  to  the  wime  opidem- 
dological  laws  as  typhoid  fever.     It  is  difficult  to  base  this  on  bac- 
irioloitical  evidence  since  it  is  often  impossible  to  find  any  cultund 
»r   aaeUitinative   distinctions   between   orf^anisms   isolated    fmm    the 
luman  blood  or  bowel,  and  other  bacilli  which,  from  their  source.^  and 
ineral  reactions,  would  fall  into  the  groups  of  hog  cholera,  entcritidia» 
stc.     Numerous  attempt*?  have  been  made  in  classify  these  orj^aniHms 
'according  to  source;   one  of  the  last  attempts  to  correlate  group  with 
host'-origin  being  that  made  by  Krumwiede,  Pratt  and  Kohn.**    Th»nr 
.results  seem  to  indicate  that  re<luclion  of  fuchsin  and  quantitative  dif- 
ferences in  the  fermentation  of  diilciU*  and  arabinoH^*  may  to  some  extent 
%ring  about  a  tentative  correlation.  But  it  cannot  bo  said  in  Any  Menm 
'\%i  the  present  time  that  we  can  sharply  differentiate  IwtwfH-n  those 
*'B"  types  which  invade  human  beings  and  pro<Iuce  the  typi<*al  typhoid- 
like disease,  and  those  which  may  originate  in  a  diserjMs  of  animals  and 
be  secondarily  transferred  to  man. 

Paratyphoifi  "H,"  then,  occurs  in  man  in  exactly  the  same  way  and 
by  the  same  agencies  as  t>i>hoid  fever,  and  pro<luees  a  disoaiie  indii^ 
tinguishable  from  typhoid,  erx<'ei)t  by  bacteriological  methods. 

In  contradistinction  to  true  typhoid  the  lem[>erature  reaction  of  thin 
case  may  set  in  more  abruptly  and  remain  more  irregular  throughout 
the  dL«eaae.  Gftstric  symptoms,  vomiting,  and  nausej»  are  often  more 
prominent  than  in  typhoi^f  fever  and  enlargement  of  the  spleen  is  le« 
larly  present.  Owing  to  the  low  mortality  of  paratyphoid  fever  (in 
12Q  cases  observed  by  I^ntz*'*  less  than  4  per  (rent,  and  in  many  other 
amaller epidemics  oo deaths  have  oceurrefj),  we  have  remained  relatively 
ignorant  concerning  the  pathohigie  anatomy  of  the  diseaae.  Long- 
eope"**  observed  a  case,  fatal  after  two  wc^-ks  of  illne««.  in  wl-  ■  r.- 
was  no  enlaiieemeat  of  Peyer's  patrh«*s  and  no  sign  of  e^'en  1  >< 

idoenttioD.    Most  other  obwnr«ni  have  also  found  hm  involvement  of 
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the  IjTnphatics  of  the  bowel  than  is  fouml  in  typhoid  fpver.  During 
the  diaease  the  bacteria  can  often  be  cultivated  from  the  blooti,  and  the 
serum  of  the  patient  may  agglutinate  specifically  paratyphoid  strains. 
In  this  way  the  diagnosis  can  often  be  made.  Libmann ''"  ha^  isolated 
the  organism  from  the  fliiid  aspirated  from  the  gall  bladder  in  a  case 
operated  on  for  cholecystitis. 

Meat  PoisONrNO. — As  stated  in  the  beginning  of  this  chapter,  this 
disease  and  its  etiological  causatiuu  were  fii-st  describeil  by  Gaertner  in 
1888.  His  observations  were  based  upon  an  epidemic  occurring  in 
Germany  in  wliich  57  cases  of  more  or  lews  violent  ga.struentcritis 
occurred  in  a  group  of  people  who  ha<l  eaten  the  meat  of  a  condemned 
cow.  From  a  fatal  caae  and  from  the  meat  itself,  Gaertner  isolated 
the  organisms  which  bear  his  nan^e. 

Suii'.e  then,  many  similar  observations  have  been  made.  L  hleuhuth 
and  Hubener  ^*  have  made  a  very  thorough  study  of  the  Hterature,  to 
which  the  readier  is  referred  for  more  extensive  treatment  of  the  subject. 
They  have  tabulated  a  large  numl)er  of  outbreaks  which  took  place  in 
Germany  and  the  neighboring  countries  between  the  years  1885  and 
1910.  A  considerable  numl>er  of  these  were  studied  by  comi^etent 
bacteriologists  and  can  be  regardetl  as  reliably  reporti^I.  It  appears 
that  beef  and  pork  are  the  most  common  sources  of  infection,  whereas 
infection  is  also  possible  from  horse  nioiit  and  mutton,  in  the  majority 
of  cases  the  disease  followed  the  ingestion  of  the  meat  of  cattle  that  were 
diseased  before  being  slaughtered.  The  fact  that  the  organisms  have 
appeared  in  the  circulation  of  the  animal  before  death  and  have  perhaps 
accumulated  in  the  meat  that  is  eaten,  may  account  for  the  acute  nature 
of  the  disease  and  the  severe  toxic  symptoms,  since,  as  we  know,  the 
p<jisons  of  the  bacterial  Ixjdieft  of  organisms  of  this  group  may  be  quite 
powerful,  may  act  directly  upon  the  gastro-intestinal  mucosa  and  may 
not  be  destroyed  by  considerable  heating.*  It  mast  not  be  forgotten, 
however,  tliat  organisms  belonging  to  the  paratyphoid  *'  B  *'  and 
ent^^ritidis  gmu[»s  may  l>e  present  in  the  intestinal  c^umls  of  a  large 
percentage  of  nonnal  animals  of  the  species  mentioned  and  that  to  some 
exti^nt  invasion  of  tlie  organs  may  be  a  post-mortem  phenomenon. 
The  stutUes  of  most  observei-s.  however,  seem  to  indicate  that  the  most 
severe  infections  occur  when  the  animal  was  diseased  before  being  killed. 
Again,  there  have  been  cases  in  which  infection  h/is  been  due  to  tiecond- 
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ary  contamination  of  the  meat  cither  by  a  carrier  or  by  another  agency 
exactly  as  thi^  may  occur  in  typhoid  transmission. 

The  dinical  picture  of  tliis  variety  of  paratyphoid  infection  is  funda- 
mentally different  from  the  one  just  described.  T\pical  bacillar>^  meat 
poisoning  comes  on  witJiin  less  than  twenty-four  hours  after  the  ingestion 
of  the  meat.  Its  onset  is  acute  with  a  rapid  rise  in  temperature  and  the 
accompanyinfi;  systemic  s>'mptoms  which  this  imphes.  There  is  usually 
great  prostration,  rapidity  of  tbe  pulse  and  localised  symptoms  referable 
to  the  gastro-intestinal  canal,  namely,  nausea,  vomiting  and  painful 
diarrhea.  Some  of  these  cases  have  been  compared  with  cholera  in  the 
se\'erity  of  their  courses.  The  mortabty  has  not  usually  been  verj'  high, 
although  in  one  epidemic  it  was  as  high  as  7  per  cent.  The  organisms 
may  in  these  cases  also  be  found  in  the  blood  stream  by  culture,  liut  not 
as  regularly  as  in  the  typical  typhoid  fever-like  form.  At  rlcalh  they 
may  be  foimd  in  the  spleen  and  intestines. 

From  the  epideiiuological  point  of  view,  it  is  always  imiwriatit,  when 
a  group  of  persons  aft^r  a  tra<?cable  common  meal  is  seized  with  acute 
gastroenteritis,  to  make  an  epidemiological  survey^  study  the  time  and 
place  of  the  common  meal,  follow  up  the  subaequont  hiptorioe  of  othei-s 
who  were  present  at  this  meal,  and,  if  possible,  secure  for  bacteriological 
study  some  of  the  meat,  milk,  etc,  consumed. 

Preventive  Measures. — Measures  for  the  prevention  of  the  tvphoid- 
i'like  forms  of  paratyphoid  fever  ai*c  identical  with  those  advised  for  the 
prevention  ot  typhoui.  i  he  earner  problem  is  practically  the  same  and 
it  seems  logical  to  assume  that  the  percentage  of  carriers  compared  with 
that  of  typhoiil  carriei-s  is  approximately  similar  to  the  ratio  of  incidence 
between  the  two  diseiises. 

In  regard  to  the  me^t  poisoning  epidemics,  preventive  measxires 
mxist  be  chiefly  aimed  at  the  sanitary  control  of  slaughter  houses  and 
care  in  food  pre|>aration.  Concerning  the  slaughter  house  surx'ey,  this 
must  go  farther  than  simply  controlling  the  health  of  animals  before 
slaughter,  since,  as  we  liave  seen  above,  many  organisms  of  these  types 
may  be  found  in  the  normal  intestines  of  animals.  Though  studies  in 
this  direction  have  not  ham  ma<le  with  sufficient  extensiveness,  it  is  still 
suggested  by  our  general  knowledge  of  this  subject  that  an  unduly  long 
interval  between  evisceration  and  slaughter,  especially  in  warm  weather, 
may  lead  to  invasion  and  multiplication,  in  the  tissues,  of  organisms 
from  the  bowels,  wliich  may  render  the  meat  of  a  previously  healthy 
animal,  unsafe.  Removal  of  the  intestines  promptly  after  slaughter 
would  be  the  most  important  preventive  measure  that  reasoning  wox 
Vldicate. 


CHAPTER  XXXIV 

aOWN-TVTHOID-DYSENTERY   GROUP  (Continw^'^ 
AND  THE  DYSENTERY  BACILLI 


^jmolery  has  been  an  extremely  prevalent  dieeasef 

in  epidemic  form  in  some  of  the  Eastern  coun- 

idically  ail  over  the  world,  its  etiology  was 

--  liiga '  dc9crit)ed  a  bacillus  which  he  isolated 

«f  p^tienl^  suffering  from  this  disease 


;v^ 


i«» 


in  JapanT^nd 

iPCtrBUnc  nn-uracy  its  etiological  significance-  Since  the 
a  bacillus  a  number  of  other  bacilli  have  been 
.  3urtim5 1^wkerR,  all  of  which,  while  showing  slight  liiological 
!i\»*u  Shiga's  microorganUm,  are  sufficiently  similar  to  it 
«aki  ^thogenically  to  warrant  their  being  classified  together 
n  vWliiutr  gniup  under  the  heading  of  the  ''dysentery  bacilli/' 
Mftm>r  in  which  Shiga  nriade  hia  discovery  furnishes  an  instruct- 
ive ^MMilte  ^  1^*  succeBsful  application  of  modern  bacteriological 
iM^iNkHW  %4  riktlo^c^  investigation.  Many  workers  preceding  Shiga 
U    ■  w{  to  Ihmw  light  upon  this  subject  by  isolations  of  bacilU 

1  'U'  Ht^HiIs,  and  by  extensive  animal  inoculation.     Shiga, 

I  i-.;0Htion  ma<le  by  Kitasatn,  approached  the  problem  by 

r,«r. 'Organism  in  the  stools  of  dysentery  patient:*  which 

t.l\    iLiL'jtinate  with  the  serum  of  tliese  patients.     His 

^Ihmh  wvit>  orowneit  with  success  in  that  he  found,  in  thirty-tdx  cases, 
and  \\w  same  inioroorganism  which  showed  uniform  serum  agglu- 
klioi^  Further,  he  found  that  this  bacillus  was  not  present  in  the 
^«HH4iuf  )»atien(s  sufTering  from  other  diseases  nor  in  those  of  normal 
aini  that  when  tested  against  the  bloo<l  serum  of  such  people  it 
uot  a^luttuuted. 

PoMlpUoil  of  Shiga's  Bacillus. — Shiga's  bncilhiB  is  a  short  rod,  rounded 
Ikl  *Kr  pmU.  morphologically  very  similar  to  the  typhoid  bacillus,  and,  like  it, 
,kwiuiixi  lt>  involution  forms.    The  organi^^rn  gcttcrally  occurs  singly,  more  sel- 
in  pftill.    U  ifl  decoloriged    by  Gram'?  method  of  staining.     With  the 


>SA^  Cent.  f.  Bakt.,  xxiii,  1S9S;  ibid.,  xxiv,  1S08;   DeuL.  med.  Wooh.,  xliii, 
xMv,  aud  xlv.  1901. 
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ordinary'  anilin  dyes  it  stains  eaffily,  phowing  a  t-endency  to  stain  with  glightly 
greater  intensity  at  the  ends.  The  organism  is  an  aerobe  and  facultative  anaer- 
obe. ^VJthough  described  at  first  by  Shiga  aa  being  motile,  its  motility  tuis  not 
been  satisfactorily  proven,  and  most  observers  agree  in  denying  the  presence  of 
flagella  and  affirming  the  compUie  absnxce  oj  motilHy. 

On  agar  the  colome?i  are  not  charact<?ristic,  resembling  those  of  the  typhoid 
bacillus. 

On  gelaiint  the  colonies  appear  ver>'  much  like  typhoid  colonies  and  the  yela- 
tin  Ls  not  lig^i^fipfi  On  potato,  the  powfh,  1ik;y  that  of  tAi)hrjid.  is  at  first  not 
visiMe,  but  after  alx>ut  a  week  tunts  rixidish  broMni. 

In  broth,  ti.ere  ip  clouding,  with  moderate  deposits  aft^  some  daj"^.  No 
pellicle  in  formed. 

Milk  i.v  unt  couf^ulate^i.  Litrnua  milk  phows  a  plight  primary'"  acidity,  later 
again  IjeconiinK  ulkaline  and  taking  on  a  prf>gre88ively  deeper  blue  color. 

Jndot  is  not  fornie<l. 

No  gae  is  formed  in  media  containing  dextrone,  laclone,  mucharoae^  or  other 
carbohydrate. 

While  not  delicately  suaceptibte  to  reaction^  the  bacillus  prefers  slightly 
alkaline  media. 

Shiga  differentiated  his  organism  friMn  the  typhoid  IjacUlui^  chieBy  by  sup- 
posc^l  difTcrenccs  in  colony  characters  and  by  the  agglutination  reaction. 

-  Followinji;  the  work  of  Shiga,  a  large  nuiiil>er  of  investigators  turned 
their  attention  to  the  subject  of  dysenter>'.  with  the  result  that  many 
new  forms  were  discovered  and  at  first  a  considenihle  umuuiit  of  con- 
fusion prevailed. 

Flexner^  in  189D  investigated  dy6enter>'  in  the  Philippines,  and 
isolated  a  bacillus  which,  he  considered,  corresponded  to  Shiga's 
organism. 

Strong  and  Musgrave^  in  1900  descril^ed  a  bacillus  isolated  from 
dysentery  cjiaes  in  the  Philippines  which  was  essentially  like  that  of 
Flexner. 

Nearly  simulianoously  with  the  papers  of  Flexner  and  of  Strong  and 
Musgrave,  Kruse"*  published  investigations  of  an  epidemic  of  dysentery 
occurring  in  Germany.  His  observations  were  of  the  greateat  impor- 
tance and  largely  formed  the  starting  point  of  the  further  advances 
which  have  been  made  in  the  etiology  of  dysentery. 

Kruse's  organism  was  described  as  forming  colonies  on  gelatin  and 
agar,  practically  like  those  of  Bacillus  t>'pho8us.  Like  this  bacillus,  no 
gas  was  formed  from  grape  sugar,  and  the  growth  in  milk  and  on  potato, 

*  Flexner,  Phila.  Med.  Jour.,  vi.  1900,  and  Bull.  Johoa  Uopkins  Ho«p,,  xi,  1900. 

*  Strong  and  MuAgrmtt,  Rejwrt  Surg.  Gen.  of  Army,  Washington,  1900. 
^Kru&t,  Deut.  raed.  Woch.,  xxvi,  1900. 
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and  e\'en  in  Piorkowski's  urino  K^ilatin,  resembled  that  of  Bacillxis 
typhosus.  Accorditig  to  Kruse,  this  organism  was  ahsohiteJy  without 
motility. 

In  1901  Kru&e^''  contribulod  a  second  paper.  In  this,  besides  con- 
firming his  previous  obseivations,  he  riescribcd  another  elasf5  of  organ- 
ism coming  from  cases  which  he  designated  as  '*pseudo-<iysentery  of 
insane  aj?>'lumfi,'*  In  the  ca.sc  of  one  patient,  and  at  two  autopsies,  he 
isolated  organisms  which  he  could  not  distingiiish,  morphologically  or 
culturally,  from  the  true  dysentery  baeilUis,  but  which  showed  differ- 
ences in  their  serum  reaction.  By  careful  study  of  the  behavior  of  these 
bacilli  in  the  serum  of  patients  and  in  immune  senim  from  animals  he 
not  only  showed  that  they  were  different  from  tJie  original  cultures 
from  cases  of  epidemic  dysenter>'  which,  no  matter  what  their  source, 
were  found  to  be  alike,  but  that  they  showed  differences  among  them- 
selves and  apparently  fell  into  two  or  more  varieties.  One  of  these 
organisms  culturally  and  by  its  scrum  reactions  showed  itself  practically 
identical  u-ith  one  of  the  cultures  he  had  received  from  Plexner. 

Spronck  **  in  1001  described  an  organism  isolated  in  Utrecht  from 
dysentery  cases,  which  showed  great  siniilarity  to  the  Shiga-Kruse 
organism;  but,  when  tested  in  the  scrum  of  a  horse  immunized  against 
true  dysentery  bacillus,  showed  practically  no  agglutination.  He 
placed  this  organism  in  the  group  designated  by  Kruse  as  the  "pseudo- 
dysenterj'  baciUi."  His  communication  is  of  importance,  since  it  is  the 
first  reported  instance  in  which  any  investigator  had  recognized  and 
associated  the  soK^alled  pseudo-dysentery  bacilli  with  dysentery  ap- 
proaching the  acute  epide-mic  form  in  type. 

Following  this  work  a  number  of  investigators,  including  Vedder 
and  Duval,'  Flexner,  and  Shiga  ®  himself,  pubUshed  communications  in 
which  they  claimed  identity  for  the  various  forms  previously  described. 

In  1902  Park  ®  and  Dunham  de^tcribed  an  organism  which  they 
found  in  a  small  outbreak  of  dysentery  occurrine  in  Maine.  This 
org&nLsm  differetl  from  most  of  those  previously  descrihed  in  that  it 
was  found  to  produce  indol  in  pepton  solutions. 

In  the  same  year  Martini  ^**  and  Lentz  published  an  article  in  which 
they  attempted  to  differentiate  various  dysentery  baciUi  by  means  of 


*/Cru«,  Deut.  nied.  Woch.,  xxviit  1901. 
^Sprotwk,  Ref.  Baumgarteu'fl  Jahresber.,  1901. 
'  Vedder  and  Duval,  Jour.  Exp  Med,,  vi,  1902. 
\*3hm,  Zeit.  /.  Uyg.,  41.  1902. 
•  Park  and  Dunham,  X.  Y.  Univ  BuU.  of  Med  Sci.,  1902. 
"  Martini  und  Lentz,  Zeit  f.  Hyg  .  xli.  1902. 
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Litimition.  This  r^§earch  is  of  importanre  in  that  it  supported  iht 
rk  uf  Kruse  ami  of  Spronck  indicating  a  difference  between  the 
agglutinative  character  of  the  Kruse  orRanism  and  the  ao-called  '"peeudo- 
dysenten,' "  type,  in  which  Flexner'H  nrgaiunmH  were  ineluderl.  It  is  of 
further  intere^it,  since  it  indicated  a  marke*!  difference  between  Flexner's 
Philippine  culture-*^  and  ihh  Philippine  culture  of  Strong,  the  Strong 
organi.xm  refusing  to  apghitinnte  not  only  in  "Shiga"  immune  serum, 
but  also  in  "  Flcxncr"  inwnune  wrum. 

Si  Tiultaneoufily  with  this  article  Tientz"  published  the  results  of 
comparative  cuhurnl  researches  with  dysenlerv*  and  "j>J*tnido-dysen- 
tery"  bacilli,  in  which  he  made  the  iniix)rtant  observation'  that  thf 
original  Shiga-Kruse  bacilli  did  not  affect  mannit,  while  the  "|weudo- 
dy-^enten'"  bacilli,  including  Floxncj-'g  and  Strong's  Philippine  cultures, 
fermented  mannit.  givini;  rise  to  a  ilLstinct  acid  reaction  in  the  medium. 
The  Flexner  organisms  and  othen?  of  the  '*pseudo-d>'senten'"  l>ncilli, 
however,  fermented  maltose,  while  the  Shipa-Kruse  type,  as  well  as 
Strong's  bacillus,  left  it  unchanged  at  the  end  of  forty-eight  houra. 

In  January,  1003,  Hiss  and  Russell  «  descril>ed  a  bacillus  ("Y") 
from  a  case  of  fatal  diarrhea  in  a  child,  which  by  ordinary  cultural  test 
and  al>»ence  of  motility  wan  found  to  resemble  the  Sliigii-Kruse  and 
Flexner  hacilh.  Immediately  upon  its  isolation,  it  was  found,  how- 
ever, to  differ  from  the  Knuse  cidture  by  its  ability  to  fennenl  mannit. 
'"This  observation  was  made  independently  of  Lentz*8  work,  which,  at 
that  time,  had  not  become  known  in  America.  In  the  comparative 
study  of  Hiss  and  Russell  on  the  fermentative  abilities  of  various  dysen- 
tery culture,  the  serum  watei  media  (described  on  page  157)  were  used. 
By  the  use  of  these  media,  it  was  found  that  the  Kntse  culture,  a  culture 
of  Flc\ner*8  bacillus  from  the  Philippines,  and  Duval's  "New  Haven" 
culture  fermented  dextrose  with  the  production  of  a  solid  acid  coagu- 
hmi,  but  did  not  affect  mannit,  maltose,  saccharose,  or  dextrin.  The 
culture  of  Hiss  and  Russell,  on  the  other  hand,  fermented  not  only 
dextrose  but  also  mannit  with  the  production  of  acid  and  coagulation 
of  the  medium.  Maltose,  saccharose,  and  dextrin  were  not  fermented. 
The  **  Y  "  bacillus,  furthermore,  was  shown  to  differ  entirely  from  the  eul- 
ttires  of  Shiga,  Kruse,  and  "New  Haven"  in  the  serum  of  immuniaed 
animals.  This  serum  had  for  bacillus  **Y'*  a  titer  of  \  :  500  while  the 
three  other  above-named  oi-ganwms  did  not  agKhitinate  in  it  at  i\ny 
dilution.     In  normal  beef  serum,  the  Hiss-Russell  organism  was  found 


"  Lnitz.  Zeit.  f  Hyic.,  xli,  1902. 

"  i/»x.v  nnd  HiisarU,  Med.  News,  Feb.,  1903. 


NliiMS 


T"  -tftit  the  other  three  cultures  gave 

jriU. 

^•scribed  an  epidemic  of  d>'sen- 

near  New  York  citj*.  and 

the  Shiga-Kruse  bacilli  iu  not 

in  pepton  solution  after  five 

with    the    cultun«    ' '  New 

the  serum  of  a  goat  immuniiced 

"Baltimore,"  i.e.,  did  not  react 

juui  "Baltimore"  cultures.  Park 

:iitfY>  and  some  New  York  cultures,  all 

tap  to  two  thousand  dilution  in  the 

i«AMCt  of  the  literature,  by  which  our  knowl- 

developed,  demonstrates  Bufflciently 

trith  a  number  of  dilTerent  micro- 

««a«  w»&  a  fact  fii-st  recognized  by  Kruse 

tfyBtitttry  nnd  his  pseudo-dysentery  strains. 

«t  first,  the  careful  study  of  fermentation 

y^fhni<itt>ions>  and.  more  recently,  by  Ohno  ^* 

i  henoinena  in  immune  sera,  has  made 

i»  U^twcon  a  number  of  groups. 

^»  uiicroorganisms  upon  a  careful  study  of 

:  them  as  follows; 


tit  dextrose.    Group  I. 


^^  ..?<^  ft  ^MiM 


Flpnuwt  drxtroflo  and  nmnnit.     Group  11. 

ftmiCDts  dcxtrow,  muinit,  saccharose.    Group  III. 

ftraiVQt  drxtroM,  mnnnit,  mattoBO,  niorharose, 
dt^Jct^in  Fi-nnentalion  of  sai^rhtroec  (aa  a  rule) 
only  ft/U'T  nix  days     Group  IV. 

hf  nimitiuned,  however,   that   in    the   case   of   the 


•^  Jour  M«>ft  Rra,  ix.  1903 
.H'^iMW  of  Sri.  I.  ix,  190ti. 
\ty«l  Hm.  N^iViti.  1004 
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"Y/*  "Diamond/*  and  "Fern"  tliere  was  usually  ddayed  acid  feimentation  oi 
maltoee,  never  any  of  dextrin. 

In  studying  the  agf^utinatire  character*  of  these  groups,  furthermore,  it 
was  found  that  fermentation  tests  and  agglutinations  went  band  in  hand. 
The  following  table  will  iflustrate  the  point:  ** 

Sebitm  op  Rabbit  Immunized  against  Gboup  I.    (Shiga's  culture). 

Bacilli  of  Group  I. : 

"Shiga"  (homologous) 20,000 

"  Knise  " 20.000 

"New  Haven" 20.000 

Bacilli  of  Group  II. : 

"Y"  200 

"Fena" 200 

"Seal  Harbor" 200 

BadUiofGroupIV.: 

"BaHimore" 800 

•  "Hams" 800 

"Gray" 800 

"  WoUstein  " 800 

Serum  of  Rabbit  Immunised  against  Group  II.  ("Y"  culture, 
Hiss  and  Russell). 

BadUiof  Groupl.: 

"aiiga" lessthan  100 

'*KfUBe" 100 

"New  Haven" 100 

Bacilli  of  Group  II.: 

"Y"  ^homologous) 6,400 

"Ferrs" 6,400 

"Seal  Harbor 6.400 

BadUiofGroupIV.: 

"Baltimore" 1,600 

"Gray" 1,600 

"Harri»" 1.600 

"WoUstein  " 1,600 

Sebum  op  Rabbit  Immi;ni/ki>  aoaisht  (iROUP  IV.  ("Baltimore" 
culture;. 

>•  tffcM.  Jour,  of  Med.  KuMjardi,  1»,  N  H  ,  viij,  llKM. 
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Bacilli  of  Group  I. : 

"Shiga" 

•'Kruse" ,«4., 

"New  Haven" 


Bacilli  of  Group  II.: 

"Ferra" 

"Seal  Hnrbor" 


IcsOian  KM) 

100 

iOO 


400 
400 
400 


Bacilli  of  Group  IV.: 
*'  Baltimore  * '  (homoloieou») . 

•^Harris" 

"Gray" 

"WoUatein" 


3,200 

3.200 
a.'JOO 


We  have  described  the  above  cxpcrimcntvS  of  Hiss  in  considerable 
detiiil  no!  l^ecause  we  believe  they  represent  the  final  claiwififatioii  of 
the  dysentery  group,  but  because  they  illustrate  the  close  antigenic 
relatiouHlup  of  the  dysentery  bacilli  and  the  relatively  close  correlation 
between  cultural  and  serological  properties  which  they  revealed. 

There  seems  to  be  httle  doubt  about  there  being  a  lai'ge  number  of 
different  d,\'sent€i'y  bacilli  whicli  vary  from  each  other  in  minor  charac- 
teristics, and  it  is  very  difBcult  to  be  sure  whether  one  is  dealing  wiUi 
permanent  type  differences  or  with  temporary  variations  or  suppressions. 
For  this  reaiwin,  it  may  be  best  to  state  definitely  what  tlie  common 
characteristics  are  which  l)elong  to  organisms  of  this  group  and  into 
what  main  subdivisions  they  can  be  chiAsified. 

All  the  dysentery  bacilH  are  Oram-negtitive  hacilh,  usually  slender, 
but  on  occasion,  especially  in  old  cultures,  short  and  plump,  being  mor- 
phologically indistinguishable  with  certainty  from  typhoid  or  similar 
bacilli.  There  are  all  of  them  non-motile  and  non-spore  ))earing.  They 
do  not  liquefy  gelatin.  None  of  them  produce  gas  on  carbohydrate 
me<lia,  none  of  them  produce  acid  on  lactose. 

They  grow  easily  on  the  ordinar\'  media,  their  colonies  on  agar  and 
gelatin  being  like  those  of  typhoid  but  apt  to  be  more  delicate.  *^Ik 
broth  they  produce  an  even  clouding  and  on  differential  media,  like 
those  of  Endo^  Conradi-Drigalski,  etc.,  they  grow  like  tvphoid  but 
rather  more  delicately.  ^^ 

The  main  tj-pns  into  which  they  can  l>e  divided  are  wWKhiga  type, 
the  Flexner  type,  the  Baci'Uns  *'Y'*  type  of  Hiss  and  Park  an<l  the 
Strong  type.  By  many  observers,  notably  Park,  the  Shiga  type  is  the 
onl}'^  one  that  in  spoken  of  as  the  B.  dysenterite,  the  other  types  being 
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ten  of  as  the  partuiysenterjf  bacilli.     Differentiation  between  the 
lypca  can  be  made  by  sugar  fermentations  as  follows: 


Deitroae 

Maniiite 

1 
MftltMe       8iiccb»ruM 

1 

B.dji.  "Shiga" + 

B.  d>'8.  "Flexner"                              I         +                 + 

B.  dya.  "Y" +                 + 

B.  d)-8. ''Strong"    .                                   +                 + 

t 

1 

+ 

+ 

+  =  arid  (no  gaa) . 

The  Shii^ii  hririllus  also  is  the  only  one  of  these  fixed  types  whirh  does 
not  produce  indol.  Wc  do  not  believe*,  as  we  did  before,  that  these 
typea  represent  all  ptwaible  variants  of  the  dysentery  bacilli.  During 
the  recent  war  epidr'aiica.  we  ourselves,  as  well  as  many  others,  isolute<l 
non-motile,  Gram-negative  bacilli  from  the  stools  of  mild  dysentaroid 
cases  which  presented  cultural  pt'culiarities  and  did  not  agglutinate  with 
the  type  sera,  and  many  organisms  have  been  described  by  various 
observers  which  do  not  fit  in  with  any  of  the  main  sulxlivisions. 

Resistance  of  Dysentery  Bacilli. — Not  beiny  spore  bearers,  dysen- 
tery b;urilh  are  nfft  veiT  n'i<ist{iiit,  to  Iirat  and  cheniical.s.  They  are 
destroyed  at  60^  within  tea  minuteg,  and  the  usual  uti-ength  of  the  com- 
mon  chemical  disinfcftanlxS  kill  thorn.  Their  resistance  to  the  ordinary 
conditions  in  nature  is,  of  course,  the  important  featuri'  uf  the  epitlemi- 
ology  of  th<^  discas<\  Accordingly,  a  considerable  jitncmnt  of  research 
has  been  done  on  these  problems.  Wo  quote  the  following  f  icts  from 
Vincent  and  Muratct.**'  In  garden  soil  they  have  lx»en  known  to  live 
from  six  t-o  fifteen  days,  and  up  to  forty-nine  days  at  a  depth  of  12  inches. 
In  damp  sand  they  have  lM?en  known  to  live  as  long  as  thirty-nine  days. 
Cultiu*es  in  broth  have  lived  for  twenty-five  days,  and  they  have  lived 
more  than  thirty  days  in  dejecta  buried  in  the  soil,  and  on  linen  folded 
up.  In  ice,  they  may  live  for  longer  than  a  month.  Exposure  to  sun- 
light of  course  destroys  them  rapi*lly,  Wc  woulrl  like  to  remark  in 
connection  with  the  viability  of  all  or^'janisms  outside  the  animal  body, 
that  such  statements  must  always  be  limited  to  the  peculiar  conditions  of 
symbiosis.  Ught,  moistui*e,  teuiporature,ett:.,  existing  under  the  particular 
conditions  investigated.  If  we  remember  that  non-spore  bearing  organ- 
isms, like  the  t.>T>hoid,  the  dysentery  bacilli,  etc.,  can  be  kept  alive  for 
ver>'  long  peri<jds  if  young  agar  growths  arc  kept  in  sealed  jars  in  a  coo! 
dark  place,  we  may  understand  that  imder  peculiarly  favorable  conditions 

"  Vinccni  and  MuraM.  Military  Med.  Moniml,  Umv.  of  London  PresR,  1917. 
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in  nature,  organisms  have  survived  far  }>eyond  anything  suggosti 
our  knowledge  of  their  general  resistance  under  adverse  cond'iions. 

Poisonous  Products  of  the  Dysentery  Bacilli. — The  separate  types 
of  dysentery  bacilli  vary  exceedingly  in  their  powers  to  produce  toxic 
substances.  Of  all  the  various  types  which  have  been  described,  the 
strongest  poisons  have  been  produced  with  bacilU  of  the  Shiga-Kruse 
variety,  less  regularly  active  ones  with  bacilli  of  the  Flexner  and  of  the 
"Y"  type.  In  fact,  investigations  earned  out  with  the  Shiga  bacillus 
have  tended  to  show  that  the  disease  itself  is  probably  a  true  toxemia, 
its  symptoms  being  referable  almost  entirely  to  the  absorption  of  the 
poisonous  products  of  the  baciUus  from  the  intestine. 

The  earliest  investigations,  carried  on  chiefly  upon  rabbits,  which 
are  more  susceptible  to  this  poison  than  any  other  animals,  showed  that 
even  small  doses  of  cultures  of  this  bacillus  administered  intravenously 
or  subcutaneously  would  produce  tlealh  within  a  very  short  time. 
Conradi,**  Vaillard  '^  and  Dopter,  and  others,  finding  that  toxic  symp- 
toms were  almost  as  pronounced  when  dead  cultures  were  given  as  when 
the  Uving  baciUi  were  administered,  came  to  the  conclusion  that  the 
poisons  of  tliis  bacillus  were  chiefly  of  the  endotoxin  type.  More 
recently  Todd  ^^  Kraus,^*  and  Rosenthal  ^-  have  claimed  indepc>ndently 
that  they  were  able  to  demonstrate  strong  soluble  toxins,  similar  in 
every  way  to  diphtheria  toxin.  Kraus  and  Doerr,^  moreover,  claim 
to  have  further  corroborated  this  by  producing  specific  antitoxins  with 
these  substances. 

It  is  easy  to  obtain  poisonous  substances  from  dysentery  cultures 
in  considerable  strength,  l>oth  by  extracting  the  baciUi  themselves  and 
by  filtration  of  properly  prepared  cultures.  It  is  therefore  not  unlikely 
that  both  types  of  poison  are  pro<luced  by  the  bacilli.  Neisscr  and 
Shiga  ^  obtained  toxins  by  emul.sifying  agar  cultures  in  sterile  salt 
solution,  killing  the  baciUi  at  G0°  C,  and  allowing  them  to  extract  at 
37.5°  C.  for  three  days  or  more.  The  filtrates  from  such  emulsions 
were  extremely  toxic.  The  simplest  method  of  obtaining  poisons  from 
these  baciUi  is  to  cultivate  them  for  a  week  or  longer  upon  moderately 
alkaline  meat-infusion  broth.     At  the  end  of  this  time,  the  micro- 

»Conn«/i,  Dcut.  mwi,  Woch.,  1903 

»  Vniilarti  ot  DojUer,  Ann  de  Tinst  Pasteur,  1903 

»  Todd,  Brit.  Med  Jour,  Der..  1003,  and  Jour  of  Hyg,  4,  1904. 

"  Kratui  MonatAohr.  f.  Geeundhoit,  Suppl.  11,  IWCM. 

** Roaentfuil,  I>ul.  me*i.  Woch  ,  1904. 

"  Kraua  tiiid  Donr,  Wipn.  klin.  Worh  ,  xlii,  1905. 

^Neuser  and  SHgn,  Dt'Ut   mod  Worh  ,  1903. 
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organianis  themselTeB  may  be  killed  by  hpAting  to  60^  mad  the  culturaB 
filtered.  According  to  Doerr,-^  the  toxins  may  be  obtained  in  the  dry 
■tate  by  precipitation  with  ammonium  sulphate  and  re-«olutioa  of  the 
precipitate  in  water. 

More  recently,  OIitsk>*  and  Klif^er  ^  have  repeated  and  ertwided 
the  thorough  study  of  the  Shiga  d>~sentefy  toxin  made  by  Todd.''  Thtae 
writers  differentiate  definitely  between  a  so-called  exotoxin  and  an  endo- 
toxin. Their  exotoxin  the>'  obtained  by  growing  the  Shiga  bacilb  for  five 
da>*8  in  alkalin-e^  broth.  Their  endotoxin  was  produced  by  incubating 
agar  growths  in  salt  solution  for  two  da>'s  and  filtering.  The  exotoxin 
in  small  fractions  of  a  cubic  centimeter,  after  an  incubaiioD  time 
of  a  few  hours  to  four  days,  produces  typical  paralyas  and  set^re 
nerve  le^dons  in  rabbits.  This  posscm  was  lolled  by  75^  C.  after  one 
hour,  and  powerful  neutralization  was  obtained  with  the  flenun  of 
horses  immuniied  with  it.  Their  endotoxin,  so-called,  produces 
loiB  of  weight  and  diarrhea  in  the  animals,  but  no  panljrsis.  In 
general,  their  results  agree  with  those  o(  Krause.  Todd,  Pfeiffer  and 
Ungennann,^  and  Bessau.^  They  have  produced  far  more  potent 
toxins  and  more  powerful  antitoxins  than  previous  worker?. 

The  action  of  the  dyaenter>'  toxin  upon  ^nimafcLt  15  extren^ly  char- 
acteristic and  throws  much  light  upon  the  disease  in  man.  The  injec- 
tion of  a  large  dose  intravenously  into  rahbtts  cauaes  a  rapid  fall 
in  temperature,  marked  respiratory*  embanafiBment,  axKi  a  violent 
diarrhea.  This  is  at  firht  water>-,  later  oontains  large  amounts  of  blood. 
If  the  animals  live  a  sufEcient  length  of  time,  paraly^  may  occur,  the 
animal  may  fall  to  one  side  or  may  drag  its  posterior  extremities.  It  is 
a  remarkaUe  fact  that  intravenous  inoculation  gsves  rise  to  intestinal 
inflammation  of  a  severe  nature,  unquestionably  due  to  the  excretion 
of  the  poison  by  the  intestinal  mucosa  and  limited,  usually,  to  the 
eecum  and  colon,  rarely  attacking  the  small  intestine.  Fkxner,'^  who 
has  escperimented  extensively  upon  this  question,  bdieves  it  probable 
(bat  most  of  the  pathological  lesions  occurring  in  the  intestinal  canal 
of  dysenterj'  patients  are  referable  to  this  excretion  of  dysentery  toxin, 
rather  than  to  the  direct  local  action  of  the  badlli. 


*  DocTTf  '"Dms  D^iKntcrieiouii,*'  Jeoa,  1907. 

»OfitMky  and  KliffUr,  Jour  Exper  Med..  31,  1920.  IS. 

'Todd,  Brit.  Med.  Jour,  2.  190Q   li56 

^Pfeifer  and  Chi^mnann,  Ont.  f.  Bftkt.^  Or« .  50.  1000 

»£euau,  Cent    f   Back    57.  Wll.  21 

"  Ftaner,  Jour.  Ksf   Med.,  8.  1900. 
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Characteristic,  of  couree,  for  the  Shiga  poison  is  the  paralytic  action 
which  seems  to  be  a  specific  phenomenon  characteristic  of  this  bacillus. 

Immimisation  with  Dysentery  Bacilli. — ^The  immunization  of 
small  aninmlH,  such  as  rabbits  and  guinea-pigs,  against  dysentery  bacilli, 
especialiy  those  of  the  Shiga  type,  is  attended  with  much  difficulty, 
owing  to  the  great  toxicity  of  the  cultures.  Nevertheless,  successful 
results  may  be  accomplished  by  the  administration  of  extremely  small 
doses  of  living  or  dead  bacilli,  increased  very  gradually  and  at  sufficient 
intervals.  Horses  may  be  more  easily  immunized.  The  serum  of  such 
actively  immunized  animals  contains  agglutinins  in  considerable  con- 
centration and  of  a  specificity  sufficiently  illustrated  in  the  preceding 
section  dealing  with  the  identification  of  the  various  species.  For 
diagnostic  purposes  in  human  beings,  the  agglutination  reaction,  accord- 
ing to  the  technique  of  the  Widal  reaction  for  typhoid  fever,  has  been 
utilized  by  Kruse^'  and  others.  According  to  most  observers,  normal 
human  serum  never  agglutinates  dysentery  bacilli  in  dilutions  greater 
than  one  in  twenty,  while  the  serum  of  dysentery  patients  will  often  be 
active  in  dilutions  as  high  as  one  in  fifty. 

Bactericidal  substances  have  been  demonstrated  in  the  serum  of 
immunized  animals  as  well  as  in  that  of  diseased  human  beings.  These 
have  been  determined,  in  vitro,  by  Shiga,^^  and,  by  the  intraperitoneal 
technique  of  Pfeiffcr,  by  Knise.^  Bacteriolysis  may  take  place  in  high 
dilutions  of  the  serum,  and  has  recently  been  used  for  the  differentiation 
of  the  types  of  the  dysentery  bacilli  by  Ohno.** 

True  antitoxins  in  immune  sera  have  been  recently  described  by 
Kraus  and  Doerr.^'* 

Todd  has  demonstrated  that  the  mixture  of  such  an  immune  serum 
with  solutions  of  toxin  and  exposure  of  the  mixture  at  37.5°  C.  for  a 
half  hour  would  produce  almost  complete  neutralization  of  the  poison, 
thus  demonstrating  that  at  least  a  large  part  of  the  beneficial  action 
of  the  immune  sera  was  due  to  a  true  antitoxic  process.  Because  of 
the  different  varieties  of  dysentery  bacilli,  polyvalent  serum  has  been 
recommended. 

The  results  of  Olitsky  and  Kligler  are  even  better  than  this,  in  that 
they  have  succeeded  in  protecting  rabbits  against  1000  lethal  doses  of 
the  poison  with  their  antitoxic  horse  serum. 

>'  Kruae,  Dcut,  med.  Woch.,  1901. 
"Shiga,  Zeit.  f.  Hyg.,  xli. 
-  »  Kruae,  Deut.  med.  Woch.,  1003. 

«  Ohno,  Philippine  Jour,  of  Sci.,  vol,  l,  1906. 
*  KrauH  und  I)o^rr,  loc.  oil. 
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sewage  and  garbfij^e  disposal  have  not  been  develtnn^tl  t|}  a  p)|,|j>^ffiptArY 
extent. 

Dysentery  epidemics  also  are  more  apt  to  occur  during  the  hot  and 
dry  parts  of  the  year  when  flies  are  prevalent.  It  is  a  mistake  to  think 
of  the  disease  only  as  occurring  in  epidemics,  ajni-e  orKauiHiiis  of  the 
'fjvsentery^  group  prohuljlv  cause  a  great  many  sporadic  cases  »nf|  t^p^nli 
group  attacks  of  iliarriiPid  (iis<Misrs  which  in  their  clinicid  manifestations 
cannot  In?  stricth'  chuv^iified  ius  dysentery*.  Thits,  numerous  small  group 
outbreaks  have  been  studied  in  America  and  Europe,  occurring  either 
in  cities  sometimes,  as  in  those  studied  by  Kruse  and  others,  in  public 
institutions  aa  iiLsanc  asylums  and  orphanages,  and  in  connection  with 
such  outbreaks  a  great  many  dysentery-hke  organisms  have  been 
dcHcribed.  At  times,  however,  the  disease  has  caused  widespread 
epidemic  outbreaks,  and  Castellani  and  Chalmers  '**  mention  great 
epidemics  which  occurred  in  Europe  in  1538,  1777,  1779,  and  1834.  In 
its  epidemic  form  it  is  particularly  a  disease  of  armies.  Vincent  and 
Muratet  ^^  state  that  a  destructive  epidemic  took  place  in  the  English 
Armies  in  1415  after  the  battle  of  Agincourt.  There  were  serious  epi- 
demics in  the  armies  of  the  Allies  during  the  (.'rimean  War,  during  the 
American  Civil  War, during  the  Franco-Prussian  War,the  Russo-Turkjsh 
and  the  RussoTapaneseWar.  Considerable  dysentery  morbidity  occurred 
in  the  South  African  War.  and  during  the  recent  World  War  the  disease 
was  prevalent  among  all  the  armies  fighting  on  the  Eastern  and  Western 
fronts.  In  speaking  of  the  dysentery  morbidity  under  war  conditions, 
it  is  always  important  to  remember  the  almost  insuperable  difficulties 
which  render  accurate  diagnosis  of  the  disease  almost  impossible.  Also, 
it  is  likely  that  large  epidemics  are  rarely  caused  by  a  single  dysentery 
type. 

In  1905  Araako^  studied  the  epidemics  which  occurred  in  the  town 
of  Kobe  and  from  743  cases  isolated  dysentery  bacilli  in  526.  During 
this  single  (epidemic  he  found  5  difTercnt  types  of  dyscnter>'  bacilli, 
the  fii*st  type  being  the  typical  Shiga  l)aci!lus,  the  second  being  a  mannite 
fennenter,  the  fourth  and  fifth  fermenting  maltose  and  dextrin,  the 
third  ha^^ng  no  efTect  upon  maltose  and  dextrin  but  fermenting  sao-j 
charose  like  the  fourth  and  fifth.  He  found  the  first  type  in  108  caseSj 
the  second  in  202,  the  third  type  in  9,  the  fourth  in  169,  and  the  fifth  in 


**C(nitethni  and  CHoImeta,  Text-book  of  Tropical  Medicine. 
"  Vincrnt  and  Muratet.  Dysentery,  etc.,  Military  Me<l,  Manual,  Univ.  of  London 
PrwB,  1017 

-Amako,  Zai.  f  Hyg ,  60.  19W,  93. 
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16  rmra  Such  inrestisAtkNift  amply  prove  that  eren  local  rpidrwim 
may  be  cauBfH  by  a  oonndermble  number  of  tMereDt  orgaaisma.  Ir 
one  case,  aa  a  matter  of  fact,  he  found  two  different  types  in  the  fiaooe 
patient.  Stadjring  family  epidemka  at  the  same  time*  he  usually  found 
one  and  the  vme  type  in  &  sn^  family,  but  in  sua  families  in  which 
tiiere  were  25  patients  be  found  two  diffefeni  types. 

Aa  we  ahall  see,  dyBentery  m  tranamitted  by  much  the  same 
are  respoittible  for  trangniwaan  of  other  inlcetinal 
parat3rphoid,  etc.,  and  in  oonaeqoenoe,  sanitary  and  other  coo- 
ditaoDs  which  bring  about  one  disease  fxse  rise  to  eases  of  the  other. 
It  is  a  Qotioeab&e  feature  of  the  outbreaks  of  intestinal  dtsesse  which 
occurred  in  the  Allied  Armies  during  the  late  war  that  every  outbreak 
dgrseoteric  maladies  was  acoompvkied  by  eoonnous  nombers  of  mikl 
cotiditioos.  This  is  mentioned  by  Vincent  and  Muratet  for 
French  and  British  Armies^  and  was  notiecd  by  us  during  the  out- 
of  similar  eoodttkiiks  among  the  American  troops  in  July,  191& 
SQch  times  the  intestinal  distarfaaooes  are  almost  universal  among 
taking,  in  most,  the  form  of  a  mild  temporary  and  recurring 
in  others  a  more  severe  diarrhea  with  fev«r,  and  in  others, 
severe  s>-mptoms  of  typkal  dgnenftery.  BacterkiogiGal  analyss 
large  numbers  of  cases  is  next  to  irapcaoble  under  such  coaditinna, 
creo  the  limited  number  m^de  dtuing  the  late  war,  at  least  in  the 
of  the  American  Armies  showed  that  all  the  known  varieties  of 
invader?,  tj-phoid,  p&rat>*phaftd  and  the  %'arioas  dtyaeoitery 
played  a  rdle  in  the  outbreaks.  It  b  not  at  all  impoenfafe  that 
of  the  mikl  cases  may  have  been  tnie  djraentery  or  crrett  true 
nMxiified  by  Increaaed  natural  rrBitimr  and  by  vaccination  in 
.  On  the  other  hand,  it  is  also  qtMle  ikeiy,  in  fad  is  the  view 
favor,  that  the  large  majority  of  the  miki  cases  which  eonstituted 
pT****p«  90  per  cent  of  the  total*  represented  iofectioos  by  various  other 
IMS  originating  in  the  inswiiin  inf ectaon  of  food  and  water 
fecal  orgaaisBBS,  the  result  of  open  latnnes,  limited  water  suiiplics 

The  most  severe  epidemics  are  probahly  those  due  to  the  Sliiiea 


^^cffimT 


ins.    However,  the  Flexner  bacilli  have  been  known  to  cause  con- 
epsdennea  in  suuHuMtiiu  Europe  and  in  parts  of  Asia,  in  the 
Japan,   Cliina  and   CeyhxL    The  Strong  badSus  has 
known  to  caoae  d«Me  in  the  PhilippiDeB  and  the  "Y"  baaffas 
has  been  found  mther  frequently  in  mikler  outbreaks  and  in  sporadic 
especially  in  the  United  States.    The  "T"  bAciihis  has  been 
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ticularly  found  in  connection  with  cases  of  so-callcil  infantile  diarrhea, 
and  it  if  not  impos8il>le  that  many  cawn  of  (iiarrhea  in  children  may  he 
due  to  this  orKanism. 

In  many  countries  there  seem  to  be  endemic  foci  of  dys^'nteiy.  This 
has  been  particularly  studied  in  Frtincc  where  outbreaks  of  dysentery 
aeem  often  to  have  started  in  the  centra!  part  in  the  neighborhood  oi 
Tours,  and  it  is  not  unlikely  that  in  our  own  coimtr\'  there  may  be  scat- 
tered dyscnteiy  foci  in  the  large  fities  of  the  north  and  in  some  parts  of 
the  south. 

Dysentery  may  be  conveyed  by  a  number  of  different  agencies.  It 
is  easj'  to  underet and  that  in  a  disease  in  whirh  the  movements  become 
fluid  and  very  frequent,  and  in  which  many  mild  unhospitalized  cases 
may  exist,  the  srnttering  of  infectious  material  is  ver>'  much  more 
imi>ortant  epidcmioloKically  than  it  would  be  in  a  disease  like  typhoid 
f^ver.  In  consequence,  transmission  from  man  to  man  by  hands  and 
indirect  contamination  of  foo<l,  etc.,  is  common  during  epidemics.  The 
organisms  may  remain  alive  for  a  considerable  period  in  the  soil,  as  we 
have  seen,  and  under  camp  contlitions,  infected  latrines  may  contam- 
inat^e  water  supplies  and  by  the  intervention  of  flies,  scatter  the  oi*gan- 
isms  to  the  food.  Fly  transmission  is  of  the  utmost  importance  in 
dysentery  among  armies  in  the  hot  weather.  It  was  probably  the  most 
important  means  of  transmission  during  the  American  Army  epidemic 
spoken  of  above.  I..arge  water  epidenncs,  as  described  in  the  case  of 
typhoid  fever,  are  uncommon,  although  isolated  oncfl  have  been 
describe*!. 

pysentcn,'  carriers  unquestionably  exist.  The  organisms  may 
persist  for  months  in  the  intestinal  canals  of  ronvalcscrnt.^  and  have 
been  describo'i  in  the  stools  of  individuals  who  give  no  hi.stan-  ^f  having 
had  the  (Uscasc.  The  carrier  problem  in  dysentcn^^  is  a  vciy  difficult 
one  because  the  isolation  of  small  numbers  of  dysenteiy  haeilli  from 
stools  is  even  more  difficult  than  in  the  case  of  t>7)hoid  bacilli.  It  has' 
l>ecn  suggested  that  chronic  carriers  may  harbor  the  organisms  in  the 
gall  bladder,  but  this  is  not  definite. 

^Shiga  who  has  made  extensive  epidemiological  studies  on  dysen- 


ter>',  expresses  the  opinit)ii  that  the  chief  elcinciit  in  the  spread 
dysentery  is  the  c;trriei\  The  fir«t  positive  earner  examtnatyott 
was  mmle  Hy  ConradT^  who  isolated  dysentery  bacilli  from  th6 
stools  of  three  perfectly  healthy  children  during  the  occurrence  of  a  corw 


^CtmrwU,  FcAtichr.  fflr  Rnbt.  Koch,  Jena,  1903,  rit«d  (rpof^L^^*  K^e  JfifSi^ 
WasBcrmann,  2d  ed  ,  vol.  H. 


toth» 

W«tar«  ht 
of  vstartvU 
in  the  CUV  of  wMv.    It 
iD  liM  ftntiflk  Ara^  tha  dmd  (i 

bftvi  voatriboiod  la  tlw 


by 
wpFcad  vi  ef»Apmirs. 

Whether  or  tiot  doncstie  •TiiraaH  n«jr  act  as  c4rri^n»  is  uot  c«r 
tain^  bat  it  has  bem  niggated  that  dogs  may  be  spontancHiusijk-  inft^tod 
with  baeiliaiT-  dysmtcry  and  transmit  the  deease  to  human  beingSk 

C'astellani  mentions  that  Kroae  and  Bowman*^  have  v^  -  '  ^  n< 
taneoua  baciUaiy  dysentery  in  monkeys  in  which  Floxi^  ;  c 

isolated,  and  Messerschmidt^  found  ''Y'*  UaeilU  in  the  (eeiNft  of 
healthy  rabbita^  Indirect  traasjniaiion  1\v  moaii5  of  tood  Is  of  c^Mtr^o, 
to  be  expected.  A  saiall  epidemic  occurring  iu  ti  hiispilal  in  Neu'  Yurk 
eity  and  caused  by  the  bacillus  **  Y/*  was  iudirectl>'  traced  to  milk  hy 
ourselves.*' 

The  length  of  time  during  whieh  the  bacilli  may  Uvo  iu  the  soil 
haa  been  mentioned  as  a  source  of  danger  by  a  number  of  writers, 
and  Vincent  and  Muratct  tncntion  a  case  which  HOcmi«  to  ua  of 
considerable  importan«e  in  dealing  with  army  epidcniic^  ainco  it 
indicates  the  danger  of  bringing  new  troops  to  old  eam]>lng  grounds 
either  in  the  course  of  advances  over  enemy  territory  or  in  thr 
periodical  use  of  cantonments.  They  stale  that  dysentery  hud  been 
common  at  the  Chalons  Military  Camp  b\  1889.  A  year  laler^  troops 
coming  to  this  camp  pitched  their  tents  and  ditched  them  over  the 


"  WolUf.ein,  Mnrthn.  Stud,  from  the  n<vk.  luM  .  a,  I9(M. 

•1  Ownl  and  Shnrrr,  Stud   rn.m  thr  Hock   Inst  .  2,  IO(M 

**  Knue  aud  Bowman,  citoil  frum  Cuslellani  oiiU  Clmlitirni,  loo 

•*  Mf4Mimtrhmifil,  cit*d  from  I^nti,  lor   rit 

**ZinMer,  Prop  N.  Y.  Path.  Soi\.  1907. 
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aite  of  the  old  latrines.  Dysentery  appeared  among  this  particular 
troop  unit,  whereas,  other  troops  remained  free. 

Preventive  measures  must  center  chiefly  upon  disinfection  of 
dejecta,  closure  of  latrines,  fly-proofing  of  latrines  and  kitchens,  early 
recognition  of  suspicious  cases  with  appropriate  measures  and 
enforced  cleanliness  of  food  handlers  and  of  all  men  before  and 
after  defecation.  Care  of  water  supplies  and  food  supplies  is  of 
coui-se  indicated.  It  is  also  important  to  inquire  into  the  possibility 
of  recent  intestinal  disturbances  however  mild,  among  the  kitelieu 
personnel  and  others  in  contact  with  food.  It  Ls  not  uncommon  in 
armies  to  find  that  company  cooks  are  suffering  from  mild  intestinal 
disturbances  to  which  they,  themselves,  have  paid  little  attention^ 
but  which  may  be  sources  of  great  danger  to  others. 

Prophylactic  Vaccination. — Many  different  methods  of  prophy- 
lactic vaccination  have  been  attempted.  Early  attempts  were  dis- 
couraging because  of  the  violent  reactions  obtained  by  the  injection 
of  killed  broth  cultures  or  even  killed  suspensions  of  agar  growths. 

Sliiga*"  carried  out  vaccination  experiments  very  largely  because 
he  believed  that  the  periodical  appearance  of  epidemics  in  Japan 
indicated  the  acquisition  of  immunity  by  the  community.  He  states, 
for  instance^  that  in  the  thirty  years  preceding  1908,  two  great 
epidemics  passed  through  Japan  from  the  south  to  the  north.  The 
epidemic  remained  in  a  single  region  from  one  to  three  years,  rapidly 
reaching  a  maximum  and  gradually  declining.  After  a  period  vary- 
ing from  ten  to  twi*nty  years,  these  great  epidemics  reappeared  and 
he  helirve<l  thai  the  interval  could  be  explained  by  acijuired  im- 
munity. Shiga's  method  consisted  vei*>'  largely  in  injecting,  simul- 
taneously^  killed  suspensions  of  agar  cultures  with  specific  serum  (or 
in  other  words,  sensitized  cultures),  following  this  first  inje ct ion  with 
killed  agar  suspensions  without  serum.  This  had  the  advantage, 
which  sensitized  cultures  always  have,  of  not  giving  the  severe 
reactions  which  follow  the  injections  of  cultures  alone.  By  these 
methods  he  vaccinated  10,000  Japanese  in  epidemic  regions  without 
very  striking  results  as  far  as  the  morbidity  is  concerned,  but  with 
considerable  lowering  uf  the  mortality. 

Castcllani  inoculated  0,5  c.e.  of  a  peptone  water  culture>  killed 
by  heating  to  55**  for  one  hour,  following  thb,  after  a  week,  with  a 
seuond  inoculation  of  1  c.c.    Most  observers  have  worked  with  killed 
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aasp^nsions  of  agar  cultures  taken  up  iu  salt  solution.  The  statistics 
of  vaccinations  done  during  the  late  war  in  isoluted  Inidp  unit  arc  not 
available  at  the  pi-esent  writing.  Sj'steinatic  dysentery  vaccination 
was  not,  however,  carried  out  in  any  of  the  Euroi>cnn  urniics  as  far  ns 
we  know.  The  entire  Hubject  is  still  in  its  experimental  stages  and  no 
conclusive  statements  can  be  made  regarding  it.  As  a  matter  of  fact, 
judging  from  the  immunological  condition:^  prcvHiling  in  the  disease 
and  the  localization  of  the  orgauisnis.  one  would  cxi>ect  just  what 
Shiga  found,  a  reduction  of  the  mortality  without  any  considerable 
diminution  of  the  morbidity. 

Serum  Treatment. — Sera,  both  monovalent  and  polyvalent,  have 
been  made  by  a  large  number  of  observers  and  extensive  attempts 
at  treatment  have  beon  carried  out.  Shiga  hims<'lf  ust>d  a  mul- 
tivalent dy^'^ntrrV  «^'^-"'^  jp  wU'u-h  \y;  iiR<>d  thf  vnyj^nis  tv]>rs  isolated 
jn  Japan.  He  obtained  very  encouraging  results  iu  thoiisan<ls  of 
cases  in  Japan,  and  believed  that  therL-  was  a  very  definite  thera- 
peutic advantage  to  be  gaiticd  by  use  of  the  scrum.  Other  reports 
have  been  conflicting.  If  dysentery  scrum  is  to  be  of  great  value. 
it  probably  will  l>c  most  valuable  in  the  Shiga  types  of  I  lie  discasi' 
in  wTiich  an  exotoxin  seems  definitely  to  occur.  Sera  like  those 
produced  by  Olitsky  and  Kligler  have  not  yet  been  used  with  suffi- 
cient extenaiveness  to  warrant  final  judgment. 

THE  MORGAN  BACILU 

In  1905  and  1906  Morgan"  made  a  systematic  study  of  the 
bacteriology  of  diarrheal  diseases  iu  infancy.  He  made  a  large 
number  of  isolations  from  stools  of  such  children,  and,  among  other 
things,  isolated  from  a  nupiber  of  cases  types  of  Gram-negative 
bacilli,  obviously  belonging  into  the  paratyphoid-dysentery  group 
which,  however,  did  not  correspond  exactly  with  species  previously 
described. 

Morgan's  bacillus  I,  he  isolated  from  twenty-eight  cases  of  infant 
diarrhea,  out  of  fifty -eight  exauiiuations,  and  in  seventeen  of  these 
it  was  the  only  lactose  non-fermenting  organism  present.  This 
organism  was  motile,  produced  acid  and  gas  on  glucose,  but  did 
not  ferment  niannite,  dulcite,  lactose;  and  saccharose.  It  differed 
from  the  hog  cholera  bacillus  in  producing  an  alkalin  reaction  on 


I 
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litmus  milk  and  in  giving  a  powerful  indol  reaction.  It  produced 
neither  acid  nor  gaa  on  maltose  and  dextrin.  It  differed  from  most 
other  indol  producing  organisms  in  that  it  produced  this  suhatanec 
in  glucose  l)roth  in  the  presence  .of  excessive  glucose,  and  by  dis- 
tillation Morgan  proved  that  it  produced  indol  and  not  skatol- 
carboxylic  acid.  Morgan's  1  bacillus  is  tlie  only  one  of  his  bacilli 
in  which  pathogenicity  can  be  considered  as  a  possibility.  He  does 
not  draw  any  definite  conclusions  in  this  regard.  He  is  inclined, 
however,  to  believe  that  the  No.  I  bacillus  may  have  pathogenic 
properties. 
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Other  orpaniwiis  uliicli  he  regards  as  possibly  important  he 
Speaks  of  as  his  Nos.  Ill  and  IV  types,  both  of  which  resembled 
somewhat  the  Flexner  type  of  dysentery.  No.  HI  he  says  ag($lu- 
tinated  equally  well  with  either  Flexner  or  typhoid  serum  as  if 
cJosely  related  to  both.  It  differed  from  the  Flexner  bacillus  in 
producing  acid  on  sorbite. 

His  No.  rV  differs  from  the  Flexner  in  not  producing  indol.    The 
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No.  rV  agglutinated  in  the  Plexner  serum,  but  not  at  all  with  typhoid 
serum. 

It  would  be  confusing  to  go  more  deeply  into  the  Morgan  group. 
It  is  important,  however,  to  mention  them  since  his  work  illustrates 
the  possibility  of  there  being  a  large  niunber  of  insufficiently  differ- 
entiated types  of  Gram-negative  bacilli  in  the  intestines  of  human 
beings'.  In  view  of  the  many  researches  of  recent  years  in  which 
the  possibility  of  variants  of  unknown  species  in  regard  to  sugar 
fermentations,  agglutinability,  etc.,  has  been  pointed  out,  it  would 
seem  proper  to  advise  great  caution  in  accepting  as  new  species, 
organisms  which  differ  from  well-known  types  in  only  one  or  another 
characteristic. 


CHAPTER   XXXV 

BACUXUS  MUC08UB  CAPSULATL'S,  RHINOSCLEBOMA  AND  OZ^NA 

BACILLUS  MUCOSUS  CAPSULATUS 

{Bacterittm  pneumonim,  Friedlandi'r*^  bacilliiSf  PneumobacilluA) 

In  1882  Friedlaudcr*  announced  the  discovery  of  a  micro- 
organism which  he  bcUcvcd  to  be  the  incitant  of  lobar  pneumonia 
and  which,  in  his  ori|?inal  eommunieations,  he  described  as  a  **micro- 
coceua.'* 

A  superficial  morphological  resemblance  between  Friedlander's 
microorganism  and  Diplococeus  lanceolatus,  now  recognized  as  the 
m')8t  frequent  cause  of  lobar  pneumonia,  led,  at  first,  to  mueli  eonfu- 
sion,  and  it  was  not  until  several  yeara  later,  owing  to  the  careful 
researches  of  PrankeF  and  of  Weiehselbaum,'*  that  the  "micro- 
coccus" of  I'Viedlander  was  recognjjsed  as  a  short,  encapsulated 
bacillus  which  occun-ed  in  lobar  pneumonia  exceptionally  only. 
Similar  bacilli  were  subsequently  found  by  other  observers,  bacilli 
which,  upon  morphological  grounds,  are  classified  together  as  the 
**Friedlander  group.**  or  the  ** group  of  Bacillus  mucosus  capsulatus," 

Morphology  and  Staining. — The  Friedlander  bacillus  is  a  short, 
plump  bacillus  witli  rounded  ends,  subject  to  great  individual  varia- 
tions as  to  aize.  Its  average  measurements  are  from  0.5  to  1.5  micra 
in  width  and  0.6  to  5  micra  in  length.  Forms  approaching  both 
extremes  may  be  met  with  in  one  and  the  same  culture.  The  short, 
thick  forms,  frequently  found  in  animal  and  human  lesions,  arc 
almost  coocoid  and  account  for  Friedlander  *s  error  in  first  describing 
the  bacilluK  as  a  micrococcus.  The  bacilli  may  be  single,  in  diplo- 
form,  or  in  short  chains.  They  are  non-motile  and  possess  no  flagella. 
Spores  are  not  formed. 

^  PrustUander,  Virohow'fl  Arch..  bDcxvii.  1882;   Fort.  d.  Med.,  i,  1883;   ibid.,  ij, 


1884. 


» Frdnhel,  Zeit.  f.  klin.  Med.,  x,  1886 
'  WH4:hafn>aum,  Med,  J«hrb.,  Wien,  1886. 
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The  bacillus  is  charaeteristically  siuToundod  by  a  weH-tlevoioped 
capsule  which  is  ntosl  periVcUv  di'monst rated  lu  pn'paraMons  iaken 
directly  from  some  animal  fluid.  HUpl'  »^  il"-  Mi...i-i.ii..ii  .m-  i.^iufnio 
from  mfgctcd  are^s.  Il  is  also  seen,  howevei'.  in  bmears  made  from 
agar  or  gelatin  cultures.  Tho  capsule  is  usually  lar^o,  twice  or  three 
times  the  size  of  the  bacillus  itsi'lf.  When  seen  in  chains  or  in 
groups,  several  bacilli  may  appear  to  hi*  inclosed  in  one  capsule. 
Prolonged  cultivation  on  agar  or  gelatin  may  result  in  disappearance 
of  the  capsule.    The  bacillus  is  easily  stained  with  the  ordinary 


dyes,  but  is  decolorized  when  stained  by  tlie  (irani-niptliod.  Capsule* 
may  often  be  seen  when  the  mure  intense  anilin  dyes  are  employi-d. 
They  are  brought  out  with  much  regularity  by  any  of  tho  usual 
capsule  stains. 

CiQtivation. — B.  nnicosus  capsulatus  is  easily  cultivated.  It  grmrs 
readily  on  all  the  usual  culture  media,  both  on  those  having  a  meat- 
infusion  basis  and  on  those  made  with  meat  extraet.  Growth  takes 
place  at  room  temperature  (18*"  to  20°)  and  more  rapidly  ai  373*  C 
A  temperature  of  60°  C.  and  over  kills  the  baeLlli  in  a  short  tMc. 
The  thermal  death-point  according  to  Sternbt»rg  is  56°  i\    fhwmtk 
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mtmm.  betov  10"  to  12^  C.    Kept  at  room  temperature  and  protected 
from  drying,  the  baeillus  may  remain  alive,  in  cultures,  for  several 


bacillus  is  not  very  fastidious  as  to  reaction  of  media,  grow- 
ing vqaaliy  well  on  moderately  alkaline  or  acid  media.  It  is  aerobic 
iaitnktMMVfriy  anaerobic;  in'O'wth  under  anaerobic  conditions. 
i»  BOt  luxuriant. 

Ob  wytWi  growth  appears  in  the  form  of  grayish-white  mucus-like 
■Ming  a  characteristically  slimy  and  semi-fluid  appearance. 
Q6kmtB  bnre  a  tendency  to  contluenoe,  so  that  on  plates,  after  three 
or  ft»r  (lays,  a  large  part  of  the  surface  appears  as  if  covered  with 
a  flin  of  glistening,  sticky  exudate,  which,  if  fished,  comes  off  in  a 
tKUciBOSv  stringy  manner.  It  is  often  possilile  to  make  a  tentative 
tiSagDnsk  of  the  bacillus  from  the  appearance  of  tliis  growth. 

In  broth,  there  is  rapid  and  abundant  growth,  with  the  formation 
of  a  pelHrle.  grneral  clouding,  and  later  the  development  of  a  pro- 
t\i9^^  stringy  sediment. 

Stab  cultures  in  gelatin  show,  at  first,  a  white,  thin  line  of  growth 
atoug  the  course  of  the  puncture.  Soon,  however,  rapid  growth  at 
the  lop  results  in  the  formation  of  a  grayish  mucoid  droplet  on  the 
wrfaec.  which,  enlarging,  gives  the  growth  u  nail-like  appearance. 
This  uaiUshape  was  originally  discribed  by  Friedlander  and 
regarded  as  diagnostic  for  the  bacillus.  Tiic  gelatin  is  not  fluidified. 
As  the  culture  grows  older  the  entire  surface  of  the  gelatin  tube 
may  be  covered  with  growth,  flowing  out  from  tlic  edges  of  the 
nail-hcatl.  Tl)e  gelatin  acquires  a  darker  color  and  there  may  be 
a  few  gas  bubbles  below  the  surface.  Microscopically,  colonies  on 
gv^latin  plati^s  have  a  smooth  outline  and  a  finely  granular  or  ev^n 
honingcMiHius  consistency. 

On  blood  scritnif  a  confluent  mucus-like  growth  ajtpeurs. 

On  piitiitti,  abundant  growth  appears,  slightly  more  brownish  in 
color  than  that  on  other  media. 

In  ptpton  sohitionSf  there  is  no  indol  formation. 

In  milk,  there  is  ahun<lant  growth  and  marked  capsule  develop- 
ment.    Coagulation  occurs  irregularly. 

In  considering  the  general  eiUtural  characteristics  of  the  Fried- 
llinder  iMirillus.  it  mast  not  be  forjfolteri  that  we  are  dealing  with  a 
rather  heterogeneous  group,  the  individuals  of  which  are  sui>ject  to 
many  minor  variations.  Oapstde  development,  lack  of  motility,  in- 
abilitv  t(»  fluidify  gelatin,  failure  in  form  indol,  and  ahaenee  of 
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aporps,  are  characteristics  common  to  all.  In  size,  gvncral  appear- 
ance, gEH  formation,  and  patiiogenicity,  individual  strains  may  vary 
much,  one  from  the  other.  Strong*  hat*  studied  various  racoH  an 
to  gas  formation  and  eonchides  that  most  strains  form  gas  from 
dextrose  and  lemlose,  but  that  lactose  is  fermented  by  some  only. 
About  two-thirds  of  the  gas  formed  is  hydrogen,  the  rest  COj.  Acid 
formation,  according  to  Strong,  is  also  subject  to  much  variation 
among  different  races.  Similar  studies  by  Perkins"  show  that  most 
of  the  ordinary  cultural  characteristics  of  bacilli  of  this  group  arc 
extremely  variable  and  can  not  serve  as  a  basis  for  difl'erenlialion. 
Reactions  on  sngars,  however,  are  more  constant.  Perkins  suggests 
the  following  tentative  division  classes  on  this  basis: 

L  All  carbohydrates  fermented  with  the  formation  of  gas. 

II.  All  carlwhydrates,  except  lactose,  fermented  with  the  foi-ma- 
tion  of  gas. 

III.  All  carbohydrates,  except  saccharose,  fermented  with  the 
formation  of  gas. 

Type  I.  corresponds  to  B.  aei^ogenes  (Migula),  type  II.  to  B. 
Friedlander  or  Bacterium  pneumoniae  ( Migula j,  and  type  HI,  to 
Hat'iilus  laetis  aerogenes. 

DifTerentiation  by  means  of  somm  reactions  has  not  proved,  satis- 
faetory." 

Pathogenicity. — When  Friedlander  fii-st  described  this  micro- 
organism, he  assumed  it  to  be  the  incitant  of  lobar  pneumonia.  Sub- 
sequent researches  by  Weichs<'lbaum'  mikI  otliers  Itavc  shtiwn  it  to 
be  etiologicaily  associated  with  pnetimonia  in  about  seven  or  eight 
per  cent  of  all  cases.  The  percentage  in  this  country  is  probably 
lower.  Such  cases  can  often  be  diagnosed  by  the  presence  of  the 
bacilli  in  the  sputum,  which  is  peculiarly  sticky  and  stringy.    Cases 

ji [ ; 

^Sirmg,  Cent  f  BaVt.,  xxv,  1899. 

•.P«rib'rw,  Jour,  of   Infect.  Dia  ,  I,  No.  2,  1904. 

•  J.  G.  Fitzgorald,  who  has  recently  made  a  careful  study  of  llie  murosuai  va\>- 
BuUtus  group  \\aH  coucluded  that  present  methods  do  not  permit  a  suMiviaion  of 
these  organisms  into  8ei>arate  speoit^.  He  oBera  the  following  "tontntive  bur- 
gestion":  "It  ia  conceivable  that  mutations  baaodon  the  necfi^sily  of  mninlainingn 
parasitic  existence  have  cau^id  Gram-negative  bacilli  found  normally  in  the  body 
elsewhere  than  in  the  inte^stinat  tmct  to  develop  capsules  for  protection  and  a  new 
group  liafl  ari!*eu  whicli  we  designate  B.  mucoeua  caiwwlatus;  and  the  varieties  B. 
aemgenes  and  B.  acidi  lactici  connect  the  group  with  the  non-encaiimilnted  colon 
group." 

'  Wdchselbaum,  loc.  cil. 
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'J  ^'j*i*"llanHfi-  Dneumonia  sre  extremely  severe  and  nsually  fatal. 
The  bacillus  has  been  found  in  eases  of  ulcerative  stomatitis  and 
nasal  catarrh;  in  two  eases  of  severe  tonsillitis  in  children;  in  the 
pus  from  suppurations  in  the  antrum  of  ilighmore  and  the  nasal 
sinuses  (Frankel  and  others),  and  in  cases  of  fetid  coryza  (ozena), 
of  which  disease  it  is  supposed  by  Abel**  and  others  to  be  the  specific 
cause.  Whether  the  ozena  bacillus  represents  a  separate  species 
or  not,  can  not  at  present  be  decided.  The  bacillus  of  Friedlunder 
has  been  found  in  empyema  fluid,  in  pericardial  exudate  (after 
pneumonia),  and  in  spinal  fluid.*  Isolated  cases  of  Friedlander 
bacillus  septicemia  have  been  described.*'*  Beinpf  occasionally  a 
saprophytic  intiabitant  of  the  normal  intostine,  it  has  been  believed 
to  be  etiolog:ieally  associated  witli  some  forms  of  diarrheal  enteritis. 

B.  mucosus  eapsulatUH  is  pathojfcnie  for  mice  and  guinea-pigs, 
less  so  for  rabbits.  Inoculation  of  susceptible  animals  is  followed 
by  local  inflammation  and  death  by  septicemia.  If  inoculation  is 
intraperitoneal,  there  is  formed  a  characteristically  mucoid,  stringj' 
exudate. 

The  question  of  inununization  against  bacilli  of  the  Friedlander 
group  is  still  in  tlie  stage  of  experimentation.  Immunization  with 
carefully  graded  do.ses  of  dead  bacilli  haa  been  successful  in  isolated 
cases.  Specific  agglutinins  in  immune  serum  have  been  found  by 
Clairmont,"  hut  irregularly  and  potent  only  against  the  particular 
strain  used  for  the  immunization. 

OTH£S  BACILLI  OF  THE  FRIEDLAKDER  OROUP 

Bacillus  of  Rhinoacleroma. — This  bacillus,  described  by  v. 
Friseh'-  in  1882,  is  a  plump,  short  rod,  with  rounded  ends,  mor- 
phologically almost  identical  with  Friedliinder's  bacillus;  it  is  non- 
motile  and  possesses  a  ilistinct  capsule.  Although  at  first  described 
as  riram-positive,  it  has  been  shown  to  be  decolorized  with  this 
method  of  staining.  It  forms  slimy  colonies,  has  a  UHil-like  appearance 
in  gelatin  stab  cultures,  and  in  pepton  solutions  produces  no  indol.  It 
dilTcrs  from  IV  mticosus  capsulatus  (Wildr*")  in  forming  no  gas  in 


I 


•Abel,  Zcit.f.  Hyg,  X3d. 

*Jdger,  Zcit.  f   Hy^.,  xix. 

^•Howard,  Johns  HoT)kin9  Hosp.  Ball.,  1899. 

'^  Clnirnumt,  Zeit.  f.  Hyc-,  xxxix. 

^*FrL<ch,  Wieii.  me.l   Woch..  1882. 

"  PTiWf,  Crnt  f  Bakt ,  xx,  1SD6. 
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dextrose  bouillon,  in  producing  no  acid  in  lactose  bouillon,  and  in 
iievfi-  coaguiating  unlW.  ' 


Pathogentctiy. — The  bacillus  of  rhinoscleroma  is  but  moderately 
pathogenic  for  animals  delicately  susceptible  to  the  bacillus  of  Fried- 
lander.  Khinoscleroma,  the  diseapc  produced  by  this  hneitlus  in  man. 
consists  of  a  slowly  p^^^winp:  granulonifltous  inflammation,  located 
usually  at  the  external  nares  or  upon  the  mucosa  of  the  nose,  moulb, 
pharynx,  or  larynx.    It  is  composed  of  a  number  of  chronic,  hard. 


Fio.  72. — Bacillus  or  KHiNOfiCLEUOMA.     Section  of  tissue  showing  the  micro- 
organl^rifl  within  Mikuli*^«  cells.     (After  Frankcl  and  Pfriffpr  ) 

nodular  swellings,  wliich,  on  histological  examination,  show  granu- 
lation tissue  and  productive  inflammation.  In  the  meshes  of  the 
abundant  connective  tissue  lie  many  large  swollen  cells,  the  so-called 
"Mikulicz  cells/***  The  rhinoscleroma  bacilli  lie  within  these  cells 
and  in  the  intercellular  spaces.  They  can  be  demonstrated  in  his- 
tological sections  and  can  be  cultivated  from  the  lesions,  usually 
in  pure  culture.  Rhinoscleroma  is  rare  in  America.  It  is  most 
prevalent  in  Southeastern  Europe.  The  disease  is  slowly  progressive 
and  comparatively  intractable  to  surgical  treatment,  but  hardly  ever 
affects  the  general  health  unless  by  mechanical  obstruction  of  the 
air  passages. 

i«  Mikukct,  Arab,  f .  Chir..  xx,  1876. 
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B,  Osaenae. — Thr  work  of  AIm4**  and  others  has  shown  that  usena, 
or  fetid  nasal  catarrh,  is  almost  always  associated  with  a  bacillus 
morphologically  and  culturally  almost  identical  with  H.  mucosus 
eapsulatUK.  The  l>acillus  can  not  be  definitely  separated  from  the 
latter.  According  to  Wilde  it  forms  no  gas  in  dextrose  bouillon 
and  is  loss  pathogenic  for  mice  than  H.  Priedlandor.  Wliether  it  is 
a  separate  species,  or  merely  an  atypical  form  changed  by  environ- 
ment, ean  not  Ix-  stated  at  present. 

Perez  Bacillus  of  Ozaena. — Perez"  in  1899  described  another 
microorganism  which  Ite  connect*  etiolouii-ally  with  o^^na.  The 
Perez  hacilluH  is  Oram-uegative,  pleomorphic,  non-motile  and  non- 
capsulated. It  grows  easily  on  ordinary  media,  does  not  liquefy 
gelatin,  and  makes  indol.  Its  cultures  have  a  characteristic  fetid 
odor.  Intravenously  injected  into  rabbits  it  seems  to  produce  a 
localized  lesion  in  the  nasal  cavity  on  the  turbinated  bones.  Ilofer" 
has  also  isolated  it,  but  recent  work  leaves  its  importance  as  the 
causative  agent  in  doubt. 

»»i4W,  Xeit   f.  Hyg.  xxi 

^  Perez,  Anima!  do  Vlnsi  P*«t  1S99 

1  Ht^er,  Wlen.  klin.  Woch.,  vol.  26,  pp.  1011  and  1628. 
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ANAEROBIC     BACILLI.     TKTANUS     AND     BACILLUS  TETANI. 
BOTULISMUS  AND  THE  BACILLUS  BOTUUNUS 


Lockjaw  or  tetanus,  though  a  comparatively  iiifi-oquout  disease, 

[tias  been  recognized  as  a  distinct  clinical  entity  for  many  centuries. 

The  infectious  nature  of  the  disease,  however,  was  not  demonstrated 

until  1884,  when  Carlo*  and  Rattone  succeeded  in  producing  tetanus 

in  rabbits  by  the  inoculation  of  pus  from  the  cutaneous  lesion  of 

a  human  case.     Nicolaier,'  not  long  after,  succeeded  in  producing 

tetanic  s>7nptoms  in  mice  and  rabbits  by  inoculating  them  with  soil. 

In  connection  with  the  lesions  produced  at  tlie  point  of  inoculation, 

Kieolaicr  described  a  bacillus  which  may  have  been  Bacillus  tetani, 

[tbut  which  he  was  unable  to  cultivate  in  pure  culture.    Kitaaato/ 

[in  1889,  definitely  solved  the  etiological  pro))lem  by  obtaining  from 

cases  of  tetanus  pure  cultures  of  bacilli  with  which  he  was  able 

again  to  produce  the  disease  in  animals. 

Kitasato  succeeded  where  others  liad  failed  because  of  his  use  of 
anaerobic  methods  and  his  elimination  of  non-spore- bearing  con- 
taminating organisms  by  means  of  heat.  His  method  of  isolation 
was  as  follows:  The  material  containing  tetanus  bacilli  was  smeared 
upon  the  surface  of  agar  slants.  These  were  permitted  to  develop 
at  incubator  temperature  for  twenty-four  to  forty-eight  hours.  At 
the  end  of  this  time  the  cultures  were  subjected  to  a  temperature 
of  80"  C.  for  one  hour.  The  purpose  of  this  was  to  destroy  all 
non-sporulating  bacteria,  as  well  as  aerobic  spore-bearers  which  had 
developed  into  the  vegetative  form.  Agar  plates  were  then  in- 
oculated from  the  slants  and  exposed  to  an  atmosphere  from  which 
oxygen  had  been  completely  eliminated  and  bydrogen  substituted. 
On  these  plates  colonies  of  tetanus  bacilli  developed. 

Morphology  and  Staining. — The  bacillus  of  tetanus  is  a  slender 
bacillus,  2  to  5  micra  in  length,  and  0..3  to  0.8  in  breadth.     The 
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»  Cttrlo  e  RaUone,  Gioniale  d.  R.  Acad.  d.  Torino,  1884. 
*  Nxcolaxer,  Tnaug.  Diss.,  Oottingen,  1885. 
^KUataio,  Deut.  med.  Woch.,  No.  xxari,  1889. 
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vegetative  forms  which  occur  cliiefly  in  young  cultures  arc  slightly 
motile  and  are  seen  to  possess*  numerous  peritrichal  flagella,  when 
stained  by  special  methods.  After  twenty-four  to  forty-eight  huurs 
of  incubation,  the  length  of  time  depending  somewhat  on  the  nature 
of  the  medium  and  the  degree  of  anacrobiosis,  the  bacilli  develop 
spores  which  are  characteristically  located  at  one  end,  giving  the 
bacterium  the  diagnostic  di'umstick  appearnnce. 


Flo.  73. — BA<TiLi-n8  tetaw.     Spore  Btain. 

As  the  cultures  grow  older  the  spore-bearing  formn  eorapletely 
supersede  the  vegetative  ones.  Very  old  cultures  contain  spore- 
hearing  bacilli  and  spores  only. 

The  tetanus  bai:illu»  is  t^asily  stained  by  the  usual  anilin  dyes, 
and  reacts  positively  to  Gram's  stain.  Flagella  staining  is  snecessful 
only  wlicn  very  young  cultures  are  employed. 

Distribution. — In  nature,  the  tetanus  bacillus  has  been  found  by 
Nicolaier  and  others  to  occur  in  the  superficial  layers  of  the  soil. 
The  earth  of  cultivated  and  manured  fields  seems  to  harbor  this 


*  Vottal^,  Zcit.  f.  Hyg..  xxvii. 
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organism  with  especial  frequency,  probably  because  of  its  presence 
in  the  dejecta  of  some  of  the  domealie  animals. 

Biological  Characteristics. — The  bacillus  of  tetanus  is  generally 
described  as  an  obligatory  anaerobe.  While  it  is  unquestionably 
true  that  growth  is  ordinarily  obtained  only  in  the  complete  absence 
of  oxygeu.  various  observers,  notably  Fcrran''  and  Belfanti,"  have 
successfully  habituated  the  bacillus  to  aerobic  conditions  by  the 
gradual  inerease  of  oxygi'n  in  cultures.  Habituation  to  aerobic  con- 
ditions has  usually  been  aeeompanied  by  iliminution  or  loss  of 
pathogenicity  and  toxin-formation.  Anaerobic  conditions  may  like- 
wise be  dispensed  with  if  tetanus  bacilli  be  grown  in  symbiosis  with 
some  of  the  aerobic  bacteria.  The  addition  to  eullure  media  of  suit- 
able carbohydrates,  and  of  fresh  sterile  tissue,  has  also  been  found  to 
render  it  less  exacting  as  to  nieehanical  anaerobiosis.^ 

Anaerobieully  cultivated,  Bacillus  tetani  grows  readily  upon  meat- 
infusion  broth,  which  it  clouds  within  twenty-four  to  thirty-six  hours. 

V\)on  meat-infusion  gelalin  at  20"  to  22**  C.  the  tetanus  bacillus 
grows  readily,  growth  becoming  visible  during  the  second  or  third 
day.    There  is  slow  lij|uefartion  tif  the  gfhitin. 

On  agar^  at  37.5°  C,  growth  appears  within  forty-eight  hours. 
Colonies  on  agar  plates  present  a  rather  characteristic  appearance, 
consisting  of  a  compact  center  surrounded  by  a  loose  meshwork  of 
fine  filaments,  not  unlike  the  medusa-head  appearance  of  subtilis 
colonics.  In  agnr  staljs,  fine  radiating  processes  growing  out  in  all 
direexions  from  the  central  stab  tend  to  give  the  culture  the  appear- 
ance of  a  fluff  of  cotton.  }lilk  is  a  favorable  culture  medium  and  is 
not  coagulated.    On  potato,  growth  is  delicate  and  hardly  visible. 

The  most  favorable  temperature  for  the  growth  of  this  bacillus 
is  37.5'*  C.  Slight  alkalinity  or  neutrality  of  the  culture  media  is 
most  advantageous,  tliough  moderate  acidity  does  not  altogether 
inhibit  growth.  All  the  media  named  may  be  rendered  more  favor- 
able still  by  the  addition  of  one  or  two  per  cent  of  glucose,  maltose, 
or  sodium  formate.*  In  media  containing  certain  carbohydrates, 
tetanus  bacilli  produce  acid.  In  gelatin  and  agar,  moderate  amounts 
of  gas  are  produced,  consisting  chiefly  of  CO^^*  but  with  the  admix- 


■  Penan,  Cent.  f.  Bakt.,  xxiv,  No.  1. 

•  Beifanti,  Arrh.  per  Ic  Hci.  med.,  xvi. 

'"'»  n.  .SwM,  Brown,  and  Walker,  Jour.- Med.  Rce.,  N.  S.,  ix,  1906. 

•  KittUfoio,  Ztaohr.  f  HyR.  1891. 

•  V.  EUUr  and  Pribram  in  Kraus  and  Lcvaditi,  Handbucli,  etc.,  Jena.  1907. 
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tares  of  other  volatiU*  substances  which  ^vc  rise  to  a  characteristic- 
ally unpleasant  odor,  not  unlike  that  of  putrefying  organic  matter. 
This  odor  is  due  largely  to  US  and  methyimercaptan. 

The  vegetative  forms  of  the  tetanus  bacillus  are  not  more  re- 
sistant against  heat  or  chemical  agents  than  the  vegetative  forms 
of  other  microorganisms.    Tetanus  spores,  however,  will  resist  dry 


ANira   CrLTUHE  IN  Olu- 

COSC  AOAR. 


Pio.  75. — Ou>ER  Tet- 
anus Cpltche  in  Glu- 
coes  AuiUi. 


beat  at  80°  V.  for  about  ftno  hour,  live  steam  for  about  five  minutes; 
&ve  per  cent  carbolic  acid  kills  them  in  twelve  to  fifteen  hours; 
one  per  cent  of  bichlorid  of  mercury  in  two  or  three  hours.  Direct 
sunlight  diminishes  their  virulence  and  eventually  destroys  them. 
Protected  from  sunlight  and  other  deleterious  influences,  tetanus 
spores  may  remain  viable  and  virulent  for  many  ycai*s.  Hcnrijean'*' 
has  reported  success  in  producing  tetanus  with  bacilli  fi'om  a  splinter 
of  wood  infected  eleven  years  before. 

*•  ffenrijtian,  Ann.  dc  la  boo.  m(*d.  Chir.  de  LiAgc,  1891. 
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Tetanus  Toxin.^Tho  patltogcnicity  of  the  tetanus  baoiUus 
fh^p^nHft  ontirelv  upon  the  soluble  tovin  which  it  produces.  This 
toxin  is  produced  iu  auitablt'  media  by  all  strains  of  viruk^nt  tetanus 
bacilli,  individual  strains  showing  less  variation  in  this  respect  than 
do  the  separate  strains  of  diphtheria  bacilli.  Wliile  partial  aerobiosis 
does  not  completely  eliminate  toxin  formation,  anaerobic  conditions 
are  by  far  more  favorable  for  its  development. 

The  medium  most  frequently  employed  for  the  pi*oduction  of 
tetanus  toxin  is  neutral  or  sliKhtlv  alkaline  bccf-in fusion  JKUiillon 
containing  five-tenths  per  cent  Xa(.'i  and  one  per  cent  mnlou.  <  J 1  n- 
coRc,  sodium  formate,  or  tincture  of  litmus  may  l>e  added,  but  while 
these  substances  increase  the  speed  of  growth  of  the  bacilli  they 
do  not  seem  to  enhance  the  degree  of  toxicity  of  tlie  cultures.  Glu- 
cose is  said  even  to  he  unfavorable  for  strong  toxin  development. 
It  is  impoiiant,  too,  that  the  bouillon  shall  be  freshly  preparctl.** 
There  does  not  seem  to  be  any  direct  relationship  between  the 
amount  of  growth  and  the  degree  of  toxicity  of  tlie  cultures.  Under 
anaerobic  conditions  in  suitable  bouillon  and  grown  at  37.5°  C,  the 
maximum  toxin  content  of  the  cultures  is  reached  in  from  ten  days 
to  two  weeks.    After  this  time  the  toxin  deteriorates  rapidly. 

Tetanus  toxin  has  been  produced  without  resort  to  mechanical 
anaerobic  methods  by  several  observers,  uota))ly  by  Dcbrand,"  by 
cultivating  the  bacilli  in  bouillon  in  sjTubiosis  with  Bacillus  subtilis. 
By  this  method,  Debrand  claims  to  have  produced  toxin  which  was 
fully  as  potent  as  that  produced  by  anaerobic  euUivation. 

The  tetanus  toxin,  in  solution  in  the  bouillon  cultures,  may  be 
separuted  from  the  bacteria  by  filtration  through  Berkefeld  or  C'huni- 
berland  filtei*s.  Since  the  poison  in  such  filtrates  deteriorates  very 
rapidly,  much  more  rapidly  even  than  diplitlieria  toxin,  various 
methods  have  been  devised  to  obtain  the  toxin  in  the  solid  state. 
The  most  useful  of  these  is  precipitation  of  the  poison  out  of  solu- 
tion by  saturation  with  ammonium  sulphate.*^  Very  little  of  the 
toxin  is  lost  by  this  method  and,  thoroughly  dried  and  stocked  in 
vacuum  tubes,  together  with  anliydrous  phosphoric  acid,  it  may  be 
preserved  indefinitely  without  deterioration.  The  precipitate  thus 
formed  is  easily  soluble  in  water  or  salt  solution,  and  therefore 


"  VaiUard  et  VincctU,  Ann.  de  I'inst.  Pnateur.  1891. 
^Debrand,  Xxm.  de  I'iiiat.  Pasteur,  1890,  1902. 
**  Brieifer  und  Cohn,  Zeit.  f.  Hyg.,  xv. 
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permits  of  the  preparation  of  uniform  solntionfl  for  purposes  of 
standardization. 

Briefer  and  Boer"  havf  also  succeeded  in  precipitating  the  toxin 
out  of  broth  uolution  with  zinc  phh>rid(».  Vaillard  and  Vincent'* 
have  procured  it  in  the  dry  state  by  evaporation  in  vacuo. 

Brii'ger  and  Colni/"  Brieger  and  Boer,"  and  others  have  at- 
tempted to  isolate  tetanus  poison,  removing  the  proteins  from  the 
ammonium  sulphate  precipitate  by  various  chemical  methods.  The 
purest  preparations  obtained  have  been  in  the  form  of  fine  yellowish 
tiakes,  solul)le  in  water,  insoUiblo  in  alcohol  and  ether.  Solutions 
of  this  substance  have  failed  to  give  the  usual  protein  reactions. 

The  toxin  when  in  solution  is  extremely  sensitive  to  heat.  Kita- 
aato"*  states  that  exposure  to  GS''  (.'.  for  five  minutes  destroys  it 
completely.  Dry  toxin  is  more  resistant,'"  often  AviThstanding  tem- 
peratures of  120°  C.  for  more  than  fifteen  minutes.  Kxposure  to 
dii'eet  sunlight  destroys  the  poison  in  fifteen  to  eighteen  hours.^^ 

Interesting  experiments  as  to  the  action  of  eosin  upon  tetanus 
toxin  have  been  carried  out  by  various  ol>servers.  Flexner  and 
Noguehi*'  found  that  live  per  cent  eosin  added  to  the  toxin  would 
destroy  it  wJtliin  one  hour.  This  action  is  ascribed  to  the  photo- 
dynamic  power  of  the  eosin. 

Tetanus  toxin  is  one  of  the  most  powerful  poisons  known  to  us. 
Filtrates  of  broth  cultures,  in  quantities  of  0.000,005  c.c.^  will  ohen 
prove  fatal  to  miee  of  ten  gi-nms  ^veight.  Dry  toxin  obtained  by 
ammonuim  sulphate  precipitation-^  is  quantitatively  even  stronger, 
values  of  0.000,001  gram  as  a  lethal  dose  for  a  mouse  of  the  given 
weight  not  being  uncommon.  Brieger  and  Cohn'-'  succeeded  in  pro- 
ducing a  dry  toxin  capable  of  killing  mice  in  doses  of  0.000,000,05 
gram. 

Different  species  of  animals  show  great  variation  in  their  sus- 
ceptibility to  tetanus  toxin.    Human  beings  and  horses  are  probably 


"  Brieger  wid  J5ofr,  Zeit.  f.  Hyg.  xxi. 

"  VaUlard  et  Viruxnly  Anu.  cJe  TiiiBt.  Paatcur,  1S91. 

"  Britger  und  Co/in,  loc.  cit. 

•^  Brieger  und  Boer,  Zcit.  f.  Hyg.,  xxi. 

w  Kitatato,  Zfiit.  f.  Hyg..  x. 

»  AfrtTor  et  ^far^e.,  Ann.  do  I'inat.  Pasteur,  1902. 

••  Fermi  und  Pemossi,  Cent.  f.  Bakt.,  xv. 

*»  FUmer  and  Nogitchi,  "Studies  fmm  Rfwkpfrlirr  Tn^-i  ."  v  ,  1905. 

»■  Brieger  und  Cnhn  ,  loc.  rit. 

**  J9ri«ff«r  und  Cohn,  Zeit.  f.  Hyg.,  xv. 
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the  most  suscfptibh*  spct-ics  in  proportion  to  tht-ir  body  wpight.  The 
common  donu'stk-  fowls  uro  extremely  resistant.  Caleulated  for 
grams  of  body  weight,  the  horse  is  twelve  times  as  susceptible  us 
the  mouse,  the  guinea-pi^  six  times  as  susceptible  as  the  mouse. 
The  hen,  on  the  other  hand,  is  200,000  times  more  resistant  than  the 
mouse. 

After  tlie  inoculation  of  an  animal  with  tetanus  toxin  there  is 
always  a  definite  period  of  ineubation  In'fore  tlic  toxic  spasms  set 
in.  This  period  may  be  shortened  by  increase  of  the  dose,  but  never 
entirely  eliminated.''*  When  the  toxin  is  injected  subcutaneously, 
spasms  begin  first  in  the  museles  nearest  the  point  of  inoculation. 
Intravenous  inoculation,'"  on  the  other  hand,  usually  results  in 
giMiernl  tetanus  of  all  the  mus<*les.  The  feeding  of  toxin  does  not 
produce  disease,  ti»e  poisou  l>eing  passed  through  the  bowel  un- 
alterej. 

The  liarmful  aetion  of  tetanus  toxin  is  generall}^  attributed  to 
its  affinity  for  the  f^«>ntrnl  nf^rvnn^  aycnTn  Wassermann  and  Takaki" 
show  that  tetanus  toxin  was  fully  neutralized  when  mixed  with 
brain  substance.  Other  organs — liver  and  spleen,  for  instance — 
showed  no  nueh  neutralizing  power.  The  eei?tral  origin  of  the  tetanic 
contractions  was  made  very  evident  by  the  work  of  Oumprccht," 
who  succeeded  in  stopping  the  spasms  in  a  given  region  by  division 
of  the  supplying  motor  nerves. 

Th*^  manner  in  whieli  tlu^  toxin  reaches  the  central  nervous  system 
has  been  extensively  investigated,  chietly  by  Meyer  and  Rnnsora, 
and  Marie  and  Morax.  Meyer  and  Ransom^*  from  a  scries  of  careful 
experiments  reaehid  the  conclusion  that  the  toxin  is  conducted  to 
the  nerve  centers  along  the  paths  of  the  motor  nerves.  Injected 
into  the  circulation,''"  the  toxin  reaches  simultaneously  all  the  motor 
uerve  endings,  producing  general  tetanus,  in  tliis  ease  too,  there- 
fore, the  poison  from  the  blood  can  not  pass  directly  into  the  central 
nervous  system,  but  must  follow  the  route  of  nerve  tracts. 

Th..qu  nli^j^.r^fttmiit:  hflio  hm.i^  ^ff  great  practieal  value  in  that  they 
pointed  to  the  desirability  of  the  injection  of  tetanus  antitoxin 


**  Counnont  et  Ooyen,  Arch,  de  phys.,  1893 
»  Rawiom,  Deut.  med.  Woch.,  1893. 

*  Wassermann  und  Takaki,  Berl.  kiln.  Woch . 
^  Gumpncht,  Pfltiger'a  ^Vrrh.,  1896. 

•  Mcijtr  und  Rnfmom^  Arch,,  f.  exp.  Pharm   u.  Path  .  xlix. 
^  SSaric  ct  Morax,  Ann.  de  I'inat.  Pnateur,  1902. 
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directly  into  tlie  nerves  and  the  central  nervous  system  in  active 
cases. 

Tetanolysin. — Tetanus  bouillon  eontainK,  besides  the  '*tetano- 
spasmiii"  doscribcd  above  which  produces  the  familiar  symptoms  of 
the  disease,  another  siibstanee  discovered  by  Khrlieh-'"*  and  named 
by  him  *  *  tetanolysin. ' '  Tetanolysin  has  the  power  oi  causing  hemol- 
ysis of  the  rt'd  blood  eoT-pusclcs  of  various  animals,  and  is  an  entirely 
separate  substani-o  from  tetanospasnun.  It  may  be  removed  from 
toxic  broth  by  admixture  of  red  blood  cells,  is  more  thermolabile 
timn  tin*  tetaniisjja.sniin.  and  gives  I'iso  to  an  antihemolysin  when 
injected  into  animals. 

Pathogenicity. — The  comparative  infrequcncy  of  tetanus  infection 
is  in  marked  contrast  to  thr  wide  distribution  of  the  bacilli  in  nature. 
Introdueed  into  the  animal  body  as  spores,  and  free  from  toxin, 
they  may  often  fail  to  incite  disease,  easily  falling  prey  to  phagocy- 
tosis and  otiier  proteetive  agencies  before  the  vegetative  forms 
develop  and  toxin  is  forme<l.  The  proleetivij  iniportane.e  of  phagocy- 
tosis was  demonstrated  by  Vaillard  and  Rouget,"  who  introduced 
tetanus  spores  inclosed  in  paper  sa<'8  into  the  animal  body.  By  the 
paper  capsules  tlie  spores  Avere  piotnti'd  from  the  leucocytes,  not 
from  the  body  fluids.  Nevertheless,  tetanus  developed  in  the  animals. 
The  nature  of  the  wound  and  the  simultaneous  presence  of  other 
microorganisms  seem  to  be  important  factors  in  determining  whether 
or  not  the  tetanus  bacilli  shall  be  enabled  to  proliferate.  Deep, 
lacerated  wounds,  in  which  thcrr  has  been  considerable  tissue  de- 
struction, and  in  which  chips  of  glass,  wood  splinters,  or  grains  of 
dirt  have  become  embedded,  are  particularly  favorable  for  the 
development  of  these  germs.  The  injuries  of  compound  fractures 
and  of  giuishot  wounds  are  especially  liable  to  supply  these  condi- 
tions, and  the  presence  in  such  wounds  of  the  common  pus  cocci, 
or  of  other  more  harmless  parasites,  may  aid  materially  in  furnishing 
an  environment  suitable  for  the  growth  of  the  tetanus  bacilli.  Apart 
from  its  occurrence  following  trauma,  tetanus  has  been  not  infre* 
quently  observed  after  childbirth."  and  isolated  cases  have  been 
reported  in  which  it  has  followed  diphtheria  and  ulcerative  lesions 
of  the  throat." 


MffVlfM,  Berlin,  kl.  Woch  ,  1S98. 
"  Vaillard  et  Rotiyet.  Ann  dc  I'inst  PnBtour,  1S92. 
^Bagititky,  Deut.  med.  Woch.,  1893. 
»*Foge3j  Wicn.  med.  Woch,  1895. 
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A  definite  period  of  Incubalion  elapses  between  the  time  of  in- 
fection with  tetanus  bacilli  and  the  development  of  the  first  symp- 
toms. In  man  this  may  Inst  from  five  to  seven  days  in  acute  cases, 
to  from  foiir  to  five  weeks  in  the  more  chronic  ones!  Kxperimeutal 
inoculation  of  (?uinea-pigs  is  followed  usually  in  from  one  to  tliree 
days  by  rigidily  of  tlic  muscles  nearest  IIil*  point  of  infection.  Tliis 
spastic  condition  rapidly  extends  to  other  parts  and  finally  leads 
to  death,  which  occurs  within  four  or  tive  days  after  infcctiun. 

Autopsies  upon  human  bt^ings  or  animals  dead  of  tetanus  reveal 
few  and  insignificant  lesions.  The  initial  point  of  infection,  if  at 
all  evident,  is  apt  to  be  small  and  innocent  in  appearance.  Further 
than  a  general  and  moderate  congestion,  the  organs  show  no 
pathological  changes.  Bacilli  are  foujid  spai*si»ly  *?ven  at  the  point 
of  infection,  and  have  been  but  rarely  demonstrated  in  the  blood 
or  viseera.  Nieolaier  su<'eeeded  in  producing  tetanus  with  the  organs 
of  infected  animals  in  but  eleven  out  of  fifty-two  cases.  More  re- 
cently, Tizzoni^*  and  Creite"*  have  succeeded  in  cultivating  tetanus 
bacilli  out  of  the  spleen  and  heart's  biood  of  infected  human  beings. 

The  researches  of  Tarozzi"  and  of  Canfora'^  have  shown  also 
that  spores  may  be  transpoi-tod  from  the  site  of  inoculation  to  the 
liver,  spleen,  and  other  organs,  and  there  lie  dormant  for  as  long 
as  fifty-one  days.  If  injury  of  the  organ  is  experimentally  practiced 
and  dead  tissue  or  blood  clot  produced,  the  spores  may  develop  and 
tetanus  ensue.  These  experiments  may  explain  cases  of  so-called 
cryptogenic  tetanus. 

In  man  tetanus  may  take  either  an  acute  or  ehronie  fonn^  the 
word  "chronic"  here  meaninty  simply  that  the  onset  is  le.ss  abrupt, 
the  incubation  time  longer,  the  syn^ptoms  slower  in  development  iind 
t_hc  projgnosis  more  favorable.  In  the  acute  form,  the  incubation 
time  ranges  from  three  or  four  days  to  ten  or  fourteen  days,  the 
common  very  ra])id  eases  taking  about  seven.  In  the  so-ealled 
chronic  form  the  incubation  time  may  occasionally  exceed  a  montli. 
The  first  symptoms  iisually  consist  in  headache  and  general  depres- 
sion; followed  ratlier  rapidly  by  diffii'ulties  in  opening  the  mouth. 
due  to  spasms  or  trismus  of  the  masseters.  _  There  is  slight  stiffness 
of  the  neck  which  makes  it   ditfieni t  for  the  patient  to  bring  the 

»*  TUtoni,  Ziegler's  Beit.,  vii. 

*  Creite,  Cent.  f.  Bakt.,  jcxxvii. 

*  Tarozzi,  Cent.  f.  Bakt.  Orig.  xxxviii. 
"  Canfora,  Cent.  f.  Bakt.  Orig  x!v. 
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chin  forward  on  the  chest. 


Gradually  there  developa  a  spasm  of 
cheefes  which  results  in  a  drawiiig  up  of  the 


the  muKcIes  of  the 
tissues  about  the  mouth,  giving  a  curious  and  characteristie  expres- 
sion. Gradually  tlie  spasms  extend  to  the  trunk  and  back,  with 
the  development  of  opisthotonos  after  several  days.  DifEoulty  in 
swallowing  may  ensue,  and  there  may  be  involuntary  movements 
uf  urine  and  feces.  The  localization  of  the  symptoms  to  some 
extent  follows  the  location  of  the  injury.  Tetanus  may  occur  in 
the  new  born,  occasionally,  developing  soon  after  birth.  For  differ- 
ential diagnosis,  it  is  best  to  refer  to  books  on  general  medicine 
and  surgery. 

Many  tyi>es  of  atypical  tetanus  in  untreated  and  in  prophy- 
lactically  treated  cases  have  been  reported,  a  description  of  which 
can  be  found  in  extenso  in  the  volume  on  "The  Abnormal  Forms  of 
Tetanus"  by  Courtois-Suffit  and  Giroux  in  the  British  Medical  War 
Manuals,  published  in  1918.  They  i^peak  of  splanchnic  tetanus  ehar- 
aeterized  especially  by  the  involvement  of  the  muscles  of  deglutition 
and  respiration,  with  great  dysphagia.  Simple  cephalic  tetaniLs  in 
which  the  infection  may  be  confined  to  the  head,  is  a  type  in  which 
dysphagic  and  paralytic  symptoms  are  never  present,  and  wluch 
result  most  frequently  from  wounds  of  the  head.  It  may  be  cliar- 
acterixed  only  by  unilateral  and  bilateral  trismus,  or  by  contraction 
of  muscles  of  the  face.  There  is,  how^evor,  a  dysphagic  form  of 
this  in  which  pharyngeal  spasms  precede  trismus.  Rarely  they  have 
noticed  a  so-called  hydrophobic  form  in  wliieh  convulsions  accom- 
pany the  spasms. 

Prophylactic  Use  or  Tetanus  ANTiroxiN 
The  mna^  impnrtftnt  use  fnr  tcfnnng  antitoxin  which  has  been 
fm]f]fl  hithprtn^  i«  i^s  prnphylaetitT  administration.  The  mctliods  of 
applying  this  have  varied  in  different  parts  of  the  world  and  in 
different  armies.  That  it  is  of  great  value  was  demonstrated  by 
the  almost  immediate  reduction  of  tetanus  in  wounded  soldiers  after 
the  universal  introduction  of  prophylactic  tetaiuis  antitoxin  in  all 
the  armies  in  the  field.  The  wounds  which  are  particularly  danger- 
ous as  far  as  tetanus  is  conc<*rned  are  those  in  which  there  is  con- 
siderable laceration,  especially  injury  to  bone,  and  in  which  dirt, 
and  especially  manured  soil  or  soil  from  cultivated  fields,  and  feces, 
are  likely  to  be  present  The  growth  of  tetanus  haeilli  is  favored 
by  the  presence  of  dead  tissue  and  other  infected  organisms.    Studies 
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by  members  of  the  United  States  Public  Health  Service  have  ahown 
that  tetanus  can  be  produced  witli  regularity  it"  stapliylococcus  in- 
fcctioa  is  added  lo  tlie  iulccliou  with  IctanUit  spores,  and  injury  of 
tissue  by  the  injection  of  small  quantities  of  such  sulistanees  as 
quinine,  may  start  the  growth  of  latent  tetanus  spores  with  subse- 
quent dewlopment  of  the  disease.  Tetanus  spores  pass  througli  the 
intestinal  canals  of  animals  and  man  without  injury,  and  ari-  dis- 
tributed in  ttie  soil  where  they  can  live  for  almost  unlimitod  periods. 
"Wounds  iiifliL'ted  upon  men  in  tlie  field,  especially  by  tlie  blunt  and 
ragged  projectiles  of  high  explosives*  and  by  any  injury  passing 
through  soil  and  filth  covered  clothing,  through  unwashed  skin, 
fucnish  an  ideal  nitlus  for  Lnfcction.  In  eousetiuenee.  in  prac- 
tically all  the  allied  armies  every  wounded  man  was  given  an 
injection  of  about  1.000  to  1,500  units  of  tetanus  antitoxin  as  soon 
after  the  injiu-y  as  he  came  under  meilieal  ubservatiou.  In  civilian 
life,  the  wounds  that  require  similar  prophylactic  treatment  arc 
those  inflected  with  much  traumatism  and  under  dirty  conditions, 
eapecially  those  in  which  compound  fractures  are  involved. 

We  refrain  from  giving  any  set  rules  for  prophylactic  treatment. 
The  principles  involved  are  that  ihe  injection  of  from  500  to  1,500 
or  even  up  to  5,(XM)  units  should  be  made  subcutaneously  as  soon 
aa  possible  after  the  injury.  It  should  Ik?  remembered  thaf  *''^ 
first  injection  may  not  be  suftieii.nt.  Tht^  nntit»?^in  grnfinnlly  ilia, 
appears  in  tJte  coursi'  of  about  twelve  days^  and  wounds  that  are 
slow  in  cleaning  up  or  cases  in  which  secondary  interference,  such 
as  removal  of  se(|nestrum,  resetting  of  bones,  etc.  becomes  necessary'. 
may  call  for  a  second  injection  after  six  to  eight  days,  with  due 
precautions  to  prevent  anaphylaxis.  In  such  cases,  according  to 
the  judgment  of  the  surgeon,  second  injections  should  become  almost 
the  rule  since  experience  in  the  war  has  shown  that  after  two 
injections  tetanus  is  very  rare  in  appearance. 

Recently,  very  important  advances  in  our  knowledge  of  tetanus 
have  been  made  by  \Y.  J.  Tulloeh^*  who  in  1917  showed  that  tetanus 
bacilli  could  be  classiii'ed  into  at  least  three  and  perhaps  four  types 
by  agglutination  with  anti-bacterial  serum  prepared  by  injection  of 
the  bodies  of  tetanus  bacilli.  The  important  point  which  arises  in 
this  connection  is,  of  course,  whether  the  toxins  produced  by  these 
various  agglutinative  types  differ  either  qualitatively  or  quantita- 


»"  Tulloch,  Journal  of  the  R.  A.  M.  C,  Dec,  1917. 
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ofaserration  that  tb*  spMB-prodoeiiig  tMia  m  B«t 
typcSf   althoogfa   tiwre  nay   be  qiauithatiTe 
production.     ToUoeh't   tnrvatigrtiMis  sag^est   that 
properties  hi  tirtantu  jiera,  if  palyralent,  would  aid 
the  phagorytosifl  of  the  orgainnn%  and,  tberefare.  hmrt  a  prophy* 
lactic  and  thirrapcatic  ralae.    Ilia  work,  alao,  mtms  to  indScate  that 
small  amounts  of  thr  tetano^aamia  do  not  locally  aid  the  grovtb 
of  thv  tetanus  baeilluii  to  any  eoaaderable  extent,  an  obserrarion 
in  distinct  contrast  with  the  earlier  work  on  this  sabjeet.    However, 
B.  AVelcIni  toxin  and,  to  a  sonallrr  extent,  that  of  VlbrioQ  Septaqoe^ 
conffldcrably   aid   the   growth  of  tetanus,   by,  as  he  expiunea  it, 
^'devitalizing"  the  tisenies.    This  leada  Tulloch  to  favor  a  procednre, 
advised    by   other    oV>»<rven4   on   purely    bacteriological    grounds, 
nanicly  the  romhiniMK  t^f  antitoxins  against  the  poisons  of  B.  Wclchii 
and  of  Vibrion  Septiquo  with  Tetanus  antitoxin,  in  the  prophylactic 
treatment  of  war  wounds. 

Kven  wh<-n  thi«  w  <lon*».  however,  he  cautions  against  any  feeling 
of  false  security  which  might  lead  to  the  neglect  of  surgical  prophy- 
laxis. 

He  emphasizea  the  great  importance  of  early  excision  of  the 
wound  area.  No  particular  dressings  seem  to  make  a  great  deal 
of  diffcrtnee,  but  thorough  excision  Hecm»  to  hare  considerable  intlu- 
enee  on  the  developnii'nt.  nf  tclmuw  «nd  im  the  niorlality. 

The  Treatment  of  Developed  Tetanus.— To  speak  of  the  specific 
Ireatirii^it  of  tctnnux  williont  Hnyiiiff  a  few  words  about  the  surgical 
treutmeiit  w(Mild  he  taking  tlie  ri«k  of  conveying  a  false  impression. 
Therefore,  Ihouffh  our  huHinesM  here  is  concerned  largely  with  specific 
treatment,  wo  wish  to  emphasize  that  surreal  treatment  must  &U 
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ways  be  carried  out  whatever  method  of  semm  therapy  be  employed. 
This  must  cunsist  m  tltorouglily  eleariKiiig  the  wound,  removal  of 
^foreign  bodies,  fragments  of  projectik's,  clothing,  gross  dirt,  etc., 
and.  aa  the  late  war  has  shown,  it  is  perhaps  best  whenever  possible 
to  carry  out  debridement  nr  excision  of  the  wound.  From  Tulloch  V® 
Btudies  it  would  appear  timt  no  dressing  is  particnlarly  superior 
to  any  other,  and  we  doubt  very  much  whether  oxidizing  agents, 
;like  the  insiiiflation  of  oxygen,  peroxides,  etc.,  are  of  much  use, 
because  of  the  reducing  powers  of  tissues. 

As  to  specific  serum  treatment,  it  must  be  admitted  that  earlier 
results  were  very  disappointing,  and  the  mere  RubcutanpoTis  injec- 
tion even  of  large  dosvs  of  tetanus  antitoxin  has  xisually  been  dis- 
appointing in  the  acute  forms  of  the  disease.  This  has  perhaps  been 
,largely  due  to  the  fact  that  the  injected  antitoxin  could  have  no 
possible  influence  on.  the  toxiii  which  had  already  beeomc  united 
with  the  substances  of  the  nerve  tissues.  A  great  many  modiflcations 
in  the  method  of  injection  have  lx*en  employed,  such  as  injection 
directly  into  the  central  nervous  system  and  into  the  nerve  trunks, 
themselves.  It  may  be  stated  that  the  relative  acuteness  of  the 
tetanus  infection  very  definitely  influences  the  results  of  serum 
therapy-  The  following  table  taken  from  Ktienne  and  copied  from 
Courtois-Suffit  and  fJiroux  in  the  series  of  British  War  Manuals 
mentioned  above,  gives  a  general  idea  of  the  usefulness  of  serum 
therapy  in  this  disease: 


InoulMtioii. 


D«fttha. 

MortiOitr. 

'i 

7 

70% 

20 

7 

29% 

7 

1 

13.3% 

16 

1 

6.0% 

Murtality 

bt'fnre  Iho 

Intniduoiion  of 

Serotherapy, 

KccordinK  to 

Brunnar. 


1  to  5  days .  . 
6  to  10  days. 
10  to  12  days 
Over  12  days 


90% 
70% 


This  table  died  from  Courtois-Suffit  and  Giroux,  Military  Medical  Manuals, 
TJniv.  of  London  Prew,  London,  1918,  page  193. 

It  would  be  useless  to  g:o  into  the  various  methods  of  adminis- 
tering tetaniis  antitoxin  that  have  been  tried,  and  we  will  eonfine 


"  TuUochy  Jour,  R.  A.  M.  C,  December,  1917,  Jour  Hygiene,  18,  1919,  103. 
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ourselves  to  the  intraspinal  melliod  developed  in  tbis  country  by 
i'ark  and  Nicoli,*^  and  in  France  by  Doyen,  and  gradxially  cutning 
into  gi'ueral  use.  As  advised  by  Park  and  Nicoil,  a  spinal  puncture 
is  made  and  a  moderate  amount  of  spinal  fluid  taken  out.  Then, 
slowly  by  gravity  from  3,000  to  5,000  units  of  tetanus  antitoxin  are 
injected  until  a  total  amount  of  3  c.e.  has  been  reached,  the  amount 
injected  approximately  replacing  the  amount  of  fluid  withdra^^'n. 
At  the  same  time,  10,000  units  are  given  intravenously  or  intramus- 
cularly. This  procedure  must  be  repeated  according  to  indications. 
For  other  forms  of  treatment  such  as  carbolic  acid  injections, 
magnesium  sulphate,  etc.,  we  must  refer  the  reader  to  books  on 
surgical  therapy, 

BACILLUS  BOTULINUS 

Meat  poisoning  was  formerly  regarded  as  entirely  dependent 
upon  putrefactive  changes  in  infected  meat,  resulting  in  the 
production  of  ptomnins  or  other  harmful  products  of  bacterial 
putrefaction.  It  was  not  until  1888  that  certain  of  these  cases  were 
definitely  recognized  as  true  bacterial  infections,  in  which  the  pre- 
formed poison  probably  aided  only  in  establishing  the  infection. 
Gartner,  in  that  year,  discovered  the  Bacillus  enteritidis,  a  micro- 
organism belonging  to  the  group  of  the  paratyphoid  bacilli,  and  demon- 
strated its  presence  both  in  the  infecting  meat  and  in  the  intestinal 
tracts  of  patients.  The  characteristics  of  this  type  of  meat  poisoning 
have  been  discussed  more  particularly  in  the  section  describing  the 
bacillus  of  Gartner  and  its  allied  forms. 

Tliere  is  another  type  of  meat  poisoning,  however,  which  is  not 
only  much  more  severe,  but  is  characterized  by  a  clinical  picture 
more  significant  of  a  profound  systemic  toxemia  than  of  n  mere 
gastroenteric  irritation.  The  etiological  factor  underlying  this  t^^pe 
of  infection  was  first  demonstrated  by  Van  Ermengem/'  in  1896, 
and  named  Bacillus  botulinua.  Van  Ermcngem  isolated  the  bacillus 
from  a  pickled  ham,  the  ingestion  of  which  had  caused  disease  in 
a  large  number  of  persons.  Of  the  thirty-four  individuals  who  liad 
eaten  of  it,  all  were  attacked,  about  ten  of  them  very  severely.  Van 
Ermcngem  found  the  bacilli  in  large  numbers  lying  between  the 
muscle  fibers  in  the  liara,  and  was  able  to  cultivate  the  same  micro- 


*»  Park  and  NicoU,  Jour.  A   M.  A.,  53.  19U,  24S. 

"  Van  l^rmengan,  Ccat.  f.  Bakt.,  jcix,  1800;  Zeit.  f  Hyg ,  xxvi,  1897. 
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org^anism  from  the  stomach  and  spleen  of  one  of  those  who  died 
of  the  ialection.  The  results  of  Van  Ermengom  have  been  confirmed 
by  Romt'i*,*"^  and  others. 

Morphology  and  Staining. — Bacillus  butuUiius  is  a  large,  straight 
J  rod  with  rounded  ends,  4  to  6  micra  in  length  by  0.9  to  1.2  miera 
in  thickness.  The  bacilli  are  either  single  or  grouped  in  very  short 
chains.  Involution  forms  are  numerous  on  artificial  media.  The 
baeillus  is  sliglitly  motile  and  possesses  from  four  to  eight  undulated 
fiagella»  peripherally  arranged,  Sjiores  are  formed  in  suitable  media, 
most  regularly  in  glucose-jtelatin  of  a  distinctly  alkalme  titer.  The 
spores  arc  oval  and  usually  situated  near  the  end  of  the  bacillus, 
rarely  in  its  center.  Spores  are  formed  most  abundantly  wlien 
cultivation  is  carried  out  at  20"  to  25*^  C,  and  are  xisually  absent 
when  higher  temperatures  are  employed. 

The  baeillus  is  easily  stained  by  the  usual  aqueous  anilin  dyes, 
and  retains  the  auilin-gentiau-viulet  wlicn  stained  by  Gram.  It  is 
necessary,  however,  in  carrying  out  Oram's  stain  to  decolorize  care- 
fully with  alcohol  since  overdeeolori^atiou  is  easily  accomplished, 
leaving  the  result  doubtful. 

Cultivation. — The  bacillus  is  a  strict  anaerobe.  In  auaei'obic  en- 
vironment it  is  easily  cultivated  on  the  usual  meat-infusiou  media. 
It  grows  most  readily  at  temperatures  about  25"  C,  less  luxuriantly 
at  temperatures  of  35 '^  C.  and  over. 

The  bacillus  is  delicately  susceptible  to  the  reaction  of  media, 
growing  only  in  those  wliich  are  neutral  or  moderately  alkaline. 

in  deep  stab  cultures  in  one  per  cent  glucose  agar,  growth  us  at  lirst 
noticed  as  a  thin,  white  column,  not  reaching  to  the  surface  of  the 
mcdiiuii.  Soon  the  medium  is  cracked  and  split  by  the  abundant 
formation  of  gas.  On  agar  plates,  the  colonies  are  yellowish, 
opalestfcnt,  and  round,  and  show  a  finely  fringed  periphery. 

On  gelatin^  at  20°  to  25""  C,  growth  is  rapid  and  abundant,  and 
differs  little  from  that  on  agar,  except  that,  besides  the  formation 
of  gas,  there  is  energetic  fiuidifieation  of  the  medium.  On  glucose- 
gelatin  plates,  Van  Ermengcm  describes  the  colonies  as  round,  yel- 
Io>vish,  transparent,  and  composed  of  coarse  granules  whicli,  along 
the  periphery  in  the  zone  of  fiuidifieation,  show  constant  motion. 
The  appearance  of  the  surface  colonies  on  glucose-gelatin  plates  is 
regarded  by  the  discoverer  as  diagnostically  characteristic. 


**mnter,  Cent.  f.  Bakt.  xxvu,  1900. 
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In  glucose  broth  there  is  general  clouding  and  large  quantities  of 
gas  are  formed.  At  35°  C.  and  over,  the  gas  formation  ceases  after 
four  or  five  days,  the  broth  becoming  clear  with  a  yellowish-white 
flocculent  sediment.    At  lower  temperatures  lliis  does  not  occur. 

Milk  is  not  coagulated  and  disacchand^  and  polysaccharids  are  not 
fermented. 

The  gas  formed  in  cultures  consists  chiefly  of  hydrogen  and 
methane.  All  cultures  have  a  sour  odor,  like  butyric  acid,  but  this 
is  not  so  offensive  as  that  of  some  of  the  other  anaerobic  organisms. 

Tiie  bacillus  lives  longest  in  gi.'latin  cultures,  but  even  upon  these, 
transplantations  should  be  done  every  four  to  fux  weeks,  since  the 
spores  of  this  bacillus  sliow  less  viability  and  resistance  than  do 
those  of  most  spore-formers. 

Isolation. — The  isolation  of  B.  botulinus  from  infected  material 
is  often  quite  easy,  since  as  Burke  states,  few  other  organisms  may 
be  present  in  the  canned  or  pickled  food  products.  Often  anaerobic 
shake  cultures  in  agar  made  directly,  serve  to  isolate  the  organisms. 
In  most  contaminated  material,  however,  she  recommends  inoculation 
from  the  original  material  into  Von  Ermengem's  hn^th,  inoculating 
quite  richly,  duplicate  cultures  being  made  and  heated  at  60°  for 
one  hour,  to  destroy  non-spore  bearers.  Those  cultures  are  then 
incubated  at  28°  after  which  parts  of  them  arc  filtered,  and  the 
filtrate  in  quantities  of  1  c.c.  injected  into  250-gram  guinea-pigs. 
If  the  guinea-pigs  die  within  four  days,  the  pigs  are  again  tested 
with  specific  botulismus  antitoxin.  The  presence  of  the  organisms 
having  been  thus  proven  in  the  broth,  isolation  is  now  carried 
otit  by  careful  anaerobic  plating  or  shake  cultures.  We  do  not  know 
whether  the  platinized  asbestos  method  ha.s  been  used  in  hotulisinus 
work,  but  would  recommend  its  use  in  ca.sc8,  such  as  those  men- 
tioned. 

Botulismus  Toxin. — Botulismus  toxin  is  produced  nnd<*r  condi- 
tions of  strict  anaerobiosis  on  any  media  on  which  the  organism 
will  grow  readily.  According  to  Dickson"  the  toxin  is  much  more 
potent  if  the  organisms  are  grown  on  an  alkalin  medium  and  in 
the  dark.  Von  Ermengem"  obtained  his  best  toxin  by  growing  the 
organisms  on  a  beef  infusion  broth  to  which  he  added  1  per  cent 

*«  Dickson,  Monograph  of  the  Rock  la'rt.,  No.  8,  July  31,  1918,  (lo).  Jour,  of 
the  A.  M..\..  as,  1915,492. 

**  Von  Ermengem,  quoted  from  KoUe  and  Waasennann.  Second  Edition. 
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sodium  chloride,  1  per  cent  pepton  and  2  per  cent  grluoofle.  Leuchs** 
used  a  pork  infusion  with  0.5  per  cent  sodium  chlorid,  1  i>er  cent 
glucose  and  1  per  cent  peptou.  Landmann^'  claimed  that  animal 
protein  was  necessary  for  good  toxin  production.  According  to 
Dickson  this  is  not  essentiaL  He  has  produced  toxin  in  media 
made  from  string  beans  and  from  peas,  and  found  that,  altliough 
an  alkalin  reaction  is  favornblc,  an  acid  reaction  does  not  prevent 
toxin  formation-  According  to  Burke**  toxin  is  produced  as  readily 
at  37.5*  as  it  is  at  28°  ('.  The  toxin  is  destroyed  at  temprralurca 
of  about  aO°.  Thorn.  Edmonson  and  GiJtner*"  claim  thai  their 
toxin  was  destroyed  by  ten  minutes'  heatinj?  at  75*  C.  Von  Krrmn- 
gem's  original  report  was  that  heating  at  56°  for  three  hours  killed 
itr  as  does  heating  at  80^*  for  one-half  hour.  According  to  Dickson, 
it  is  rapidly  destroyed  by  exposure  to  siinlipht  and  to  air.  bat  w\\\ 
maintain  its  virulence  for  six  mouths  if  k^pt  in  the  dark  as  it  would 
be  in  preserved  foods.  It  is  not  affected  by  dr>-ing  and  is  insoluble 
in  alcohol,  ether  and  chloroform.  Normal  soda.  20  per  cent  by 
volume,  is  stated  by  Dickson  to  destroy  it,  though  similar  amounts 
of  acid  do  not  reduce  its  virulence  in  twenty-four  hours. 

Its  potency  is  considerable.  Dickson  produced  his  strongest 
»xin  in  pork  and  beef  infusions,  but  also  obtained  potent  prepara* 
ions  in  media  of  string  IwaiLs.,  pfflHi  g"^"  pom,  sind  less  virulpnt 
[toxin  in  media  prepared  from  asparago-s  flrtiphnkpa  pPA^hp«.  and 
apricots.  Brieger  and  Kempner"  obtained  a  toxin  of  which  0.000,001 
of  a  c.c.  would  kill  a  250-gram  guinea-pig  in  four  days,  and  (we 
quote  from  Dickson),  Von  Ermcngem  found  in  one  of  his  outbreaks 
that  200  grams  of  the  poisonous  ham  caused  the  death  of  one  patient. 
He  quotes  another  case  in  which  a  piece  of  preserved  duck  the  size 
of  a  walnut  was  sufficient  to  cause  a  disease  lasting  six  weeks,  and 
in  his  own  series,  a  patient  died  after  tasting  a  small  spoonful  of 
spoiled  com,  another  died  after  **nibbling  a  portion  of  a  pod 
of  the  spoiled  string  beans.'*  A  third  was  quite  ill  after  tasting, 
but  not  swallowing  a  pod  of  beans.  An  important  point  is  the  claim 
that  has  been  made  by  Von  Ermengem  and  others  that  the  organism 
will  not  produce  toxin  in  the  tissues.    Injection  of  the  bacilli  alone 


•Leuck*,  Zdt.  f.  Hyg.,  1«10.  6o,  55 

*  Landmann,  cited  from  Diduon,  loc.  cit, 
•Bvrke,  Jour.  Bacter.,  4.  1919.  555. 

•  T*<wn.  Edmonmm  uu\  GiUner,  Jour.  A.  M.  A.    Vol  73.  1919,  page  901. 
^Bruger  and  Kemjmtr,  Deut.  med.  Woch^  23,  1S97.  521. 
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into  suitable  aiuniiLls  produces  no  botulismus,  and  intravenous  injec- 
tion or  fcodin^  ot  the  liai-illi  aloiic,  may  not  produce  symptorus. 
Tlic  coiiulusiuu  drawn  by  Von  Krniengcm  was  that  tlie  toxiu  could 
not  be  pruducod  in  the  bodies  of  manunala. 

The  toxin  is  patent  for  monkeys,  rabbits,  ^uinea-pijfs,  eals,  and 
various  birda.  Dickbon  £uund  ehickcns  hii^hly  Himeeptible,  and  alao 
found  that  dogs  were  not  as  resistant  as  foiinerly  thouKbt  to  be. 
The  mofit  susceptible  animals  seem  to  l>o  niiec,  guinea-i)igs  and 
monkeys;  rabbits,  eat^^  do^s  and  rats  are  relatively  resistant. 

In  studying  various  isolations  of  tlie  Baeillus,  Dickson  found  that 
the  strains  isolated  by  him  wore  not  entirely  homologous,  and  that 
the  toxins  produced  by  some  of  them  were  not  neutralized  by  the 
antit»»xin  produced  with  others.  Burko  also  found  two  types  that 
produced  heterologous  toxin  and  claims  that  the  strains  could  be  easily 
identified  by  a  toxin-antitoxin  teat. 

Pathology, — In  animals,  according  to  Von  Ermengcm  there  is  a 
jneral  hypereuiia  of  llic  organs  «nd  cspwially  of  iho  nervous 
em.  IMckson  has  made  a  thorough  review  of  the  pathological 
work  done  by  Von  Ermcngera,  Vandcr  Stricht,"  Marinesco''*  and 
others,'**  summarizing  the  pathology  as  follows:  in  the  central 
nervous  system  the  rfieningON  ^t  the  base  of  the  br-ain.  csDceiallv 
ground  the  pons  and  the  metlulhi,  are  usually  more  inarUedly  ettn- 
gestcd  than  at  the  cortex,  and  there  may  be  hemorrhage  in  the 
w  ■  '     '■  n>e  cord  and  at  th<-  hngf  f»f  «K*.  Kfnii^^  The  lungs  may 

li       ,  .  .  lu-art  rnuHcles  flabby,  but  nothing  characteristic.     An 

important  and  regular  lesion  found  by  Ophuls**^  was  multiple  throm- 
bosis in  Imth  llie  arteries  and  veins  of  the  central  nervous  syKtem. 
Ophuls  believes  this  is  due  to  n  certain  vn.sodihitiou  wilh  slowing 
of  the  bloo<i  stream  duo  to  a  powerful  paralyzing  effect  of  the  poison 
on  the  unstripcd  muscles.  The  thi-omboses  are  particularly  common 
at  the  base  of  the  bruin.  Ophuls.  loo,  dilTcrs  from  others  in  believing 
that  the  specific,  action  of  the  tOKin  on  the  nerve  cells  themselves 
has  been  very  much  exaggerated  in  that  his  histological  examina- 
tions of  tlu'  brainn  of  fatal  cases  did  not  bear  out  this  curlier  opinion. 

Transmission  and  Occurrence  of  Botulismui. — Kcmpncr  and  Pol* 


^Strichtt  Quoted  from  Van  ErmenKcm.  in  Koltennd  Wamcrmaun, 
"  Jtfannflwo,  Compt,  renti   dc  rariid.  di*  &t\..  Nov  ,  1.S96. 
•'/Crmp/ier  Uud  Pollock,  Dent.  med.  Wwh.,  xxxii.  1897 
^OphxU*,  with  Wilbur.  Arch.  lal.  Med,  14.  1914,  689. 
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laok^*  in  1897  isolated  B.  botuliHinus  from  the  intostines  of  n  normal 
hog,  but  Dickson  was  unable  to  (ind  the  organism  in  the  intestinal 
canals  of  250  jjrrain-tVd  hojrs  in  tlio  slaughter  houses  of  Snn  Fran- 
cisco. He  also  collected  soil  from  gardens,  but  in  a  considerable 
scries  of  specimens  did  not  find  organisms.  Burke**  examintni  ma- 
terials from  many  different  localities  in  California  where  a  num- 
ber of  epidemics  had  occm-rcd,  cultivating  from  large  varieties  of 
substances,  such  as  water,  hay,  vegetables,  fruits,  manure  from 
hoi*so8.  hogs,  eliiekens,  etc.  8he  obtained  seven  cultures  of  the  B. 
botulinus  from  the  following  sources:  Moldy  cherries,  leaves  touched 
with  drnppinfj;s  of  insects,  sprouts  from  bush-bean  plants,  manured 
busb  beans,  manure  from  a  hog,  and  moldy  hay.  These,  and  other 
investigations  seem  to  indicate  that  the  B.  of  Imtulismus  is  quite 
common  in  nature,  and  may  be  present  in  the  intestines  of  domestic 
animals,  such  as  hogs.  It  nmy  possibly  be  disseminated  by  insects, 
and  may  often  be  present  on  vegetables  and  fruits  at  the  time  that 
they  are  picked  for  canning. 

The  outbreaks  first  reported  were  largely  due  to  meat  and  it  is 
interesting  to  note  that  Van  Ermcngem's  first  isolations  were  from 
pickled  meat,  thus  showing  that  ordinary  salting  or  brine  preserva- 
tion does  not  kill  the  botulinus  spores.  The  epidemics  that  have 
occurred  arc  summarized  in  a  monograph  of  Mayer,"  and  more 
recently  in  an  admirable  study  of  the  disease  by  Dickson,  published 
in  a  Monograph  of  the  Rockefeller  Institute."  and  carried  out  at 
the  Stanford  University  Palhologieal  Ijaboratory.  At  the  time  of 
Mayer's  publication  (in  1913 j,  800  lOuropean  cases  had  been 
obscT'vcd  since  1882.  200  of  which  had  been  fatal.  Meat  in  general, 
or  animal  food  had  been  the  source  of  the  disease;  and  the  generally 
prevalent  idea  at  that  tinje  was  that  meat  was  the  chief  source  of 
danger.  During  recent  years,  however,  the  studies  of  Dickson  and 
others  have  shown  that  vegetable  foods,  especially  canned  vegetables 
were  equally  as  dangerous.  Of  sixty-four  eases  eolleeted  by  Dickson 
for  the  United  States  during  the  past  twenty-five  years,  tifty-four 
occurred  in  ('alifornia.  Wilbur  and  Ophuls"  reported  an  outbreak 
in   1914  due  to  the  eating  of  canned  beans.     Since  that   time,  a 


M  KcmjmfT  and  Pollack,  Deut.  med.  Woch.,  23.  1897,  fi06. 

"  Burhe,  Jour,  Bactor.,  4,  1919.  541. 

**  May^,  Dcut.  Vrt'.s(!hr.  off.  fi?iidht«pflg..  3.^  1013.  S. 

"'  Dickson,  MoiioRraph  of  the  Kock.  IiiBt..  No.  8,  July  31.  1918. 

"  Wihur  and  Ophula,  Aroh.  Int.  Med.,  14,  1914.  589. 
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number  of  other  cases  have  occurred  in  California  and  the  rest  of 
the  United  Slates,  many  of  wliich  have  been  studied  by  Dickson 
and  his  associates,  most  of  them  onginating  from  canned  com  and 
string  beans.  Thorn,  Edmonson  and  Giltner,  reported  an  outbreak 
occurred  in  1919,  traceable  to  canned  asparagus. 

Armstrong***  carefully  studied  an  outbreak  in  1919  which  was 
traced  to  ripe  olives.  It  is  impossible  in  this  space  to  do  justice 
to  the  large  and  valuable  botulismus  literature  which  has  developed 
during  the  last  few  years,  since  the  studies  of  Dickson  and  others 
have  rtnewed  the  interest  of  laboratory  Avorkers  in  the  disease. 
The  mortality  of  the  disease  has  l)een  high,  and  for  the  United  States 
generally,  as  stated  by  Dickson,  it  has  been  over  64  per  cent. 

Attention  has  also  be<'n  recently  called  to  the  relationship  of 
botulLsmiis  in  man  to  the  disease  called  Limber  neck  in  chickens. 
In  Hillsboro,  Oregon,  Dickson  states'^**  that  fifty  chickens  came  down 
after  eating  home-canned  corn  which  had  caused  the  death  of  a 
woman  who  tasted  it.  In  Hornbrook,  California,  between  fifty  and 
one  hundred  cliickens  became  paralyzed  and  died  at  the  same  time 
as  the  woman  who  cared  for  them  died  of  *' bulbar  paralysis/*  In 
the  San  Jose  district,  eight  chickens  died  after  eating  home-canned 
string  beans  which  had  caused  the  death  of  a  woman;  and  seven 
chickens  died  in  Fallbrook,  California,  after  eating  home-canned 
apricots  which  ha<}  killed  five  people.  Dickson  obtained  the  carca.sses 
of  sonio  of  the  chickens  of  the  San  Jose  and  Hillsboro  outbreaks. 
and  from  the  gizzard  of  one  of  those  which  had  eaten  the  canned 
corn  and  from  the  crop  of  three  which  had  eaten  canned  beans,  he 
obtained  H.  liotulinus.  He  also  succeeded  in  producing  symptoms 
by  feeding  chickens  with  the  infected  material  obtained  in  tliis  way. 
He  described  the  symptoms  as  follows:  The  chickens  refuse  to  eat, 
remaining  quiet,  and  gradually  develop  weakness  of  the  neck,  wings 
and  legs,  finally  drooping  completely.  In  the  experimental  cases 
death  occurred  within  twenty-four  hours  after  feeding.  This,  apart 
from  its  diagnostic  value  and  experimental  importance,  may  have 
considerable  bearing  on  epidemiological  studies;  and  limber  neck  in 
chickens  should  always  be  inquired  into  when  human  eases  are 
observed  or  suspected. 

Clinical  Maiufestations  of  Botulismus. — Hotulismus  is  character- 
istic  in   its  clinical   manifestations  and   should   not   present   great 


*»  Armairong,  Pub.  Health  Reports,  1919.  54,  Dooember. 
**  Dickson,  Joiir.  Amnr.  Vet.  Assoc.,  Juiuarv.  1917, 
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diagnostic  diffi<'iiltics,  oner  the  dLsoaso  is  suspi-cted.  Since  the  toxin 
Is  preformed  bd'ore  ingestion,  the  sj'mptoms  are  not  long  in  follow- 
ing the  oating  of  infected  food,  coming  on  usually  within  twenty-four 
hours  or  less.  Delays  of  two  or  tliree  days,  liowevcr,  may  occur, 
and  should  not  throw  out  possible  positive  diagnosis.  Xhe^  earliest 
symptoms  usually  consist  in  a  general  weakness  and  lassitude,  with 
J'atitfne  and  some  headache.     C'lmraetemtie  is  the  frequent  lack  of 


any  s^Tiiptoms  pointing  to  the  past roint est jhhI  fnnnl  Constipation 
is  the  nile.  Vcrv  early  in  the  disease,  disturbances  of  vision  mnv 
occur  which  are  due  to  impairment  of  the  mtiscles  of  the  eye-ball. 
There  is,  particularly,  involvement  of  the  third  cranial  nerve,  with 
blepharoptosis,  mydriasis,  impaired  light  reflex  and  diplopia.  There 
may  be  photophobia.  For  a  detailed  discussion  of  the  symptoma- 
tology, the  reader  is  referred  to  the  Monograph  of  Dickson.*'  Im- 
pairment of  the  pharyngeal  muscles  may  produce  difficulties  in 
swallowing  with  inability  to  chew,  and  sluggishness  of  the  tongue 
^vith  thickness  of  speech.  Absence  of  temperature  is  an  important 
feature,  and  in  the  early  stages  there  is  usually  no  fever  and  no 
change  in  the  heart  rate.  Fatal  cases  usually  end  in  death  within 
three  to  seven  days,  due  either  to  cardiac  failure  or  terminal 
aHi)hyxia.  In  discussing  the  dilTerential  diagnosis.  Dickson  mentions 
pai-tieularly.  poliomyelitis,  cerebrospinal  syphilis,  early  stages  of 
bulbar  purulysis.  belladonna  poisoning  niid  methyl  alcohol  poisoning. 
The  last  must  be  particularly  thought  of  during  the  present  period 
of  drought. 

Specific  Therapy. — Potent  antitoxins  may  he  produced  by  the 
treatment  of  susceptible  animals  with  toxin.  Kempner*^^  in  1897 
was  the  first  to  experiment  on  this  extensively,  using  the  Von 
Ermengem  strain,  and  producing  antitoxin  in  goats.  The  immuniza- 
tion of  small  laboratory  animals  is  comparatively  difficult,  unless 
minute  doses  and  attenuated  toxin  is  used.  The  chief  studies  on 
these  phases  of  the  problem  have  been  made  by  Forssman  and 
Lunstrom"^  and  by  Lcuchs."*  More  recently,  Dickson  and  Howitf* 
have  produced  potent  antitoxins  in  goats,  though  their  products, 
they  state,  were  not  as  powerful  as  those  reported  by  Kempner  and 


•*  Dickson,  MonoRmph  of  the  Rock.  Inst.,  No.  8,  July  31,  1918. 
"  Kempner,  Zeit.  f.  Hyg.,  26,  1897,  481. 

"  Forssfwrn  and  Lmhutntm,  Ann.  de  rin«t.  Past.,  16,  1902,  294. 
••  l^tu-hn,  Kollr  and  \Va«u>rmann  Handh  ,  8e«ind  Edition,  4,  939. 
» IHckmn  and  HomH.  Joiir.  A.  M.  A.,  74,  1910,  718. 
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some  other  obscrvei*s.  It  is  very  important  to  note  that  in  these 
experiments  antitoxin  produeed  against  one  series  o£  strains  had 
no  appreciable  effects  upon  tlie  toxins  of  three  otJier  strains.  This 
brings  out  the  great  importance  of  producing  curative  sera  by  the 
use  of  toxins  from  a  number  of  different  strains.  According  to 
Dickson,  there  are  at  least  two  types  which  must  be  used.  As  to 
the  therapeutic  value,  reports  have  been  confusing.  Dickson  advises 
intravenous  mjeetion  and  states  that  his  procedure  would  be  as 
follows:  The  usually  precautions  for  the  administration  of  horse 
serura  should  be  observed,  and  the  patient  tested  for  skin  sensitive- 
ness. If  no  such  sensitiveness  is  found,  tlie  serum  should  bo  injected 
immediately  into  a  vein  at  the  rate  of  not  more  than  1  c.c.  a  minute. 
Comparatively  large  doses  should  be  given,  since  the  amount  of 
toxin  ingested  may  bo  quite  large. 

Prevention  of  BotnlismuB.^Deduchig  preventive  measures  from 
the  facts  cited  in  the  above  paragrapiis.  it  would  seem  that,  in  the 
first  place,  all  people  in  the  habit  of  preparing  canned  food  should 
be  thoroughly  alive  to  the  possibilities  of  conlarainatjon  and  know 
that  R  botulinuB  spores  may  be  present  on  fruit,  vegetables,  etc., 
before  they  are  preserved.  It  should  be  well  understood  that  food 
may  be  contaminated  with  botulinus,  without  being  changed  in 
any  w^ay  in  its  gross  appearance,  and  that  not  even  the  slightest 
rancid  odor  which  sometimes  indicates  its  presence,  need  be  apparent. 
The  sterilization  of  canned  food,  sausages,  preserved  meat,  etc.. 
should  be  thoroughly  attended  to  and  no  home-canned  preparations 
be  eaten  under  any  circumstances  unless  cooked  before  eating. 
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CHAPTER   XXXMI 

THE  ANAEROBIC  BACILLI  (tonfumrd) 

THE  ANAEROBIC  ORGANISMS  ASSOCIATED  WITH  TRAU 
MATIC  INJURIES.  WITH  A  CONSIDERATION  OF  THEIR 
IMPORTANCE  IN  WAR  SURGERY,  =  ALSO  BACILLUS  OF 
SYMPTOMATIC  ANTHRAX 

The  anaerobit!  l)ac'illi  which  iiifeot  wounds  have  been  studied 
extensively  during  the  last  war,  and  the  literature  which  has  ap- 
peared on  this  subject  since  1914,  is  voluminous.  Unfortunately 
much  that  has  been  written  is  inaccurate,  due  to  the  fact  that  in 
many  instances  the  work  was  carried  on  in  poorly  equipped  labora- 
tories and  under  diifieulties.  The  two  most  important  sources  of 
confusion  in  this  field  are:  the  nomenclature  and  the  impurity  of 
cultures.  During  the  war  many  previously  deseribed  bacilli  were 
I'edisoovered  and  given  new  names,  and  the  literature  is  full  of 
papers  claiming  or  disclaiming  that  certain  organisms  isolated  from 
wounds  are  identical  with  organisms  deseribed  by  earlier  workers. 
Even  such  a  well-known  species  as  B.  Welchii  appears  in  the  litera- 
ture under  four  names. 

It  is  now  generally  considered  tliat  in  all  probability  most  of 
the  early  descriptions  of  anaerobic  bacilli  cannot  be  relied  upon, 
because  of  the  extreme  difficulty  of  isolating  the  anaerobes  in  pure 
culture.  Many  investigators  even  duri:ig  the  first  year  of  the  war 
were  descrihing  a  mixture  of  two  or  more  anaerobes  when  they 
thought  they  were  dealing  with  a  pure  culture.  It  was  not  until 
the  development  of  the  newer  anaerobic  methods*  which  made  sur- 
face growths  feasible  that  the  purity  of  anaerobic  cultures  could 
be  relied  upon.  It  is  only  by  repeated  plating  of  these  anaerobic 
spore-bearing  bacilli,  as  emphasized  repeatedly  by  English  workers, 
that  pure  cultures  can  be  obtained.  The  French  workers  have 
adhered  for  the  most  part  to  the  older  method  of  Veillon  wliieh 
consists  of  making  varying  dilutions  cf  the  material  to  be  examinr d 

*  For  the  thorough  revision  of  thi^  i^roup  of  orfcanisms  we  are  indebted  to  Miss 
Ann  Kuttner,  Instrurtor  in  this  Ijahomt'irv,  Zinsser. 
'  MacIrUo^h  and  Fiidea,  Uncct,  1,  1916,  768,  April  8th. 
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in  deep  agar  shake  tubes  until  isolated  colonics  are  obtained.  The 
tube  is  then  filed  through  at  the  level  of  the  colony  and  the  isolated 
colony  can  be  fished.  This  is  a  laborious  method  and  is  unreliable. 
Barber*  has  developed  a  technique  whereby  he  can  isolate  a  single 
bacillus  and  has  applied  this  method  to  the  problem  of  the  purifica- 
tion of  the  anaerobic  bacilli. 

The  source  of  anaerobic  bacilli  in  war  wounds  can  always  be 
traced  to  the  contamination  of  the  wound  either  directly  or  in- 
directly with  fecally  contaminated  soil.  Most  of  the  anaerobic 
bacilli  have  been  shown  to  be  normal  inhabitants  of  the  intestinal 
tract  of  man  or  animals,  and  are  present  in  great  numbers  in 
cultivated  ground.  During  the  war  the  incidence  of  anaerobic 
bacilli  in  wounds  and  their  relation  to.  the  development  of  gas 
gangrene  was  studied  in  detail. 

In  civilian  practice  gas  gangrene  is  generally  attributed  to  the 
presence  of  B.  Welchii.  In  war  wounds,  however,  it  was  found 
that  although  B.  Welchii  was  isolated  from  the  majority  of  the 
eases  of  gas  gangrene,  it  practically  never  occurred  in  pure  culture, 
and  was  usually  associated,  besides  aerobes,  with  other  anaerobic 
bacilli  which  in  many  instances  proved  to  be  more  pathogenic  than 
B.  'Welchii.  The  separation  and  identification  of  these  anaerobic 
bacilli,  and  the  development  of  methods  for  the  control  of  such 
infections  were  among  the  most  important  problems  of  bacteriologists 
during  the  war. 

In  this  book  only  the  most  important  and  frequently  occurring 
anaerobic  bacilli  will  be  discussed.  The  reader  is  referred  for  more 
detailed  description  to  the  book  of  Weinberg  and  Seguin  "La 
Gangrene  Gazeuse,*'  and  to  the  Report  of  the  British  Medical 
Research  Committee.  The  anaerobic  bacilli  found  in  war  wounds 
can  be  divided  into  two  general  groups,  as  first  suggested  by  Von 
Hibler*  in  his  book  on  Anaerobes,  jmblished  in  1908 :  the  sacchrolytic 
and  the  proteolytic. 

The  saccharolytic  group  includes  as  its  most  important  members: 
B.  Welchii 
Vibrion  Septique 
B.  Oedematiens 
B.  Fallax 

» Barber,  Jour.  Exper.  Med.,  32,  1920,  295. 

*  Von  Hibler,  '*  Untersuchungen  fiber  die  pathog.  ancerob.,"  Jena,  1908. 
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The  proteolytic  group  includes: 

B.  sporogcnes 
B.  histolyticus 
B.  putrificus 

This  classification,  like  most  others,  is  not  a  rigid  one.  It  merely 
.means  that  members  of  the  saccharolytic  group  have  a  much  greater 
avidity  for  carbohydrates  than  have  members  of  the  proteolytic 
group. 

It  may  be  possible  to  demonstiate  proteolytic  activity  of  the 
organisms  included  in  the  saccharolytic  group  on  special  media  from 
which  all  carbohydrate  has  been  removed,  but  on  the  ordinary 
culture  media  the  difference  between  the  two  groups  is  striking. 

Members  of  the  proteolytic  group  can  be  distinguished  from 
the  saccharolytic  group  by  the  fact  that  they  liquefy  coagulated 
horse  scrum.  Organisms  of  the  saccharolytic  group  fail  to  liquefy 
this  medium  even  after  prolonged  incubation.  In  milk  the  saccharo- 
lytic bacilli  produce  acid  and  varying  amounts  of  gas.  The  pro- 
teolytic bacilli  digest  milk  with  the  production  of  alkali. 

The  organisms  of  the  proteolytic  group  are  not  in  themselves 
pathogenic,  but  complicate  wotmds  by  their  intense  proteolytic 
action.  They  are  saprophytes,  they  have  no  power  of  invading  the 
tissues  and  if  present  without  members  of  the  saccharolytic  group 
usually  do  not  interfere  with  the  healing  of  the  woiuid. 

Whether  the  organisms  of  the  saccharolytic  group  are  sapro- 
phytes or  not,  is  an  open  question.  De  Kruif^  concludes  that  B. 
Welchii  cannot  be  classified  as  a  pure  saprophyte,  because  a  twice 
washed  bacillary  emulsion  in  doses  of  0.1  c.c.  to  1  c.e.  will  kill 
a  guinea  pig.  But  in  this  case  even  the  most  careful  intramuscular 
injection  will  kill  some  of  the  tissue  at  the  point  of  inoculation, 
and  with  even  a  very  small  amount  of  dead  tissue,  B.  Welchii  can 
produce  a  toxin  which  has  tremendous  aggressive  action  and  has 
the  property  of  killing  the  tissue  with  which  it  comes  in  contact. 
This  makes  possible  the  further  invasion  of  B.  Welchii. 

B.  Welchii. — B.  Welchii  is  the  organism  most  frequently  found 
in  gas  gangrene.  It  was  present  in  about  72  to  80  per  cent  of  the 
cases  of  gas  gangrene  studied  during  the  war,  and  has  been  con- 
sistently associated  with  civilian  cases  of  gas  gangrene.  It  is  gener- 
ally considered  the  most  important  etiological  factor  in  this  disease. 

»  De  Kruif,  Jour.  Infec.  Dis.,  21,  1917,  No.  6. 
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Ott  tiM  Other  hand,  it  must  also  be  stated  that  B.  Welchii  was  fre- 
qUCttUy  ptTsent  iu  wounds  which  never  developed  gangrene.  Taylor 
reports  that  B.  Welchii  was  found  in  80  per  cent  of  all  wounds 
examiitod  and  that  only  10  per  cent  of  these  developed  gas  gangrene. 
Th**  dovclopment  of  gas  gangrene  depends  on  the  virulenee  of  the 
strain  of  B.  Welchii,  the  amount  of  dead  tissue  present,  and  the 
anaerobic  conditions  in  the  wound.  In  war  wounds  H.  Welchii  was 
practically  never  present  in  pure  culture.  It  was  usually  associated 
with  arrobcs  and  with  other  anaerobes  of  t^e  saecharolytic  and 
the  proteolytic  type. 

H.  Welchii  was  discovered  independently  in  three  countries.  It 
wa«  rti-«t  discovered  hy  Welch  and  Nuttall"  in  1H92,  and  called  by 
them  Hacittitu  atrogencs  capaulatus,  a  name  still  used  by  the  majority 
of  English  writers.  In  this  country  this  organism  is  usually  called 
B.  Wekhiu  Welch  isolated  it  from  the  blood  and  organs  of  a  cadaver 
de«d  eight  hours.  In  189:?  Fraenkel'  isolated  a  similar  organism  in 
Oennany  from  several  eases  of  gaseous  j)hlegmons,  calling  it  B.  Phleg- 
monU  enrphf/srmatosaCf  but  soon  recognized  that  he  was  working  with 
the  sanie  bacillus  pre\nously  described  by  M'^eleh.  However,  thLs 
organism  is  still  referred  to  as  the  Fraenkel  bacillus  in  Cierman  litera- 
ture. In  1K07,  without  having  heard  either  of  Welch's  or  Fraenkel 's 
work,  this  organism  was  again  described  by  Yeilon  and  Zuber*  in 
France  and  enlled  by  them  B.  perfringens.  B.  Welchii,  Bacillus 
n"ro;jenes  eapsulatus,  Fraenkel  bacillus,  B.  perfringens  are  all  immes 
for  the  same  organism. 

B.  Welchii  is  a  short,  square  Gram-positive  bacillus,  occurring 
singly  or  in  pairs.  Chains  arc  not  formed  as  a  rule.  It  is  non-motile 
and  has  a  capsule.  It  grows  best  under  strictly  anaerobic  condi- 
tions, but  its  requirements  for  anacrobiosis  are  less  rigid  than  those 
of  tetan\iR,  It  grows  well  in  media  containing  tissue  such  as  cooked 
meat  medium  after  simple  boiling.  With  milk  l>oiling  is  not  always 
sufficient  to  obtain  good  growth,  and  it  is  best  to  put  milk  tubes 
In  anaerobic  jars.  The  majority  of  strains  do  not  form  spores 
reatlily.  Alkaline  sugar-free  media  rich  in  protein,  such  as  alkaline 
egg.  are  necessary  to  demonstrate  spore  formation  with  the  majority 
of  strains.     The  spore  of  B.  Welchii  is  large,  oval,  and  central  or 


— 1 -^ 

•  W§Uh  and  \hUoJI,  Bull.  Johns  Hopkins  Hosp ,  3,  1892,  Al. 
^Pwiter,  Cint   f.  Bakl,  Bd.  n,  ISO.'l,  13. 

•  Vmllon  and  Zubtrr,  Arch  de  Med.  Exper  ,  10,  1898.  filT. 
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subtciininnl.  B.  Wolchii  is  the  most  active  fcrraonter  in  the  sac- 
charolytic  group.  It  ferments  ail  the  common  sugai*s  with  the  pi'o- 
duetiou  of  lar^e  umoimts  of  gas.  Lactic  and  butyric  are  the  two 
acids  most  frequently  formed,  the  latter  often  giving:  cultures  of 
B,  Wclehii  a  characteristic  odor.  Glucose  agar  is  sometimes  frag- 
mented to  such  an  extent  that  the  plug  is  blowni  off  the  tube. 
Simonds"  has  been  able  to  divide  the  B.  Welchii  group  into  sub- 
divisions depending  on  the  ability  to  ferment  either  glycerine  or 
inulin,  or  both,  or  neither,  and  this  classification  has  been  confirmed 
by  Henry.*°  In  wounds,  H.  Welchii  ferments  the  muscle  sugar 
producing  gas  in  the  tissues  and  for  this  reason  is  commonly  called 
the  '*gas"  bacillus.  The  crepitation  thus  produced  is  charaeteristic 
of  gas  gangrene  and  indicates  the  extent  of  the  infection.  The  rapid 
fermentation  of  the  lactose  in  milk  gives  a  characteristic  reaction 
in  this  medium  which  is  diagnostic  for  B.  Welchii.  The  acid  clot 
torn  by  gas  bubbles  and  the  separation  of  the  milk  into  coagulum 
and  whey  is  easily  recognized  and  is  not  given  by  other  anaerobes. 
The  inoculation  of  a  nuxed  culture  from  a  wound  into  milk  makes 
possible  the  diagnosis  of  B.  W^clelui  within  twelve  to  eighteen  hours. 

Opinions  as  to  the  ability  of  B.  Welchii  to  liquefy  gelatin  vary 
greatly.  B.  Welchii  does  not  grow  well  on  sugar-free  gelatin  and 
it  is,  therefore,  difHcult  to  draw  conclusions  as  to  its  action  on 
gelatin.  B.  Welchii  as  pointed  out  by  Rettger  in  1906/'  never 
attacks  proteins  if  carbohydrates  arc  present  and  even  in  the  absence 
of  carbohydrate  shows  only  a  very  slight  proteolytic  activity.  No 
indol  is  formed  from  broth,  and  coagulated  serum  is  not  liquefied 
or  blackened. 

The  hemolytic  power  and  pathogenicity  of  different  strains  of 
B.  Welchii  vary  greatly.  B.  Wclehii  is  particularly  pathogenic  for 
guinea-pigs  and  pigeons,  the  latter  being  used  in  the  standardization 
of  B.  Wclehii  toxin.  B.  Welchii  in  fatal  cases  usually  invades  the 
blood  stream  shortly  before  death,  and  can  usually  be  isolated  from 
the  blond  after  death.  Spores  are  never  formed  in  the  animal  body. 
Kabbits  and  mice  arc  much  less  susceptible.  Agglutinin  production 
in  response  to  injections  of  B.  Welchii  in  rabbits  and  horses  is 
extremely  poor.  Simonds  obtained  a  serum  in  rabbits  which  agglu- 
tinated the  homologous  strain  in  a  dilution  of  1-80.     Ten  strains 


*  Simonds,  Mon.  Rock.  Inst.,  No.  5,  1915. 

^^  Henry,  Jour   Pathol   and  Bacter.,  21,  1917.  344. 

»  RnUger,  Jour.  Biol.  Chem.,  It,  1906,  71. 
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ol  R  "Welchii  failed  to  agglutiwate  with  tliis  serum,  and  ten  others 
■fltlllliutrd  only  iu  a  dilution  of  l'-20.  The  agglutination  reaction 
for  Ik*  kleuti&cation  of  anaerolKS  has  so  far  proved  luisatisfactury. 
TotxiN  PiftODVCriON. — Klosc  in  1916"*  reported  the  isolation  of  a 
toxin  from  B.  Welehii  prepared  l>y  growing  H.  Welehii  f(»r  fourteen 
days  iu  a  5  per  cent  glucose  broth.  The  antitoxin  produced  by 
uo^tions  of  thb  toxin  only  protected  guinea-pigs  against  three 
lethal  doKca  of  B.  Welehii  cultures.  The  antigenic  properties  of  this 
toxin  were  loo  fwbh*  to  consider  it  a  true  toxin.  The  most  important 
eoiUribution  to  the  bacteriology  of  B.  AVelehii  was  made  in  1917 
by  Bull  and  Pritehetl**  wlio  were  able  to  prepare  a  soluble  toxin 
which,  when  injivled  into  a  suitable  animal,  produced  a  potent 
antitoxin  poii^vAsing  protective  and  curative  properties  against  B. 
Welehii  infectious,  in  nninials.  One  c.e.  of  antitoxin  per  UM)  grams 
1hhI>'  weight  Injwt^Hl  sul>culaneously  protected  guinea-pigs  against 
3t>0  lethal  do^es  of  culture.**  The  production  of  a  powerful  toxin 
(0.3  c.v.  tu  3  o.c.  btfing  the  M.  L.  D.  for  a  pigeon  of  3iXk  gr.  injected 
Ititraiavwcularly)  depended  on  the  virulence  of  strain,  a  short  in- 
euluklion  peninU  twenty-one  to  twenty-four  hours,  and  the  presence 
uf  frt^i  mujtt^le  and  glucose  in  the  broth.  Bull  and  Pritchctt  found 
no  varUithnw  in  the  ability  of  different  strains  of  B.  Welehii,  irre- 
«|H*etive  of  the  wuiixm'  uf  the  culture,  to  produce  toxin.  The  toxin 
piHuluetiun  of  leas  «etlv<«  straina  could  be  increased  by  raising  the 
virulence  of  the  euUure  by  animal  passage.  Taulfield  in  a  recent 
paper'"  lindH  that  he  doi's  not  gel  good  toxin  production  unless  the 
viruleucr  of  hts  itrain  ia  auch  that  0.02  c.c.  of  supernatant  finid 
of  a  .voutig  lo'otli  culture  will  kill  a  300  gr.  pigeon,  t'aulfield  also 
•n)pba»i/<es  the  impt^rlance  of  fresli  muscle  in  the  culture  medium, 
although  DeKrnif  and  the  Hygienic  Laboratory  in  Washington 
obtained  gooil  resulta  by  sulistituting  chopped  veal  which  can  be 
autoelaveii,  for  the  fresh  musch*  tissue.  The  most  potent  toxins, 
howevvri  seem  to  be  obtained  by  inoculating  the  infected  muscle 
of  a  pigeon  dying  of  a  B,  Welehii  infection  directly  into  the  medium 
to  be  used  for  t(»xin  prtxluctiun,  or.  at  most,  allowing  one  short 
culture  generation  (ten  hours)  to  intervene  between  the  last  animal 
pasMage  an<l  the  inoculation  of  the  broth  for  toxin.     By  preparing 

'*  Khnc,  Munrh  mod.  Worh.,  Bd.  IW,  lOlfi,  723. 
'*HiMaiv\  f^riichvtt,  Jour.  KxT>pr   Mwl.,  26,  1917.  »ti7. 
'»  iiutt  »nd  rntckrtt,  Jour   Kxpor.  Med.,  26,  1917,  Wt7. 
»*  t'a«<</i(*^  Juur  Infoc.  Di« .  27,  1920.  No  2 
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a  toxin  m  this  way,  Bengston  of  Hygienic  Laboratory  has  been  able 
to  prepare  a  B.  Wcluhii  antitoxin  in  which  1  c.c.  of  scmm  contains 
one  unit,  one  unit  neutralizing  1000  M.  L.  D.  of  B.  WelcUii  toxin.^* 

In  lalwratorj'  animals  iiifeuted  witli  pure  cultures  of  B.  Wcleliii, 
the  antitoxin  gives  complete  protection.  Protection  in  laboratory 
animals  is  also  afTorded  by  injections  of  antimicrobial  sera  prepared 
by  injections  of  whole  broth  culture  of  B.  Welchii  by  Weinberg  and 
Seguin,  but  the  antitoxin  content  of  these  sera  has  not  been 
determined. 

Bull  and  Pritchett  in  their  original  paper,  state  that  the  toxin 
produced  by  B.  Welchii  is  comparable  to  the  toxins  produced  by 
Tetanus  and  Diphtheria,  and  judged  by  its  antigenic  properties  it 
must  certainly  be  etasaified  as  a  true  exotoxin.  It  differs  from  the 
classical  toxins  in  that  toxin  prodxictiou  varies  directly  with  the 
virulence  of  the  strain  and  that  it  has  no  definite  incubation  period. 
B.  Welchii  antitoxin  cannot  protect  against  mixed  infections  where 
B,  Welchii  is  associated  with  cither  Vibrion  8cptiquc  or  B.  Ocdema- 
tiena.  In  this  ease  the  animal  always  dies  of  the  Vibrion  Septique 
or  B.  oedematiens  infection.  However,  since  both  these  organisraa 
occur  in  a  smaller  percentage  of  eases  and  have  rarely  been  isolated 
from  civilian  cases  of  gas  gangrene,  B.  Welchii  antitoxin  will  prob- 
ably prove  of  great  value. 

Isolation. — B.  Welchii  is  a  normal  inhabitant  of  the  intestinal 
tract  of  adults  and  may  be  found  in  the  stools  of  infants.  Simonds 
found  B.  Welchii  present  in  eight  out  of  nineteen  stools  of  babies 
under  one  year  of  age.  It  can  be  easily  isolated  from  stools  by 
the  following  procednre:  5  c.c.  of  a  fecal  suspension  in  saline  are 
inoculated  into  a  tube  of  milk  which  has  been  freshly  boiled  a!»d 
cooled.  The  tube  is  heated  at  S0°  far  one  hour  to  kill  off  the 
vegetative  forms  of  the  fecal  flora,  and  is  then  incubated.  The 
development  of  the  ''stormy  fermentation"  described  al)Ove  indi- 
cates the  presence  of  B.  Welchii.  Purification  is  best  completed 
by  plating  anaerobieaily  from  the  milk  culture. 

Animal  inoculation  is  also  useful  in  the  isolation  of  B.  Welchii. 
The  material  suspected  of  containing  B.  Welchii  is  injected  intra* 
venously  into  a  rabbit.  After  five  minutes  the  rabbit  is  killed  and 
placed  in  the  incubator  for  five  to  eight  hours.  At  the  end  of  this 
time,  the  animal  is  usually  distended  with  gas.     At  autopsy  gas 


^*  BengMlon,  Hygienic  lAhoratory  Bulletin,  So.  122,  1920. 
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bubbles  will  be  found  distributed  throughout  the  organs,  especially 
in  the  liver.  B.  Welchii  if  present,  can  usually  be  isolated  from 
the  liver  and  the  heart's  blood.  Cultures  can  also  bo  identified  by 
injecting  them  intramuscularly  into  two  guinea-pigs,  one  normal, 
the  other  protected  by  a  dose  of  B.  Welchii  antitoxin.  If  both 
pigs  die,  and  an  anaerobic  organism  is  isolated  from  the  heart's 
blood,  it  indicates  the  presence  of  some  other  pathogenic  anaerobe, 
not  B.  Welchii.  If  the  normal  pig  dies  with  an  anaerobic,  capsulated, 
non-motile  Gram-positive  bacillus  in  the  heart's  blood,  and  the  anti- 
toxin pig  survives,  it  is  a  fairly  sure  indication  that  the  organism 
in  question  is  B.  Welchii. 

ViBRiON  Septique  (Syuonyms,  Bacillus  of  Ghon  and  Sachs,  and 
Bacillus  III  of  Von  Hibler). — Vibrion  septique  according  to  Wein- 
berg and  Seguin,  occurred  in  12  per  cent  of  the  wounds  examined 
by  them.  Henry  isolated  it  in  16  per  cent  of  his  cases.  Before  the 
war,  cases  of  human  gas  gangrene  due  to  vibrion  septique  alone 
were  very  few  in  number.  Such  cases  were  described  by  Ghon 
and  Sachs,^^  by  Von  Hibler,  Gould,'*  and  by  Muir  and  Ritchie." 
During  the  war,  vibrion  septique  was  usually  associated  with  other 
anaerobes,  notably  B.  Welchii.  Weinberg  and  Seguin  cite  only  one 
case  of  gas  gangrene  in  which  vibrion  septique  was  the  only  anaerobe 
present. 

Vibrion  septique  was  first  described  by  Pasteur***  in  1877  who 
isolated  it  from  the  blood  of  a  cow  dead  three  days,  and  from  the 
blood  of  a  horse  dead  one  day,  both  animals  having  supposedly  died 
of  anthrax.  Pasteur  called  this  organism  a  vibrion,  although  it  is 
in  reality  a  bacillus,  because  it  is  extremely  motile  in  animal  exudates 
and  may  look  slightly  curved  when  in  motion.  In  1881,  Koch*^  in 
studying  the  etiology  of  anthrax,  isolated  an  organism  which  he 
called  the  bacillus  of  malignant  edema.  Koch  considered  his 
organism  identical  with  Pasteur's  vibrion  septique,  although  the 
bacillus  of  malignant  edema  had  marked  proteolytic  properties, 
which  Pasteur  did  not  mention  in  the  description  of  vibrion  septique. 
A  great  amount  of  confusion  has  arisen  out  of  this  controversy 
and  the  literature  is  full  of  papers  discussing  whether  or  not  Pasteur 

"  Ghon  and  Sacks,  Cent.  f.  Bakt.,  I  Abt.  Orig.,  48,  1900,  396. 

"  Gould,  Annals  of  Surgery,  38,  1903,  481. 

**  Muir  and  Ritchief  Manual  of  Bacteriology,  2d  Edit.,  Edinburgh,  1899. 

»  Pasteur  et  Jourhd,  Bull,  de  I'Acad.  Med.,  Scien.,  Vol.  6,  793. 

"  Koch,  Mitt.  a.  d.  k.  Gesundheitsamt.,  1, 1881,  5i. 
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[Hind  Koch  were  working  with  the  same  orgnnisms  and  with  attempts 
fto  identify  organisms  isolated  from  wounds  with  one  or  the  other 
iff  these  hacilli.  The  majority  of  workers  now  consider  that  Pasteur 
%as  working  with  a  strictly  saccharolytic  organism  which  is  idi'utieal 
with  what  we  call  vibrion  septique  at  the  present  time.  The  bacillus 
©f  malignant  edema  of  Koch  is  thought  by  most  investigators  to 
belong  to  the  proteolytic  group  and  is  fairly  definitely  identified  with 
B.  sporogcnes, 

Vibrion  septique  is  a  motile,  slender  Gram-positive  bacillus  with 
slightly  rounded  ends.  It  is  a  striet  anaerobe.  It  forms  spores 
readily  in  most  media.  The  spore  is  oval,  occurring  cither  centrally 
or  Bubtermiually,  and  appears  at  the  end  of  twenty-four  to  forty- 
eight  hours.  It  has  no  capsule.  It  ferments  the  common  sugars 
witli  the  exception  of  saccharose.  It  produces  a  loose  clot  in  milk 
in  one  to  four  days.  Gelatin  is  liquefied,  but  coagulated  scrum  ia 
not  attackeel.  Vibrion  seplifiue  is  hemolytic.  It  is  always  pathogenic 
for  laboratory  animals  and  guinea-pigs,  mice,  pigeons  and  rabbits 
arc  all  susceptible.  It  invades  the  blood  stream  producing  a  sep- 
ticemia. The  occurrence  of  long  filamentous  forms  in  the  livers  of 
guinea-pigs  d.nng  of  a  vibrion  septique  infection  is  characteristic 
and  is  used  in  the  identification  of  vibrion  septique. 

Robertson"  has  recently  dinded  the  vibrion  septique  group  into 
four  serological  tyi^cs.  based  upon  the  agglutination  reaction.  Miss 
Robertson  again  stresses  the  necessity  of  minute  care  in  purifying 
cultures  and  points  out  that  impure  cultures  fail  to  agglutinate. 
It  is  difficult,  however,  to  attaeh  much  importance  to  variations  in 
agglutinin  production  of  different  strains,  since  there  is  no  differ- 
ence in  toxin  production,  and  since  the  antitoxin  produced  by  the 
injection  of  the  toxin  of  Htrains  belonging  to  one  serological  tsrpe 
neutralizes  the  toxins  produced  by  members  of  the  other  types. 
The  agglutination  reaction  in  the  case  of  vibrion  septique  subdivides 
strains  that  agree  in  every  other  respect,  and  may  in  this  instance 
be  regarded  as  ultraspeeific,  as  Miss  Robertson  suggests.  She  was 
able  to  obtain  agglutinating  sera  with  a  titer  of  1-25,000. 

Toxin  Production. — A  powerful  soluhie  toxin  is  produced  by  all 
strains  of  vibrion  septique  and  docs  not  depend  on  the  virulence 
of  the  culture.  According  to  Robertson  as  potent  toxins  are 
produced  by  old  laboratory  strains  of  vibrion  septique  as  by  recently 


^  Robertson,  Jour.  Bacter.  and  Pathol,  1920, 
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isolated  etalturcs.  The  toxin,  like  that  of  B.  Wclchii,  has  no  incuba- 
tion period.  TIio  to^tin  of  vibrion  scptique  often  fails  to  produce 
death  in  guinea  pigs  when  injected  sul>cutaneou8ly  or  intramus- 
cularly, merely  producing:  local  necrosis.  Toxin  production  is  tested 
itli  in  rabbits  and  (^nea  pigs  by  intravenous  injection.    0.5  c.c. 

toxin  injected  intravenously  kills  a  guinea  pig  in  five  minutes. 
Ll  to  1  c.c.  injected  into  rabbits  intravenously  kills  them  without 
a  latent  period,  with  symptoms  of  respiratory  disturbance,  paralysis 
and  convulsions.  It  is  difficult  to  establish  an  M.  L.  D.  for  rabbits 
of  the  same  v/cight  owing  to  individual  variation.  In  some  instances, 
death  is  produced  immediately  in  one  rabbity  whereas  another  rabbit 
of  the  same  weight  will  show  severe  symptoms  followed  by  recovery. 

Method  of  pRonrciNG  Toxiv. — The  Hygienic  Laboratory  obtains 
a  powerful  toxin  using  a  0,2  i>er  cent  glucose  broth  containing  10 
per  cent  horse  serum.  Robertson  recommends  using  liver  of  a  pig 
dying  of  a  vibrion  septiquc  infection  with  which  to  inoculate  the  broth» 
but  the  difficulties  of  obtaining  a  liver  without  gross  eontaminations 
arc  such  that  the  former  method  is  preferable.  The  broth  is  in- 
cubated twenty-four  to  forty-eight  hours.  Care  should  be  taken 
in  the  selection  of  the  filter  since  certain  filters  seem  to  hold  back 
a  large  percentage  of  the  toxin.  This  point  is  emphasized  both  by 
Weinberg  and  Seguin  and  by  Robertson.  Antitoxins  are  prepared 
by  injecting  the  toxin  into  hontes  or  sheep.  The  TVcnch  standard 
requires  that  1/1000  c.c.  of  the  antitoxin  should  neutralize  two  fatal 
doses  of  the  toxin  after  thirty  minutes  incubation  of  the  mixture 
at  room  temperature.  The  vibrion  septique  antitoxin  is  specifio; 
it  does  not  protect  against  B.  oedeniaticns, 

OoctiRRENCE. — Vibrion  septiquc  has  been  isolated  from  milk. 
Ueller"  in  an  excellent  summary  of  anaerobic  infections  in  animals 
lias  shown  that  spontaneous  infections  by  vibrion  scptique  occur 
in  sheep,  horses,  and  hogs.  Meyer**  in  1915  reported  the  isolation 
of  typical  vibrion  septiquc  from  two  oases  of  symptomatie  anthrax 
in  hogs.  Cattle,  according  to  IlcUer,  are  less  susceptible  to  vibrion 
septiquc  infections  than  the  other  animals  mentioned.  Herbivorous 
animals  are  subject  to  infections  with  vibrion  scptique,  both  follow- 
lowing  and  not  following  demonstrable  wounds,  whereas  infections 
in  man  seem  to  occur  only  as  the  result  of  wounds. 


*^HelUr,  Jour.  Infec.  Dib.,  27.  1920,  3S5. 
^M^yer,  Joiir.  Infer.  Difi .  12.  1915.  4.58. 
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Differentiation  of  Vibrion  Septique  and  B.  Cbauvaei  (Bacillus 
of  symptomatic  anthrax,  Blackleg;. — B.  vhauvaei  was  iu  no  itistanee 
'  isolated  from  wound  cultures,  and  has  never  been  known  lo  cause 
an  infection  in  man.    Vibrion  septique.  on  the  other  hand,  frequently 
I  infects  animals  and  a  bacteriological  ditferentiation  between  vibrion 
[septique  and  B.  chauvaei  must  be  made.    These  two  organisms  arc 
I  closely  related  and  very  similar,  and  a  reliable  differentiation  is 
difficult  even  for  a  bacteriologist  familiar  with  anaerobic  bacillL 
Rolx'rtson  distinguishes  between  B.  chauvaei  and  vibrion  septique 
I  by  the  fact  that  the  former  ferment  saccharose  and  not  salicin, 
I  whereas  vibrion  septique  ferments  sniiein  and  not  saccharose.    Long 
I  Bnakc-likc  filaments  are  demonstrable  in  smeai-s  from  the  liver  of 
guinea-pigs  doad   of  \'ibrion  septique  infection ;   these  are  entirely 
■  lacking  in  li.  clmuvaei  infections.     Vibrion  septique  is  more  patho- 
genic for  laboratory  animals  and  produces  more  gas  in  the  tissiK'S 
than  B.  chauvaei.     B.  chauvaei  grows  more  slowly  than  vibrion 
i  septique.     Vibrion  septique  is  Grani-pc»sitive,  whereas  most  inves- 
tigators consider  B.  chauvaei  Gram-negative.    Protection  tests  with 
a  known  vibriun  septique  antitoxin  ought  to  prove  the  most  reliable 
I  "Way  of  identifying  vibrion  septique. 

I       B.  oedematiena. — Weinberg  and  Seguin  claim  to  have  isolated 
I  this  organism  in  34  per  cent  of  the  wounds  examined  by  them.    This 
'•'is  a  higher  proportion  than  that  obtained  by  other  workers.    Heiuy 
found  B.  oedematiens  in  five  out  of  fifty  cases  examined.    B,  oedema- 
,  tiens  was  isolated  in  1915   by  Weinberg  and  Seguin.     In  1916  a 
! 'similar    organism   was    isolated   by   Sacquep6e^    under   the   name 
p^'bacille  de  I'oedeme  gazeuse  malin."     Later  Sacquep^  called  this 
^organism  R.  Bellonensis.     li.  Bellonensia  and  B.  oedematiens  are 
I'now  considered  to  be  the  same  orgaausm  by  the  majority  of  workers. 
[^According  to  Heller,  B.  oedematiens  is  closely  related  to  but  not 
identical  with  a  bacillus  discovered  in  1894  by  Novy  and  called 
by  him  B.   oedematiens  maligin  11."     B.  oedematiens  is  a  strict 
anaerobe.    It  is  a  large  Gram-positive  bacillus,  resembling  anthrax 
in   appearance.     It  is  practically  non-motile.     It  forms  chains  in 
culture   and   often  shows  curved   forms  after  two  or  three   days. 
Filaments  are  not  formed  in  the  animal  body.    It  forma  oval  sub- 
terminal  spores   readily  iu  all  media.     It  ferments  most  of  the 


^Sacquepie,  Ann.  de  Tinst.  Post.,  30,  1916,  76. 
'Noi'i/,  Zeit.  f.  Hyg.,  17.  1894,  209. 


•GO 


PATHOGENIC  MICROORGANLSMS 


common  sugars,"  and  forms  a  looso  (*lot  in  milk  in  three  or  foui 
days.    It  liquefies  gelatin,  but  does  not  attack  coagulated  serum. 

Pathogenicity. — B.  ocdemations  is  usually  pathogenic,  nltliougli 
Weinberg  and  Segxiiu  report  the  isolation  of  two  non-virulent  strains, 
rabbits  are  less  susceptible  than  guinea-pigs.  Mice  are  also  aus- 
eeptible.  It  may  or  may  not  enter  the  blood  stream.  The  lesion 
in  the  animal  is  characterized  by  a  whitish  gelatinous  exudate  and 
the  absence  of  gas.  The  production  of  agglutinating  sera  with  B. 
oedematiens  has  not  been  satisfactory,  because  B.  oedcmatiens  tends 
to  agglutinate  spontaneously.  It  is  feebly  hemolytic  much  loss  so 
than  vibrion  septique  and  B.  perfringeus. 

Toxin. — B.  oedematiens  forms  a  soluble  toxin,  DifTeri'iit  strains 
vary  in  their  toxin  production.  With  a  potent  strain  1/100  e.r.  of 
toxin  injected  intravenously  kills  a  300-40()-gram  guinea-pig  in. 
forty-eight  liours.  This  toxin  differs  froiii  those  of  vibrion  septique 
and  B.  Welehii  in  that  it  never  kills  acutely  on  intravenuvus  iiijeelion. 
The  toxin  is  prepared  according  to  Weinberg  and  Seguin,  by  grow- 
ing B.  oedematiens  in  broth  containing  chopped  veal  for  six  to  ten 
days. 

Antitoxin.— Rabbits,  sheep  and  horses  have  been  used  to  produce 
antitoxic  sera.  Immunization  is  difficult  and  small  doses  must  l>e 
used  at  first.  Weinberg  and  Scgiiin  prepared  an  antitoxin  in  a  horse 
of  such  a  titer  that  1/10.000  dilution  neutralized  two  lethal  doses 
(guinea-pig). 

B.  Fallax. — \i.  fallax  was  diseovennl  during  the  war  by  Wein- 
berg and  Sogiiin.  It  is  a  much  less  important  factor  in  gas  gangrene 
than  the  iiiemhcrs  of  the  saceharolytic  group  already  described.  It 
is  usually  associated  \^nth  other  pathogenic  anaerobes.  WeinlKTg 
and  Scguin  cite  one  case  in  which  it  invaded  the  blood  stream  and 
caused  death.  It  was  isolated  by  Henry  in  three  eases  out  of  a  series 
of  fifty. 

It  is  an  anaerobic  Gram-positive  bacillus,  resembling  vibnon 
septique  in  appearance.  It  has  a  capsule  and  is  slightly  motile.  It 
does  not  form  spores  readily  in  most  culture  media.  Spores  are 
formed  on  coagulated  serum  and  are  subtermina). 

Bt  fallax  coagulates  milk  very  slowly.  It  does  not  liquefy  gelatin 
or  coagulated  serum. 

B.  fallax  is  not  hemolytic.  It  is  only  slightly  pathogenic  and 
soon  becomes  avirulent  on  artificial  cultivation. 
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Proteolytic  Group. — The  organisms  of  this  g^roup  can  never 
produce  gus  gangrcue  without  the  presence  of  one  or  more  bacilli 
■ct  the  saccharolj'tic  group.  The  members  of  the  proteolytic  group 
digest  milk  without  the  formation  of  a  clot  and  liquefy  and  often 
blacken  coagulated  serum.  These  two  characteristics  together  with 
the  fact  that  cultures  of  the  proteolytic  organisms  usually  have  a 
very  offensive  odor,  make  it  eomparatively  easy  to  distiugruisli  them 
from  the  saceharolytie  group.  Sugars  are  fenncnted  by  tlie  pro- 
teolytic type»  but  much  less  rapidly  and  with  the  production  of 
less  acid  and  gas  than  in  the  case  of  the  saccharolytic  group.  The 
members  of  the  proteolytic  group  produce  spores  readily  in  all 
media.  None  of  these  organisms  are  very  pathogenic  and  produce 
no  general  picture  of  toxemia  in  spite  of  the  tremendous  liqucfaclion 
of  tissue  caused  by  them.  The  ferments-*  of  several  of  the  pro- 
teolytic anaerobes  have  been  isolated  and  have  been  found  to  split 
proteins  to  animo  acids  so  rapidly  that  there  is  no  time  for  the 
intermediate  products  to  intoxicate  the  animals.  The  separation 
tof  the  proteolytic  anaerobes  from  the  saccharolytic  is  extremely 
difficult.  The  n»end)er8  of  the  two  groups  are  usually  present  to- 
gether, and  what  will  seem  to  be  a  pure  culture  of  a  saccharolytic 
organism  if  held  for  any  length  of  time,  will  often  show  a  con- 
tamination with  a  proteolytic  organism.  The  best  methods  for 
separation  of  the  two  groups  are:  by  rapid  transplantation  in  sugar 
media,  where  the  saccharolytic  organisms  outgrow  the  proteolytic, 
combined  with  frequent  plating,  or  by  animal  inoculation.  The 
latter  is  the  most  satisfactory.  In  the  animal  body  after  intramus- 
cular injection,  the  more  pathogenic  organisms  belonging  to  the 
saccharolytic  group  frequently  invade  the  blood  stream  and  may 
be  isolatc'.l  from  the  heart's  blood. 

B.  sporogenes. — This  organism  was  next  to  B.  Welchii  most 
frequently  foiuid  in  wound  cultures.  Weinberg  and  Seguin  isolated 
it  in  27  per  cent  of  their  eases.  H.  sporogenes  was  the  anaerobe 
usually  responsible  for  the  foul  odor  of  wounds.  According  to  most 
authors,  the  pathogenicity  of  this  organism  is  negligible.  Weinberg 
and  S>eguin  claim  to  have  isolated  a  few  toxic  strains,  but  these 
may  possibly  have  been  mixed  with  members  of  the  saccharolytic 
group.  Heller  has  not  found  any  proteolytic  anaerobes  that  are 
pathogenic  for  animals. 


»  Blanc  and  Fotertki,  Compt.  Roud.  3oc.  Biol,  87,  1920,  29, 
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Identification  of  Anaerobes  Present  in  Wonnd  Oidtures.— From 

the  point  of  serum  tn*atuKiit  of  iiUVi*tod  wnuiidN,  tlio  prompt  idcn- 
tilication  of  the  niexubcnt  of  saccharolytic  gi*oup,  11.  Welchii,  B. 
oedeuiaticiis  and  Vibrion  Septique,  is  most  important.  The  proccas 
of  purification  and  identification  l)y  cultural  methods  is  at  best  slow, 
and  Hcnry^  has,  therefore,  suggested  the  inoculation  of  the  unknown 
material  into  immunized  guinea-pigs  as  the  quickest  and  most 
reliable  method.  The  procedure  he  outlines  is  as  follows:  inoculate 
the  unknown  mixed  culture  into  cooked  meat  medium,  and  incubate. 
The  next  day  inoculate  the  supernatant  fluid  into  milk,  and  inject  in- 
tramuscularly into  two  immunized  guinea-pigs,  one  p»g  having  received 
a  mixture  of  B.  Welehii  and  Vibrion  Septique  antitoxin,  the  other  a 
mixture  of  H.  "NVelehii  and  B.  oedcmatiens.  The  stnnuy  fermenta- 
tion of  milk  is  diagnostic  for  B.  Weleldi  and  tliis  reaction  takes  place 
witliin  twenty-four  houi*s.  If  the  pig  that  was  protected  against 
Vibrion  Septique  (the  B.  Welehii  factor  having  beeu  eliminated  in 
lx)th  pigs)  dicR,  it  indieates  tlie  presence  of  some  other  pathog«^nic 
anaerobe,  probably  B.  oedematicns.  The  diagnosis  of  B.  oedcmatiens 
is  further  indicated  if  the  guinea-pig  that  received  the  B.  oedcmatiens 
combination  of  sera  survives.  If  the  animal  inoculations  come  out 
in  the  opposite  way,  the  pi-esence  of  Vibrion  Septique  is  indicated. 
The  jjathugenic  orgaiusm  can  usually  be  isolated  from  llie  hear-t's 
blood  of  t!ie  animal  that  succumbs.  By  using  a  "filter*'  of  protected 
guinea-pigs  in  tliis  way,  the  pathogenic  organisms  can  be  separated 
out  and  the  specific  scrum  injected  into  the  patient  within  forty-eight 
houi*s, 

THE  COOPERATION  OF  SURGERY  AND  BACTERIOLOGY  IN 
THE   MANAGEMENT   OF    TRAUMATIC    WOUNDS    (WAR 

WOUNDS) 

The  extensive  experionoe  gained  by  surgeons,  during  the  war, 
in  connection  with  infected  wounds  has  developed  a  number  of 
important  bacteriological  methods  which  are  likely  to  remain  as 
parts  of  the  routine  work  of  civil  hospitals,  especially  those  in 
which  traumatic  cases  are  handled. 

It  is  not  our  intention  to  go  into  the  various  problems  and  con- 
troversies that  have  arisen  among  surgeons  concerning  the  value 
of  irrigation  with  Dakin^s  solution  or  with  other  antiseptics.     This 


■^  Henrtf  and  Lacy,  Jour.  Pathol,  nnd  Bacter..  32,  1920,  No.  3. 
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is  not  directly  concerned  with  the  question  of  bacteriological  control, 
a  matter  wliich  is  desirable  and  seems  eminently  logical  whatever 
method  the  surgeon  chooses  to  use  for  the  disinfection  of  the  wound. 
It  is,  however,  chiefly  in  connection  with  Dakin's  solution  irrigation 
that  this  method  was  developed  by  Carrel.  The  most  complete 
treatise  on  the  entire  matter  may  be  found  in  the  book  by  Carrel 
and  De  llclly,  "The  Treatment  of  Infected  Wounds,"  (Hocber, 
New  York,  1919). 

The  usual  type  of  war  wound  or,  for  that  matter,  any  kind  of 
traumatic  wound,  presents  conditions  in  regard  to  the  possibilities 
of  infection  which  are  quite  different  from  those  ordinarily  en- 
countered in  aseptic  surgery.  From  the  skin  and  clothing  bacteria, 
both  aerobic  and  anaerobic,  are  carrii-d  by  the  projectiles  or  other 
foreign  bodies  into  the  tissues.  Tissues  are  destroyed  to  a  variable 
degree,  and  such  devitalized  tissues  furnish  an  excellent  medium 
for  bacterial  growth.  There  is  always  an  interval  or  latent  period 
between  contamination  of  the  wound  and  proliferalinn  and  penetra- 
tion of  the  organisms.  The  duration  of  this  latent  period  varies, 
but  usually  approximates  six  hours. 

The  immediate  aim  of  treatment  is  the  prevention  or  limitation 
of  infection,  and,  for  this  reason^  the  rationfll  mpthmi  of  '-^f>»'^^'rni^l^f» 
w>iPt|^pr  ilijp  piirpjf^P  is  being;  aernmplished  n.nd  what  the  next 
procedure  shniihl  hf_  ia  lmf-tpriolf)git'^l  foiiirnl. 

The  first  step  in  limiting  infection  in  such  wounds  is  accom- 
plished by  debridement,  that  is,  excision  of  the  tract  with  removal 
of  all  the  devitalized  and  contaminated  tissues,  together  with  foreign 
bodies,  bits  of  projectile,  clothing,  etc.  Bacteria  are  greatly 
diminished  though  not  eradicated  by  this  procedure. 

Bacteriological  control  of  the  original  infection  of  the  wound  and 
its  progi'oss  under  treatment  is  carried  out  by  a  method  of  systematic 
smear  examination  of  the  wound,  supplemented  by  cultures,  first 
practically  developed  by  Carrel. 

The  smear  jneCkodj  introduced  by  Carrel  and  employed  since  that 
time  by  many  surgeons  on  a  large  material,  is  simple,  can  be  carried 
out  by  any  well  trained  assistant  or  technician  without  the  aid  of  a 
highly  trained  bacteriologist,  and  has  apparently  yielded  results  of 
value.  Our  description  is  taken  almost  entirely  from  Carrel's  own  writ- 
ings. Wounds  should  be  examined  every  two  or  three  days,  and  when 
the  time  for  seeondai'y  closure  appears,  perhaps  every  day.  The 
principle  consists  in  the  examination  of  the  secretions  of  the  wounds 
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by  means  of  smears  in  such  a  way  that  an  approximate  estimate 
of  the  number  of  bacteria  contained  in  the  woiinds  can  be  made. 
Althougli  the  method  is  very  inaccurate,  its  value  does  not  depend 
upon  its  revealing  sliglit  difTerenecs,  the  significant  variations  being 
so  widely  apart  that  the  necessary  error  in  the  comparative  enumera- 
tions does  not  render  the  method  useless. 

The  examination  need  not  begin  earlier  than  twelve  hours  after 
the  infliction  of  the  wound,  since  up  to  that  time  few  bacteria  will 
be  found.  At  the  end  of  this  time,  when  hemorrhage  lias  completely 
stopped,  smears  are  taken  with  a  platinum  loop  from  different  parts 
of  the  wound.  The  points  from  which  cultures  are  taken  Hhould 
always  be  those  in  wlnoli  bacteria  are  mast  likely  to  be  present 
in  large  numbers.  Thus^  Carrel  chooses  points  in  contact  with 
foreign  bodies,  necrotic  bits  of  bone,  and  from  de»>p  in  the  sinuses 
and  crevices  of  the  wound.  Specimens  should  never  be  taken  from 
bleeding  points.  Specimens  should  always  be  taken  from  a  consider- 
able number  of  different  places  in  the  same  wound.  Care  should  be 
exercised  to  avoid  taking  smears  from  the  skin  adjacent  to  the 
wound.  With  the  end  of  a  small  platinum  loop  small  amounts  of 
secretion  arc  picked  up,  and'  smeared  upon  slides  in  such  a  way 
that  approximately  the  same  area  is  covered  by  the  different 
loopfuls  of  secretion.  With  loops  of  uniform  size  and  a  little  prac- 
tice, a  surprisinj;  uniformity  of  technique  can  In*  developed. 

These  smears  are  allowed  to  dry,  and  may  be  stained  in  a 
variety  of  ways.  Carbol  thionin  has  been  extensively  used,  but  we 
believe  that  a  Oram  stain  which  is  almost  as  simple,  will  give  a 
little  more  useful  information. 

The  stained  slides  can  now  be  examined  under  the  microscope 
and  the  number  of  bactena  per  field,  counted.  If  the  number  exceeds 
fifty  or  more  to  the  field,  more  accurate  counting  will  yield  no 
valuable  information  bec^iuse  the  wound  still  contains  too  many 
bacteria  to  warrant  closure  or  relaxation  of  the  local  therapy  that 
is  being  applied. 

Gradually,  as  the  wound  improves,  less  and  less  bacteria  will 
appear  in  tJie  daily  series  of  slides,  and  when  it  has  dropped  below 
fifty  per  field,  careful  counting  may  give  an  index  of  daily  variations. 
Eventually,  they  will  drop  to  only  one  microorganism  per  five,  ten 
or  twenty  fields,  in  which  case  the  daily  report,  can  be  expressed  in 
fractions,  as  1/5,  1/10,  or  1/20,  etc.  The  daily  counts  can,  in  this 
way,  be  numerically  charted,  and  constructed  into  a  curve  which 
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will  show  the  surgeon  by  a  glance  the  numerical  progress  of  the 
bacterial  iufvctiou. 

Carrel  states  that  it  is  useless  to  take  any  smears  as  long  as 
hemorrhage  exists.  If  the  wound  is  being  irrigated  with  Dakin's 
solution  or  other  antiseptic  fluids,  the  treatment  must  be  omitted 
for  at  least  two  hours  before  the  smears  are  taken.  Smears  taken 
from  the  surface  of  smooth  miisfles  aro  practically  useless^  since 
smooth  muscle  becomes  sterile  early  in  ihe  healing  process.  There- 
Core,  the  choosing  of  the  point  of  smear  is  of  the  utmost  importance. 
The  depth  of  the  wound  may  begin  to  become  sterile  at  times  when 
individual  little  foci  around  necrotic  bone,  small  pockets,  ete.,  nmy 
stitl  contain  numerous  bacteria.  This  must  be  boruc  in  mind  and 
an  intelligent  survey  of  Ihe  wound  made  by  the  bacteriologist  who 
takes  the  smear.  To  overlook  such  dangerous  points  would  seriously 
imperil  the  life  of  the  patient*  were  the  wound  closed.  When 
absolutely  no  bacteria  are  found  in  such  smears,  it  does  not  mean 
that  the  wound  is  completely  sterile.  It  is  still  possible  that  cultures 
might  reveal  organisms,  and  when  the  period  of  secondary  closure 
approaches,  especially  when  streptococci  have  been  present  at  a 
previous  time,  we  would  regard  it  of  the  gi'eatcst  importance  to 
take  a  culture  aimed  particularly  at  the  demonstration  of  hemolytic 
streptococci,  before  the  actual  suture  is  carried  out. 

Cultural  examinations  should  be  made  at  the  beginning  by  taking 
specimens  from  parts  of  the  wound  selected  as  indicated  above, 
and  smearing  them  upon  fresh  blood-agar  i)lates  (without  glucose). 
This  is  primarily  aimed  at  deterjniniug  whether  cocci,  and  especially 
hemolytic  streptococci  or  staphylococci,  are  present.  If  the  smears 
show  a  groat  many  bacilli  resembling  the  ordinary  anaerobes,  it 
may  be  well,  too,  to  make  anaerobic  cultures,  but  anaerobic  analysis 
is  not  of  great  immediate  value  to  the  surgeon  as  far  as  further 
procedure  is  concerned  because  of  the  long  time  consumed  by  such 
c^amijiatious.  Suture  is  not  carried  out  if  hemolytic  cocci  of  any 
kind  are  present,  and  for  this  season,  with  a  smear  as  a  preliminary 
indication,  frequent  culture  upon  blood  plates  should  be  undertaken 
during  the  progress  of  the  treatment. 

In  discussing  the  subject,  it  is  not  possible  to  give  an  intelligent 

vey  of  the  bacteriological  metliods.  without,  to  some  extent, 
itering  into  the  surgical  considerations  involved.  For  this  reason 
we  quote  from  Pool,"  whose  ixperience  with  this  typ<!  of  wound 
has  been  extensive. 


THE  ANAEROBIC  BACILLI 


767 


Debridement  should  be  carried  out  as  soon  as  possible  after 
infliction  of  the  wound.  Primary  suture  may  be  employed  only 
■dunng  quiet  periods  in  ease  of  war,  and  in  hospitals  whom  the 
:pationt  may  be  retained  for  carofu!  observation.  Otherwise  sutiire 
[of  the  wound  may  lead  to  enclosure,  within  an  imperfectly  debrided 
■vound,  of  various  microorganisms,  including  those  which  produce 
gas  Kangrcne.  In  regard  to  delayed  primary  and  secondary  suture, 
the  following  observations  of  Dr.  E,  H.  Pool  are  not  witliout  interest. 


L 


^     "The  determination  as  to  when  a  woimd  ma}*  be  sutured  depends  on  bac- 
teriologic  findings  and  clinical  obsen'ation.    It  must  be  emphasized  that  the 

'H:o-opernti«n  of  a  bacteriologist  is  indispensable  in  mukinfr  n  decision  as  to  the 
indientions  for  delayed  primary  and  see<nulary  ^iilurca.     The  prnHicnl  fiine- 

:tJon  and  indisputable  importance  of  the  bacteriolopist  in  war  surgery  lies  in 
this.    Ill  the  consideration  as  to  wlielher  a  wound  is  saturable  or  not,  reliatice 

.must  be  placed  chiefly  on  cultures,  the  important  feature  being  the  determina- 
tion of  the  presence  or  absence  of  hemolytic  cocci.    For  this,  a  routine  blood- 

-■irar  examination  is  essential. 
'     Bacterial  counts  are  far  from  ejcact,  yet  they  g^ve  an  indication  as  to  the 
degree  of  bacterial  contamination  of  a  wound,  especially  tiie  progi-ess  from 
day  to  day,  and  are  of  value  i«peeially  for  one  untrained  in   estimating 

Idiuicully  the  indications  and  contraindications  for  suture. 

From  ei^LTbteen  to  forty-eight  hours  after  the  original  operation  of  de- 
bridement or  excision  of  tissues,  the  wound  is  dressed  and  a  culture  and  a 
smear  are  made.  A  report  is  retuzTied  as  soon  as  possible.  This  contains  the 
approximate  number  of  organisms  per  field  and  the  varieties  of  organisms. 
If  no  organisms  are  found,  suture  is  indicated.  If  hemolytic  coeei  are  present, 
suture  is  not  considered.  In  the  absence  of  hemolytic  cocci,  if  the  wound  is 
elinieally  sntuiablo,  the  presenee  of  a  few  anaerobes  or  other  orj;anisnis 
(approximately  one  in  two  fields)  does  not  rontraindicnte  suture.  A  con- 
sidera1>te  number  of  organisms  of  any  kind  indicatc*s  delay  of  suture,  until 
the  bacterial  growth  declines.  A  culture  and  a  smear  should  be  repeated  at 
the  following  dressing;  the  results  of  this  examination  will  determine  suturing 
or  further  delay.  If  the  wound  is  lett  open  for  a  eoasiderable  period,  e.g., 
over  a  week,  or  is  definitely  infected,  a  smear  is  made  every  two  days.  It  is 
also  advisable  to  make  a  culture  occasionally.  Care  must  be  taken  not  to 
touch  the  skin  surface  in  making  the  stnear,  sinee  akin  contamination  vitiates 
the  value  of  the  report.  From  the  3mear  a  bacterial  curve  is  plotted  accord- 
ing to  barrel's  plan.  Wlien  the  organisms  in  two  succef^ivc  counts  are  few, 
that  IS.  approximately  one  per  t^vo  fields,  and  a  culture  shows  an  absence  of 
hemolytic  cocci,  the  wonnd  is  considered  susceptible  of  secondary  sutnre 
except  when  the  wound  has  contained  hemolytic  cocci  at  any  time.  In  tlia: 
ease  careful  cultures  are  made  from  granulation  tissue  and  frqm  the  discharge 
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from  all  parte  of  the  woond,  and  absence  of  hemolytic  cocci  sbould  be  estab- 
lished by  two  successive  negative  cultures  before  suture  is  madi.'.  It  has  been 
observed  that  streptooocci  are  prone  to  lie  dormant  in  small  numbers,  but  to 
flare  up  and  cause  virulent  infection  after  closure  of  the  wound." 

In  compound  fTactures  the  same  principles  apply,  except  that, 
as  staled  by  Pool,  expedition,  thoroughness  and  early  closure  is 
particularly  imj)ortant  because  it  means  the  convtrsion  of  open  into 
dosed  fracture.  In  such  fractures  of  the  long  bones,  delayed 
primary  suture,  that  is.  suture  not  later  than  six  days  afler  the 
infliction  of  the  wound,  should  be  aimed  at.  He  states  that  it  has 
been  demonstrated  repeatedly  that  severe  fractures  of  long  bones, 
except  the  femur,  may  be  closed  in  from  three  to  six  days  after 
debridement.  If  this  cannot  be  done,  secondary  suture  may  often 
be  made  successfully  under  proper  bacteriological  control. 

In  the  case  of  joints,  the  principle  of  treatment  consists  in  com- 
plete debridement  of  the  tract  of  the  wound  into  tlic  soft  parts  and 
bone,  with  the  removal  of  foreign  bodies  and  irrigation  of  the  joint, 
followed  by  absolute  closure  of  the  joint  by  sutm-e,  with  or  without 
closure  of  the  superficial  parts. 

If  a  joint  becomes  distended  after  the  operation  and  infection 
is  suspected,  the  effusion  should  be  aspirated  and  examined  by  smear 
and  culture.  If  such  examination  indicates  infection,  the  joint 
sliould  be  reopened  and  treatment  for  suppurative  arthritis  begun. 

In  civil  surgery  the  principles  worked  out  with  war  Avounda 
can  be  applied  with  still  greater  hope  of  success,  since  here  tho 
nature  of  the  traiuna  and  infection  is  apt  to  be  less  extensive. 

As  to  serological  treatment  in  civilian  surgery,  this  will  be 
applicable  chiefly  in  cases  in  which  there  has  been  a  considerable 
delay  in  the  proper  surgical  treatment  of  the  wound  after  its  inflic- 
tion. It  seems  most  probable  at  the  present  time  that  the  most 
hopeful  prospect  for  future  therapy  will  lie  in  the  combination  of 
antitoxic  sera  against  B.  Welchii,  B.  oedematiens  and  Vibrion  Sep- 
tique,  with  Tetanus  antitoxin,  prophylaetieally  injected  in  the  same 
way  in  which  Tetanus  antitoxin  alone  has  been  used.  Idtherto. 
Whether  it  will  be  ])o.ssible  to  produce  this  in  poly\'alcnt  sera  pro- 
duced in  the  same  horse  or  whether  they  will  have  to  be  separately 
injected,  will  depend  upon  future  investigation  in  large  scale  serum 
production. 

Bacillus  of  Symptomatic  Anthrax.  (BnciUun  ayithracuH  $ymp- 
iomatici,    HauHchbrand,    (Uturban-    sympiomatiquc,    Sttrcophysematoi 
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bovis). — Symptomatic  anthrax  is  au  infectious  disease  occurring 
chiefly  among  sheep,  cattle,  and  goats.  It  is  spoken  of  as 
"quarter-enl"  or  *'blacklcg/'  The  disease  has  never  been  ob- 
served in  man.  It  was  formerly  confused  with  true  anthrax, 
because  of  a  superficial  similarity  between  the  clinical  symptoms  of 
the  two  maladies.  Baeteriologically,  the  two  microorganisms  are  in 
entirely  different  classes. 

Symptomatic  anthrax  is  of  wide  distribution  and  infection  is 
fusually  thi'ough  the  agency  of  the  soil  in  which  the  bacillus  is  present, 
in  the  form  of  spores  which  may  retain  viability  for  several  years. 


N     ^    ^ 


Fm.  76. — BACTUitm  of  STMPToMATir  Anthhax.    After  Zcttnow. 


Morphology  and  Staining. — The  bacillus  of  symptomatic  anthrax 
is  a  bacillus  with  rounded  ends,  being  about  four  to  six  micra  long, 
and  five-tenths  to  six-tenths  micra  wide.  It  is  usually  seen  singly 
and  never  forms  long  chains.  The  bacillus  in  its  vegetative  form 
is  actively  motile  and  possesses  numerous  ilagella  placed  about  its 
peiiphery.  In  artificial  media  it  forms  spores  which  are  oval, 
broader  than  the  rod  itself,  and  placed  near,  though  never  actually 
at,  the  end  of  the  bacillary  body.  This  gives  the  bacillus  a  racket- 
shaped  appearance. 

It  is  readily  stained  with  the  usual  anilin  dyes,  but  is  easily 
decolorized  by  Gram's  method  of  staining.  However,  von  Hibler 
claims  that  when  very  carefully  stained  the  bacillus  can  be  shown 
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to  ))e  Gram-positive — at  least  when  taken  from  the  animal  body," 
Cultivation.— The  bacilius  is  a  strict  anaerobe.  It  was  obtained 
in  pure  culture  fii*8t  by  Kitasato."  Under  anaerobic  conditions  it  is 
easily  cultivated  upon  the  usual  laboratory  media,  all  ol"  wliieh  are 
more  favorable  after  the  addition  of  glucose,  glycerin,  or  nutrosc. 
In  all  media  there  is  active  gas  formation,  whi^-b, 
owing  to  an  admixture  of  butyric  acid,  is  of  a  foul, 
sour  odor.  The  bacillufe  is  not  very  delicate  in  its 
ivquirenieats  of  a  special  reaction  of  media,  grow- 
ing equally  well  on  those  slightly  acid  or  slightly 
alkaline. 

On  gelatin  plates,  at  20°  C.  colonies  appear  in 
about  twenty-four  hours,  usually  round  or  oval, 
with  a  compact  center  about  which  fine  radiating 
filaments  form  an  opaque  halo.  The  gelatin  ia 
liiiuefied. 

Surface  colonies  upon  ar/ar  plaies  are  circular 
and  made  up  of  a  slightly  granular  compact  center, 
from  whicli  a  thinner  peripheral  zone  emanates, 
contnining  mieroscopii*ally  a  tanple  of  fine  threads. 
In  agijr  stabs,  at  37.5**  C,  growth  appeal's  within 
eighteen  hours,  rapidly  spreading  from  the  line 
of  stab  as  a  ditfuse.  tine  cloud.  Gas  formation, 
especially  near  the  Iwittom  of  the  tube,  rapidly  leads 
to  the  formation  of  bubbles  and  later  to  extensive 
splitting  of  the  medium.  In  gelatin  stab  cultures 
growth  is  similar  to  that  in  a^ar  stabs,  though  less 
rapid. 

Pathogenicity. — Symptomatic  anthrax  bacilli 
are  pathogenic  for  cattle,  sheep,  and  goats.  By  far 
the  largest  number  of  cases,  po.ssibly  the  only  spon- 
taneous ones,  appear  among  cattle.  Guinea-pigs  are 
very  susceptible  to  experimental  inoculation.  Horses  are  very  little 
sust'cptible.  Dogs,  cats,  rabbits,  and  birds  are  immune.  Man  also 
appears  to  be  absolutely  immune.  Spontaneous  infection  occurs  by 
the  entrance  of  infected  soil  into  Bbrasioiu)  or  wounds,  usually  of 
t!u'  lower  extremities.  Infection  depends  to  some  extent  upon  the 
relative  degree  of  vinilenee  of  the  ba^'illus — a  variable  factor  in  this 


Fiu.  77.  —  Ua- 
ciu-PB  OF  Symp- 
tomatic .^VXTHRAX. 

Culturt-   iu    glucose 
Agar. 


»*  ym  flihUr,  KotU,  Wassermann,  etc,,  p  792,  vol.  iv. 
•*Kittimto.  Wooh  f.  Hyg^  1889. 
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specii'R.  TSvelve  to  twenty-foar  houi-s  after  inoculation  there  appears 
at  the  point  of  pnt ranee  a  soft,  puffy  swelling,  wliich  on  palpation 
IS  found  to  emit  an  emphysematous  crackling.  The  emphysema 
spread  rapidly,  often  reachinisf  the  abdomen  and  (.'hcst  within  a  day. 
The  course  of  the  disease  is  extremely  acute,  the  fever  high,  the 
general  prostration  extreme.  Death  may  result  within  three  or 
four  daj-B  after  inoculation. 

At  autopsy  the  swollen  area  is  found  to  be  infiltrated  with  a 
thick  exudate,  blood-tinged  and  foamy.  Sulicutaneous  tissue  and 
niuscles  are  edeniatous  and  crackle  with  gas.  The  internal  organs 
show  parenchymatous  degeneration  and  hemorrhagic  areas.  The 
bacilli,  immediately  after  death,  are  found  but  sparsely  distributed 
in  the  blood  and  internal  organs,  but  arc  demonstrable  in  enormous 
numbers  in  the  edema  surrounding  the  eentral  focus. 

If  carcasses  are  allowed  to  lie  unburied  for  some  time,  the  bacilli 
will  attain  a  general  distribution,  and  the  entire  body  will  be  found 
bloated  with  gas,  the  organs  filled  with  bubbles.  Practically  identical 
eonditions  are  found  after  experimental  inoculation. 

Toxins.— Aceording  to  the  investigations  of  Leclainehe  and 
A'allee,'**  the  bacillus  of  symptomatic  anthrax  produces  a  soluble 
toxin.  It  is  not  formed  to  any  extent  in  ordinary  broth,  but  is 
formed  in  considerable  quaiitities  in  broth  containing  blood  or 
albuminous  animal  fluids. 

The  best  medium  for  obtaining  toxin,  according  to  the  same 
autlioi*s,  is  the  bouillon  of  Martin,^"  made  up  of  equal  parts  of  veal 
infusion  and  a  pepton  solution  obtained  from  the  macerated  tissues 
of  the  stomachs  of  pigs.  The  toxin  contained  in  filtrates  of  such 
eultures  is  quite  resistant  to  heat,  but  rapidly  deteriorates  if  free 
access  of  air  is  allowed. 

Immunity. — Active  immunization  against  the  bacillus  of  symp- 
tomatic anthrax  was  first  accomplislied  by  Arloing*"  and  his  col- 
laborators by  the  subcutaneous  inoculation  of  cattle  with  tissue- 
extracts  of  infected  animals.  The  work  of  these  authors  resulted 
in  a  practical  method  of  immunisation  which  is  carried  out  as 
follows : 


L 


** Lwlairwhe  H  VnlUe,  Ann.  dp  \"\mi.  Pa.iteur,  1909. 

»  Martin,  Ann.  de  TiiiBt.  Pnatcur,  1808. 

*  ArUnng,  Cornenn,  ct  Thomas,  "Le  Chwbon  Sympt.,"  etr.,  Paris,  1S87  Ref. 
from  Omssbefger  und  Schattcnfroh,  Kraus  und  Levaditi,  "Hundbuch,"  etc,  vol. 
i.  pt.  2. 
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Two  vacoinpH  are  propured.  Vaccine  I  consists  of  the  juice  of 
infected  meat,  dried  and  heated  to  100**  C.  for  six  hours.  Vaccine  II 
is  a  similar  meat-juice  heated  to  90°  C,  for  the  same  length  of  time. 
By  the  heating,  tlic  spores  contained  in  the  vaccines  are  attenuated 
to  relatively  different  degrees.  Vaccine  I  in  quantities  of  0.01  to 
0.02  c.c.  is  emulsified  in  sterile  salt  solutions  and  injected  near  the 
end  of  the  tail  of  the  animal  to  be  protected.  A  similar  quantity  of 
Vaccine  II  is  injected  in  the  same  way  fourteen  days  later. 

This  method  has  been  retained  in  principle,  but  largely  modified 
in  detail  by  various  workers.  Kilt"  introduced  the  use  of  the  diied 
and  powdered  whole  meat  instead  of  the  meat  juice,  and  made  only 
one  vaccine,  heated  to  94*  C.  for  six  hours.  This  method  has  been 
largely  used  in  this  country."  Passive  immunization  with  the 
serum'*  of  actively  immunized  sheep  and  goats  has  been  used  in 
combination  with  the  methods  of  active  immunization. 


"  KiW,  Ref.  Irom  OrassberRer  uuH  Schiittfinfroh,  loc.  oit. 
"  Report  of  Bureau  of  Animal  Ind.,  Wash.,  1902 
•  Arhingt  LecUnnche  et  Vall^,  loc.  cit. 


CHAPTER    XXXVni 

BACILLUS  ANTHR.\C1S  AND  ANTHRAX 

(Milzbrand,  Ckarbon) 

Anthrax  is  primarily  a  disease  of  the  hcrbivora,  attacking 
especially  cattle  and  sheep.  Infection  not  infrequently  oeeurs  in 
horses,  hogs,  and  goats.  In  other  domestic  animals  it  is  exceptional. 
Man  is  susceptible  to  the  disease  and  contracts  it  cither  directly 
from  the  living  animals  or  from  the  hides,  wool,  or  other  parts  of 
the  cadaver  used  in  the  industnes. 

The  history  of  the  disease  dates  back  to  the  most  ancient  periods 
and  anthrax  has,  at  all  times,  been  a  severe  scourge  upon  cattle- 
and  sheep-raising  communities.  Of  all  infections  attacking  the 
dumcstic  animals  no  other  has  claimed  so  many  victims  as  anthrax. 
In  Russia,  where  the  disease  is  most  common,  72,000  horses  are  said 
to  have  succumbed  in  one  year  (1864).' 

In  Austria-Hungary,  Germany,  France,  and  the  Eastern  countnes, 
each  year  thousands  of  animals  and  numerous  human  beings  perish 
of  anthrax,  in  England  and  America  the  disease  is  relatively  infre- 
quent.   No  quarter  of  the  globe,  however,  is  entirely  free  from  it. 

Especial  historical  interest  attaches  to  the  anthrax  bacillus  in 
that  it  was  the  first  microorganism  proved  definitely  to  bear  a  specific 
etiological  relatiunship  to  an  infectious  disease.  The  discovery  of 
the  anthrax  bacillus,  therefore,  laid,  as  it  were,  the  cornerstone  of 
modern  bacteriology.  The  baciUus  was  first  observed  in  the  blood 
of  infected  animals  by  Polleuder  in  1849,  and,  independently,  by 
Brauell  in  1857.  Davaiue,'^  however,  in  1863,  was  the  first  one  to 
produce  experimental  infection  in  animals  with  blood  cuntaining 
the  bacilli  and  to  suggest  a  direct  etiological  relationship  between 
the  two.  Final  and  absolute  proof  of  the  justice  of  Davaine's  con- 
tentions, however,  was  not  brought  until  the  further  development 
of  bacteriological  technique,  by  Koch,*  had  made  it  possible  for 


*  Quoted  from  Sobemheim,  KoUe  und  Wassermanrif  vol.  ii. 

*  Davaine,  Comptca  rend,  dc  Pnrftd.  dfs  sci.,  Ivii,  1863. 
•iCocA,  Cohu's  "Beitr. ».  Biol.  d.  Pflanxen,"  ii,  1876. 
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this  last  obgervcr  to  isolAto  the  bacilluR  upon  artifieial  media  ami 
to  reproduer  the  discaso  oxperimcnlally  by  inoculation  with  pure 
(•.ultiir<'s. 

Morphology  and  Staining. — The  uutlirux  bacillus  in  a  struif^ht 
rod.  5  to  10  miera  in  length,  1  to  3  niicra  in  width.  It  is  non-motile. 
In  preparations  made  fiom  tht.-  blood  of  an  inft't-ted  animal,  the 
bacilli  are  usually  single  or  in  pairs,  iirowu  on  artificial  media  they 
form  tangles  of  long  threadH.  Their  ends  are  cut  off  squarely,  in 
sharp  contrast  to  the  romided  ends  of  many  other  bacilli.     The 


Fio.  78. — Bacillus  Anthiucis,     From  pure  ciilture  on  agw. 

comers  are  often  sharp  and  the  ends  of  bacilli  in  contact  in  a  cliain 
often  touch  each  other  only  at  these  points,  leaving  in  consequence 
an  oval  chink  between  the  <'nd.s  of  the  organisms.  The  api)earancc 
of  a  chain  of  anthrax  bacilli  therefore,  has  been  not  inaptly  com- 
pared to  a  rod  of  bamboo.  On  artificial  media  the  anthrax  bacillus 
forms  spores.  Oxygen  is  necessary  for  the  formation  of  tht'He  spores 
and  they  are  consequently  not  found  in  the  blood  of  infocted  sub- 
jects. The  spores  are  loml^fl  in  tho  piiddle  of  the  haoilli  and  are 
dis^"Ktly  ^^'^^  They  are  diflRcult  to  stain,  but  may  be  demonstrated 
by  any  of  the  usual  spore-staining  procedures,  such  as  Moller*s  or 
Novy*8  methods.  The  bacilli  thcjuselvca  are  easily  stained  by  the 
usual  anilin  dyes,  and  gentian-violet  or  fuchsin  in  aqueous  solution 
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may  be  conveniently  employed.    They  are  not  decolorized  by  Gram's 
method. 

In  preparations  from  animal  tissues  or  blood,  stained  by  special 
procedures,  the  anthrax  bacillus  may  occasionally  be  seen  to  possess 
a  capsule.  The  capsule  is  never  seen  in  preparations  from  the 
ordinary  artificial  media,  Some  observers  have  demonstrated  them 
in  cultures  Ki'i^vn  in  fluid  blood  scrum.  In  chains  of  anthrax  bacilli, 
the  capsule  when  present  seems  to  envelop  the  entire  chain  and  not 
the  individual  bacteria  separately. 

I  Isolation. — Isolation  of  the  anthrax  bacillus  from  infected  ma- 
terial is  comparatively  simple,  Iwth  bcca\ise  of  the  case  of  its  cultiva- 
tion and  because  of  the  sharply  characterislic  features  of  its  mor- 
phological and  cultural  appearance. 

Cultivation. — The  anthrax  baeillus  is  an  aerobic,  fa<*ultatively 
Mimerobie  bacillus.  While  it  may  develop  slowly  and  sparsely  under 
anaerobic  conditions,  free  oxygen  is  required  to  permit  its  luxuriant 
and  characteristic  ^owth. 

The  optimum  temperature  for  its  cultivation  ranges  about  37.5^ 
( ■.  It  is  not,  however,  delicately  susceptible  to  moderate  variations 
of  temperature  anil  gi'o^vth  docs  not  cease  until  temperatures  as  low 
as  12°  C.  or  as  lugh  as  45°  C.  are  reached.  By  continuous  cultivation 
at  some  of  the  temperatures  near  either  the  higher  or  the  lower  of 
these  limits,  the  bacillus  may  become  -well  adapted  to  the  new 
environment  and  attain  luxuriant  growth.* 

The  anthrax  bacillus  may  be  cultivated  on  all  of  the  usual 
artificinl  media,  growing  upon  the  meat-extract  as  well  as  upon  the 
meat-infusion  media. 

It  may  be  cultivated  also  upon  hay  infusion,  various  other 
vegetable  media,  sugar  solutions,  and  urine.  "While  moderate  acidity 
of  the  medium  does  not  prevent  the  growth  of  this  bacillus,  the 
most  favorable  reaction  for  media  is  neutrality  ctr  slight  alkalinity. 

On  gelatin  plaieHj  colonies  develop  within  twenty-four  to  fortT' 
eiyht  hours  as^paque,  white  disks,  pin-head  in  size,  irrepmlnrly 
round  and  rather  fla^t.  Ah  the  colonies  increase  in  size  their  outlines 
become  less  regular  and  under  the  microscope  they  are  seen  to  be 
made  up  of  a  hair-like  tangle  of  threads  spreading  in  t hin  wavy 
layers  from  a  more  compact  central  knot.  The  microscopic  appear- 
ance  of  these  colonies  has  been  aptly  described  as  resembling  a 


*.Diei4thnnf,  Arh  a.  d.  kais.  Oe^mndhcitBamt,  1894. 
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Medusa  hca<L  Fragmcnlh  of  a  colony  examined  on  a  slide  with  a 
higiier  power  show  tlie  individual  threadi*  to  be  made  up  of  parallel 
chains  of  baeilli. 

After  a  day  or  two  of  further  growth,  the  gelatin  about  the 
colonies  becomes  liquefied. 

In  gelatin  stab  cultures^  growth  appeals*  at  first  as  a  thin  white  line 
along  the  course  of  the  puntiturc.    From  this,  gro^vth  proceeds  in 


Fig.  79, — liAciiJ-cs  anthhacib.    In  section  of  kidney  of  animal  dead  of  anthrax 


thin  spicules  or  filaments  diverging  from  the  stab,  more  abundantly 
near  tlie  top  than  near  the  bottum  of  tlic*  stab,  owing  to  more  uetivc 
growth  in  well  oxygenated  environment.  The  resulting  picture 
is  that  of  a  small  inverted  "Christmas  tree.'*  Fluidifioation  begins 
at  the  top.  at  first  a  shallow  depression  filled  with  an  opaque  mixture 
of  bacilli  and  fiuid.  Later  the  baeilli  sink  to  the  bottom  of  the  fiat 
depression,  leaving  a  elear  supernatant  fluid  of  peptonized  gelatin. 
In  broth,  growth  lakes  place  rapidly,  but  does  not  lead  to  an  even, 
general  Houding.    There  is  usually  an  initial  pellicle  formation  at 
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<*he  top  wlipre  tlie  oxygon  supply  ih  {i^roatosl.  SimiillaneoiiHly  with 
this  a  slimy  mass  appears  at  the  bottom  of  the  tube,  owing  to  the 
sinking  of  bacilli  to  the  bottom.  Apart  from  isolated  flakes  and 
threads  the  intervening  broth  is  eloar.  Shaken  tip,  the  tnbc  shows 
a  tough,  stringy  mass,  not  unlike  a  small  cotton  flttfT,  and  general 
cloucfing  is  produced  only  by  vigorous  mixing. 

Upon   agar  plates,  growth  at  37.5"   C.  is  vigorous  and  colonics 
appear  mthin  twelve  to  twenty-four  hours.    They  are  irregular  in 


Fio.  80  —  Bacillpr  axthjracih      m  Knieiir  uf  HjiJwn  of  utiiinal  dead  uf  anthrax. 


outline,  slightly  wrinkled,  and  show  under  the  microscope  the  char- 
acteristic tangled-thread  uppearauce  seen  on  gelatin,  except  that 
they  are  more  compact  than  upon  the  former  medium.  The  colonies 
arc  slightly  glistening  nnd  tougli  in  consistency. 

_Pn  oyg/'  sl'Qnt.s,  the  colonies  usually  become  confluent,  the  entire 
surface  soon  being  covered  by  a  grayish,  tough  pellicle  which,  if 
fished,  has  a  tendency  to  come  away  in  thin  strips  or  sjt^^"^!^ 

On  po/gfo,  growth  is  rapid^  white,  and  rather  dry.  Sporulation 
_upon  potato  israpid  and  marked,  and  the  medium  is  favorable  for 
tjie  study  of  tliis  plmse  of  development. 

MtD{  is  slowly  acidified  and  slowly  coagulated.  This  action  is 
chiefly  upon  the  casein ;  very  few,  if  any,  changes  being  produced 
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eithor  in  the  sugarR  or  in  the  fats  of  the  milk.  The  acids  formed 
are,  according  lo  Iwanow,*^  cliiefly  formie,  acetic,  aad  eaproie  acids. 
Biological  Conaiderationa. — The  anthrax  baciJtus  is  aerobic  and 
facultatively  anaerobic.  It  is  non-motile  and  possesses  no  flagella. 
In  the  animal  bctdy  it  oceanionally  forms  capsules.  In  artificial 
cultures  in  the  presence  of  oxygeii,  it  sooner  or  later  invariably 
forms  spores.  The  spores  appear  after  the  culture  has  reached  its 
maximum  of  development.  Sporulation  never  occurs  in  the  animal 
body,  probably  because  of  the  absence  of  suflBcicnt  free  oxygen. 


Fio.  81 — Anthkax  Coloxt  on  Gelatin.     f.\ftcr  GOnther) 

Spores  are  formed  most  extensively"  at  temperatures  ranging  from 
20*  C.  lo  30°  C.  Spofo  formation  ceases  below  IS"*  L\  and  above 
42*  C,  For  different  strains  these  figures  may  var>'  slightly,  as  has 
been  shown  from  tlie  results  of  various  observers.  Spores  appear 
most  rapidly  and  regularly  upon  agar  and  potato  media. 

The  spore — one  in  each  bacillus — appears  as  a  small,  highly 
refraetile  spot  in  the  center  of  the  indindual  bacterium.  As  tlds 
enlarges,  the  body  of  the  bacillus  around  it  gradually  undergoes 
granular  degenerali<in  and  loses  its  staining  i*apacity.^ 


*  Itraruntf,  Ann.  ilo  I'infft.  Pasteur,  1802 

'  IhhHng,  Zeit.  f  Hyie.,  vi  and  vii,  1880;   Dent.  niwV  Woch..  1880 
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If  aathj'ax  bacilli  arc  cultivated  for  prolougcd  periods  upon 
media  coutaining  hydrochloric  or  rosolic  acid  or  weak  solutions  of 
carbolic  acid,"  cultures  may  be  obtained  which  do  uot  sporulatc 
and  which  seem  permanently  to  have  lost  this  power,  without 
losing  thi'ir  virulence  to  the  same  degree.  Similar  results  may  be 
obtained  by  continuous  cultivation  at  temperatures  above  42**  C. 
liy  this  procedure,  however,  virulence,  too.  is  considerably  di- 
miaislied. 

Eesistanoe. — Because  of  its  property  of  spore  formation,  the 
antlirax  buoillus  is  extremely  rmstant  toward  chemical  and  physical 
environment.  The  vegetative  forms  tliemseives  are  not  more  resist- 
ant than  most  other  nou-sporulaling  bacteria*  being  destroyed  by 
a  temperature  of  54**  C.  in  ten  nuuutes.  Anthrax  spores  may  be 
kept  in  a  dry  state  for  many  years  without  losing  tlieir  viability." 
While  difTerenl  strains  of  anthrax  spores  show  some  variation  in 
their  powers  of  resistance,  all  races  show  an  extremely  liigh  resist* 
anec  to  heat.  Dry  lieat  at  140"  C.  kills  them  only  after  three 
hours."  Live  steam  at  100'^  kills  them  in  Rve  to  ten  minutes.  Doll- 
ing in  water  destroys  them  in  about  ten  minutes.  Low  temperatures 
have  but  little  eff^-ct  upon  them.  Kavenel'*  found  that,  frt>/A*n  by 
litiuid  air,  they  were  still  viable  after  three  hours. 

The  variability  shown  by  dilTerent  strains  of  spores  in  tiieir 
resistance  to  heat  is  even  more  marked  in  their  behavior  toward 
chemicals.*-  Some  strains  will  retain  their  viability  after  exposure 
to  5  per  cent  carbolic  acid  for  forty  days,'''  while  others  are  destroyed 
by  the  same  solution  in  two  days.  Corrosive  sublimate,  1 :2,D00, 
kills  most  straiiis  of  anthrax  in  forty  minutes. 

Direct  sunlight  destroys  anthrax  spores  within  six  to  twelve 
hours.  ^* 

Pathogenicity. — The  anthrax  bacillus  is  pathogenic  for  cattle. 
Bhet'p.  giLiiiL'apigs,  rabbits,  rats,  and  mice.  The  degrees  of  sus- 
ceptibility of  these  animals  difTer  greatly,  variations  in  this  respect 
existing  even  amortg  different  members  of  the  same  species.    Thus, 


■  Chamherlnnd  pt  Homx,  ComptM  rend,  de  I'acad.  rfes  bcI,  tkxx,  1882. 

»iS»*rmon/  et  Amould,  Ann.  de  I'ingt.  Pasteur,  1894. 
'•  Koch  und  Wolffhagcl,  Mitt.  a.  d.  kaU.  Gesimdheitoamt.  1881. 
"  Rafenel,  Medioil  Xews,  vii,  1890. 
'« Frankfi.  Zeit.  f.  Hyg..  vi,  1889. 
"KocAJor.  cit. 
'*  Mottiont,  Ann.  de  Tinst.  Pasteur,  1892. 
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tiie  long-haired  Algerian  sheep  show  a  high  resistance,  while  the 
European  variety  are  highly  susceptible;  and,  similarly,  the  gray 
rat  is  niueh  more  resistant  than  the  white  rat.  Dogs,  hogs,  cats^ 
birds,  and  the  cold-blooded  animals  are  relatively  insusceptible.  For 
man  the  haeilluK  is  definitely  patliogenie,  though  less  so  than  for 
some  of  tile  animals  mentioned  above. 

While  separate  races  of  anthrax  bacilli  may  vary  much  in  their 
degree  of  virulence,  a  single  individual  strain  remains  fairly  constant 
in  this  respect  if  preserved,  dried  upon  threads  or  kept  in  sealed 
lubes,  in  a  cold,  dark  place.  Virulence  may  be  reduced'*'  by  various 
attenuating  laboratory  procedures  which  are  of  importance  in  that 
they  have  mode  possible  prophylactic  immunization.  Heating  the 
bacilli  to  55**  C  for  ten  minutes  considerably  reduces  their  virulence. 
Similar  results  are  obtained  by  prolonged  cultivation  at  tempera- 
tures of  42''  to  43°  C,  or  by  the  addition  of  weak  disinfectants  to 
the  cnllure  lluids."  Once  reduced,  the  new  grade  of  virulence 
remains  fairly  constant.  Increase  of  virulence  may  be  artificially 
produced  by  passage  through  animals. 

Kxpcrimenlal  infections  in  susceptible  animals  are  most  easily 
aecomplislied  by  subcutaneous  inoculations.  The  inoculation  is  fol- 
lowed, at  first,  by  no  morbid  symptoms,  and  some  animals  may 
appear  perfectly  well  and  comfortable  until  within  a  few  hours 
or  even  moments  before  death,  when  they  suddenly  become  visibly 
very  ill,  rapidly  go  into  collapse,  and  die.  The  length  of  the  disease 
depends  to  some  extent,  of  course,  upon  the  resistance  of  the  infected 
subject,  being  in  guinea-pigs  and  mice  from  twenty-four  to  forty- 
right  hours.  The  quantity  of  infectious  material  introduced,  on  the 
other  hand,  has  little  bearing  upon  the  final  outcome,  a  few  bacilli. 
or  even  a  single  bacillus,  often  sufficing  to  bring  alwut  a  fatal 
infection.  Although  the  bacilli  are  not  demonstrable  in  the  blood 
until  just  l>efore  death,  they  nevertheless  invade  the  blood  and 
lymph  streams  immediately  after  inoculation,  and  are  conveyed 
by  these  to  all  the  organs.  This  has  been  demonstrated  dearly  by 
experiments  where  inoculations  into  the  tail  or  ear  were  immediately 
followed  by  amputation  of  the  inoculated  parts  without  prevention 
of  the  fatal  general  infection.    The  bacilli  are  probably  not  at  first 


"  TuM»aiut,  Comptea  resid.  de  Taead.  des  sci.,  xci,  1880;  Peuteur,  Chamberlan 
el  l(oits,  Compt4?s  rend   <le  Tacad.  des  sci,  xcii,  1861. 
**  Chamlh:rhnd  H  Hmrx,  bid.,  XCVI,  1882. 
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able  to  multiply  in  the  blood.  At  the  place  of  inoenlation  and 
probably  in  the  organs  they  proliferate,  until  the  n^istauce  of  the 
infected  subject  is  entirely  overcome.  At  this  stage  of  the  disease, 
no  longer  held  at  bay  by  any  aiilagoiiistie  qualities  of  the  hlood, 
they  enter  the  circulation  aud  uiulliply  within  it.  Autophy  ui)on 
8uch  animals  reveals  an  edematous  hemorrhagic  infiltration  at  the 
point  of  inoculation.  The  spleen  is  enlarged  and  congested.  The 
kidneys  are  congested,  and  there  may  be  hemorrhagic  spots  uptm 
the  serous  membranes.  The  bacilli  are  found  in  large  numbers  in 
the  blood  and  in  the  capillaries  of  all  the  organs. 

The  mode  of  action  of  Bacillus  anthracis  is  as  yet  an  unsettled 
point.  It  is  probable  that  death  is  brought  about  to  a  large  extent 
by  purely  mechanical  means,  sucli  as  capillary  obstniotion.  Neither 
a  true  secretory  toxin  nor  an  endotoxin  has  lieen  demonstrated  for 
the  anthrax  bacillus.  The  decidedly  toxemic  clinical  picture  of  the 
disease,  however,  in  some  animnts  and  in  man.  precludes  our 
definitely  concluding  that  such  poisons  do  not  exist.  It  is  a  mutter 
of  fact,  however,  that  neither  culture  filtrates  nor  dead  bacilli  have 
any  noticeable  toxic  effect  upon  test  animals,  and  exert  no  appre- 
ciable immunizing  action. 

Spontaneous  infection  of  animals  takes  place  largi'ly  by  way  of 
the  alimentary  canal,  the  bacilli  being  taken  in  with  the  food.  The 
bacteria  are  swallowed  as  .spores,  and  therefore  resist  the  acid  gastric 
juice.  In  the  intestines  they  develop  into  the  vegetative  forms, 
increase,  and  gradually  invade  the  system.  The  large  majority  of 
cattle  infections  are  of  this  type.  Direct  subcutaneous  infection 
may  also  occur  spontaneously  when  small  punctures  and  abrasions 
about  the  mouth  are  made  by  the  sharp  spicules  of  the  hay,  straw, 
or  other  varieties  of  fodder. 

When  infection  upon  a  visible  part  occurs,  there  is  formed  a 
diffuse,  tense  local  swelling,  not  unlike  a  large  carbuncle.  The 
center  of  this  may  be  marked  by  a  black,  necrotic  slongh.  or  may 
contain  a  pustular  depression. 

Infection  by  inhalation  is  probably  rare  among  animals.  Trans- 
mission among  animals  is  usually  by  the  agency  of  the  excreta  or 
unburned  carcasses  of  infected  animals.  The  bacilli  escaping  from 
the  body  arc  deposited  upon  the  earth  together  with  animal  and 
vegetable  matter,  which  forms  a  suitable  medium  for  sporulation. 
The  spores  may  then  remain  in  the  immediate  vicinity,  or  may  he 
Bcattered  by  rain  and  wind  over  considerable  areaa.    The  danger 
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from  biu'icd  carcasses,  at  first  suspected  by  Pasteur,  is  probably 
very  slight,  owing  to  the  fact  that  the  bacilli  can  not  sporulate 
iu  the  anaerobic  environment  to  whicli  the  burying-proccas  subjects 
Ihem.  Thi*  disease,  iu  inft'eted  cattle  and  sheep,  is  usually  acute, 
killing  within  one  or  two  days.  The  moiiality  is  extremely  high, 
fluctuating  about  eighty  per  cent. 

In  man  the  disease  is  usually  acquired  by  cutaneous  inoculation. 
It  may  also  occur  by  inhalation  and  Ihrougli  the  alimentary  tract. 

Cutaneous  inoculation  occurs  usually  through  small  abrasions  or 
scratches  upon  the  skin  in  men  who  habituolly  handle  livf-stoek, 
and  in  butchers,  or  tanners  of  hides.  Infection  occurs  most  fre- 
quently upon  the  hands  and  forearms.  The  primary  lesion,  often 
spoken  of  as  **malignant  pustule,"  appears  within  twelve  to  twenty- 
four  hours  after  inoculation,  and  rfsenibk*s,  at  fii-st,  an  ordinary 
Kmall  furuncle.  Soon,  however,  its  center  will  show  a  vesicle  filled 
with  sero-sanguineous,  later  sero-puruU*nt  fiuid.  This  may  change 
into  a  black  central  necrosis  surrounded  by  an  angry  red  edeinatous 
areola.  Occasionally  local  gangrene  and  general  systemic  infection 
may  lead  to  death  within  five  or  six  days.  More  frequently,  how- 
ever, especially  if  prompt  excision  is  practiced,  the  patient  recovers. 
The  early  diagnosis  of  the  condition  is  best  made  baeteriologically 
by  finding  the  l>aeilli  in  the  local  discharge. 

The  pulmonary  infection,  known  as  "wool -sorter *8  disease," 
occurn  in  persons  who  handle  raw  wool,  hides,  or  horse  hair,  by  tlie 
inhalation  or  by  the  swallowing  of  spores.  The  disease  is  fortunately 
rare  in  this  coiuitry.  The  spores,  once  inhaled,  develop  into  the 
vegetative  forms"  and  these  travel  along  the  lymphatics  into  the 
lungs  and  pleura.  The  disease  manifests  itself  as  a  violent,  irregular 
pneumonia,  which,  in  the  majority  of  eases,  leads  to  death.  The 
bacilli  in  these  cases  can  often  be  found  in  the  sputum  ]>efore  death. 

Infection  through  the  alimentary  canal  may  oeeMsionnlly,  though 
rarely,  occur  iu  man,  the  source  of  infection  bring  usually  ingestion 
of  the  uncooked  meat  of  infected  animals.  This  form  of  infection 
is  rare,  because  in  many  cases  the  bacilli  have  not  sporulated  in 
the  atiimal  and  the  ingested  vegetative  forms  are  injured  or  de- 
stroyed by  the  acid  gastric  juice.  When  viable  spores  enter  the 
gut,  however,  infection  may  take  place,  the  initial  lesion  iK'ing 
localized  usually  in  the  small  intestine.  The  clinical  pieturc  that 
follows  is  one  of  violent  enteritis  with  bloody  stools  and  great 
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prostration.  Death  is  the  rule.  The  diagnosis  ia  made  by  th«  dis- 
cover>'  of  the  bacilli  in  the  feces. 

General  hygienic  prophylaxis  agaiiiBt  anthrax  consists  cliicfly  in 
the  destruction  of  infected  animals,  in  iho  burjnng  of  cadavoi's,  and 
in  the  disinfection  of  stables,  etc.  The  praetieal  impossibility  of 
destroying  the  anthrax  spores  in  infected  pastures,  etc..  makes  it 
necessary  to  resort  to  prophylactic  immunization  of  catlh*  and  sheep. 

Immunity  Against  Anthrax. — Minute  quantities  of  virulent  an- 
thrax cultures  usually  suffice  to  produce  death  in  suaccptiMe  animals. 
Dead  cultures  arc  ineflicicut  in  calling  forth  any  immunity  in  trea1i»d 
subjects.  It  ia  necessary,  therefore,  for  the  production  of  active 
immunity  to  resort  to  attenuated  cultures.  The  safest  way  to  Bc<^om- 
plish  such  attenuation  is  the  one  originated  by  Pasteur.*"*  consisting 
in  prolonged  cultivation  of  the  bacillus  at  42"  to  43°  (\  in  broth. 
Non-spore-forming  races  are  thus  evolved. 

The  longer  the  bacilli  are  grown  at  the  above  temperaturr  the 
greater  ia  the  reduction  in  their  virulence.  Koch^  (JalTky,  and 
Loeffler,^'  utilizing  the  variations  in  susceptibilities  of  dilYerent 
species  of  animals,  devised  a  method  by  means  of  which  the  relative 
attenuation  of  a  given  culture  may  Ik'  estimated  and  standardir.ed. 
Rabbits  are  less  susceptible  than  guinea-pigs,  and  virulent  anthrax 
cultures,  grown  for  two  or  three  days  after  the  stated  conditions, 
lose  their  power  to  kill  rabbits,  but  are  less  virulent  for  giiinen-])igs. 
After  ten  to  twenty  days  of  further  cultivation  at  42°  (\  the  virulence 
for  the  guinea-pig  disappears,  but  the  culture  is  potent  against  the 
still  more  susceptible  mouse.  Kven  the  virulence  for  mice  tnay  bo 
entirely  eliminated  by  further  cultivation  ut  this  temperature. 

The  method  of  active  immunization  fii-st  practiced  by  l*ttsteur, 
and  still  used  extensively,  is  carried  out  as  follows:  Two  anthrax 
cultures  of  varying  degrees  of  attenuation  are  used  us  vaccins.  The 
premitr  vaccin  is  a  culture  which  has  lost  its  virulence  for  guinea -pigs 
and  rabbits,  and  is  potent  only  against  mice.  The  deujcieme  vaccin 
is  a  culture  which  is  still  dciiiiitely  vinilcait  for  mice  and  guinca-pigs, 
hut  not  potent  for  rabbits.  Forty-eight-hour  broth  cultures  of  thwc 
strains,  grown  at  37.5°  C,  form  the  vaccin  actually  employed.  Vat^cin 
I  is  subcutaneously  injected  into  cattle  in  doses  of  0.25  c.c.,  sheep 
receiving  about  half  this  quantity.  After  twelve  days  have  elapsed 
similar  quantities  of  Vaccin  II  are  injected. 

"  Pasteur,  loc.  cit. 

**  Kochf  Ooffki/,  imU  Loe£ler,  Mitt.  s.  d.  Icftis.  Gemindheitisamt,  18S4. 
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Pasteur  H  method  has  given  excellent  results  and  confei-s  an 
immunity  whiclj  lasts  about  a  year. 

Chuuveau-"  has  modified  Pasteur's  method  by  growing  tiie  bacilli 
in  l>ouiUon  at  38°  to  39°  C,  al  u  pressure  of  eight  atmospheres, 
(hiltures  are  tlien  made  of  races  attenuated  in  this  way.  up(»n  ehieken 
bouillon  and  allowed  to  develop  for  thirty  days.  Single  injections 
of  0.1  c.c.  each  of  such  cultures  are  said  to  protect  cattle. 

ActiA'e  immiiniz-ation  of  wnall  lalwratoi-y  animals  is  very  di^eult, 
but  can  be  accomplished  by  careful  treatment  Avith  extremely  at- 
tenuated cultures. 

Passive  innnuuization  by  means  of  the  serum  of  actively  immune 
aninmls  was  first  suecesafully  aecomplished  by  Sclavo.-* 

The  subject  of  passive  immunization  has  been  especially  inves- 
tigated and  practically  applied  by  Sobernheim."*  The  serum  used 
is  produced  by  actively  immunizing  sheep.  It  is  necessary  to  carry 
immunization  to  an  extremely  high  degree  in  order  to  obtain  any 
appreciable  protective  power  in  the  serum.  This  is  accomplished 
by  preliminary  treatment  with  Pasteur's  or  other  attenuated  vac- 
cines, followed  by  gradually  increasing  doses  of  fully  viruK*nt  cul- 
tures. Treatment  continued  at  intervals  of  two  weeks,  for  two  or 
three  months,  usually  produces  an  effective  serum.  Horses  and 
cattle  may  also  be  used  for  the  process,  but  they  are  believed  by 
Sobernheira  to  give  less  active  sera  than  sheep.  Bleeding  is  done 
about  three  weeks  after  the  last  injection.  The  sera  are  stable  and 
easily  preserved. 

Injections  of  20  to  25  c.c.  of  such  a  serum  have  been  found  to 
protect  animals  eflfectually  from  anthrax  and  to  confer  an  immunity 
lasting  often  as  long  as  two  months.  Animals  already  infected  are 
aaid  to  be  saved  by  treatment  with  25  to  100  c.c.  of  the  serum. 
ij  Neither  specific  bactericidal  nor  bacteriolytic  properties  have, 
so  far,  been  demonstrated  in  these  immiuie  sera.  In  fart,  these 
properties  arc  distinctly  more  pronounced  against  Bacillus  anthracis 
in  the  normal  sera  of  rats  and  dogs.  Agglutinins  have  not  been 
satisfactorily  demonstrated  in  sera,  partly  because  of  the  great 
technical  difficulties  encountered  in  the  active  chain-formation  of 
the  bacillus  in  fluid  media.     An  increase  of  opsonic  power  of  such 


**  ChauveaUf  Compter  rend,  dc  I'acad.  des  sci.,  18S4 

^^Seioffo,  Cent  f  Bokt,,  xviii.  189n 

**SobemhfiiM,  Zeit  f.  Hyg..  xxv,  1897;  xxxi,  1«90. 
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scrum  over  normal  scrum  iias  not  bmi  satisfactorily  dpmonstratcd. 
Bacteria  Closely  Resembling  Bacillus  Anthracis.— In  most  labora- 
tory collections  there  arc  strains  of  true  anthrax  bacilli  so  attenuated 
that  they  are  practically  non-pathogenic.  These  do  not  differ  from 
the  virulent  strains  in  any  morphological  or  cultural  characteristics. 
Besides  such  strains  there  are  numerous  non-virulent  bacteria  cul- 


Fio.  82. — Bacillus  Subtilim.     <  Hay  Bacillus  ) 


turally  not  identical  with  Racilhis  anthracis,  bxit  resembling  it  very 
closely. 

B,  ANTHRACoiDES  (Hueppc  and  Wowf"). — A  Gram-positive  bacil- 
lus, morphologically  difforrnt  from  IV  anthracis  in  that  the  ends 
are  more  rounded.  Culturally,  somewhat  more  rapid  in  gi'owth  and 
more  rapid  in  gelatin  fluid ificat ion.  Non-pathogenic.  Otherwise 
indistinguishable  from  B.  anthracis. 

B.  RADicosus  (Wttrzel  Bacillus). — Cultivated  from  water — city 
water  supplies.    Morphologically  somewhat  larger  than  Bacillus  an- 

«  Hwppe  und  Wotyi,  Berl.  klin.  Woch.,  xvi,  1889. 
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ihracis,  and  tho  individual  bacilli  more  iiTog:ular  in  size.  Very  rapid 
fluiditioation  of  gelatin  and  grou'th  most  active  at  room  temperature. 
Non-pathogenic. 

B.  suBTiuy  (Hoy  Bacillus). — Although  not  vei-y  closely  related  to 
the  anthrax  group,  this  bacillus  is  somewhat  similar  and  conveniently 
described  in  this  oonnection.  It  is  of  importance  to  workers  with 
patliogeuic  bacteria,  because  of  the  frequency  with  wluch  it  is  found 
as  a  saprophyte  or  secondary  invader  in  chronic  suppurative  lesions. 

Morphology  and  Cultivation. — Straight  rod.  2  to  8  micra  long,  0.7 
micron  wide.  Spores  formed  usually  slightly  nearer  one  pole  than  the 
other.  Grows  in  long  chains  and  only  in  such  chains  arc  spores  found. 
It  does  not  decolorize  by  Oram's  method.  Is  actively  motile  in  young 
cultures  in  which  tlie  bacilli  are  single  or  in  pairs.  In  older  cultures 
chains  are  formed  and  the  bacilli  become  motionless.  Gelatin  is 
liquefied.  On  gelatin  and  agar  the  bacilli  grow  as  a  dry  corrugated 
pellicle.  Microscopically,  the  colonies  are  made  up  of  interlacing 
threads,  being  irregiilarly  round  with  fringed  edges.  There  is  a 
tendency  to  confluence.  The  bacillus  is  found  in  brackish  water, 
infusions  of  vegetable  matter,  etc.,  and  is  practically  non-pathogenic, 
occurring  only  occasionally  as  a  saprophyte  in  old  sinuses  and 
infected  wounds. 


CUAPTEH   XXXIX 


BACILLUS  MALLEI   AND  GLANDERS 
{Glanders  Bacifhts) 

Glanders  is  an  infectious  disease  prevalent  chiefly  among  hor8e,s. 
but  transmitted  occasionally  lo  other  domestic  animals  and  to  u»an. 
The  microorganism  causing  the  disease,  thout^li  seen  and  described 
by  several  earlier  authors,  was  first  obtained  in  pure  culture  and 
accurately  studied  by  Lucftler  and  Schiitz*  in  1882. 

Morphology  and  Staining.— The  glanders  bacilluK  or  H.  mallei 
is  a  rather  sninll  rod  \vith  rounded  ends,*  Its  leuRlh  varies  from 
3  to  4  micra,  its  breadth  from  0.5  la  0.75  micron.  Variation  in  size 
between  separate  individuals  in  i\w-  same  culture  is  diaracteristic. 
The  rods  are  usually  straight,  but  may  show  a  slight  curvature. 
The  bacillus  is  non-motile.  There  are  no  flagella  and  no  spores  are 
formed.  The  gi'ouping  of  t!ie  bacilli  in  .smeai-s  shows  notliing  very 
characteristic.  Usually  they  appear  as  single  bacilli  lying  irregularly 
parallel,  often  in  chains  of  two  or  wore.  In  old  cultures,  involution 
forms  appear  which  arc  short,  vacuolated,  and  almost  coccoid. 

While  the  glanders  bacillus  stains  rather  easily  with  the  usual 
anilin  <lyes,  it  is  so  easily  decoloriz-ed  that  especial  care  in  preparing 
specimens  must  be  observed.  Staitied  in  the  usual  manner  with 
methylene-blue,  it  shows  marked  irregularity  in  its  staining  quali- 
ties; granular,  deeply  staining  areas  alternating  with  very  faintly 
stained  or  entirely  unstained  portions.  This  diagnostically  helpful 
characteristic  has  been  variously  interpreted  as  a  mark  of  degenera- 
tion or  a  preparatory  stage  for  sponilation.  It  is  probably  neither 
of  the  two,  but  an  inherent  irregularity  in  the  normal  protoplasmic 
composition  of  the  baeillus,  not  unlike  that  of  B.  diphthcriie.  The 
bacillus  is  deonlDrized  by  <Jnim*s  niellHid  nf  staining. 

Cultivation. — The  glandei-s  bacillus  is  easily  gro^vn  on  all  of  the 
usual  lUL-at -infusion  media.    It  is  practically  indifferent  to  moderate 


*  Loejlrr  unt!  Srhutt,  Drtit.  nintl.  Woch  ,  1882. 
^LoeJHer.  Arb  n   it   knw  Ocmimlhcitijamt,  1886. 
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variations  in  reaction,  growing  eqxially  well  upon  neutral,  slightly 
acid,  or  slightly  alkaline  culture  media.  Glycerin  or  small  quantities 
of  glucose  added  to  media  seem  to  render  them  more  favorable  for 
the  cultivation  of  this  bacillus. 

Upon  agar  the  colonies  show  little  that  is  characteristic.  They 
appear  after  twenty-four  hours  at  37.6**  C.  as  yellowish-white  spots, 
at  first  transparent,  later  more  opaque.  They  are  round,  with  an 
even  border,  and  microscopically  appear  finely  granular.  The  older 
the  cultures  are,  the  more  yellow  do  they  appear. 

On  gelatin  at  room  temperature^  growth  is  slow,  grayish-white,  and 


iff    ..".>■'-" 


Fig.  83. — Glandsbs  Bacillus.    From  potato  culture.     (After  24ettnow.) 

no  liquefaction  of  the  gelatin  occurs.  Growth  upon  this  medium 
is  never  abundant. 

In  hrt>th,  there  is,  at  first,  diffuse  clouding,  later  a  heavy,  tough, 
slimy  sediment  is  formed.  At  the  same  time  the  surface  is  covered 
with  a  similarly  slimy  pellicle.  The  broth  gradually  assumes  a  dark 
brown  color. 

In  milk,  coagulation  takes  place  slowly.  In  litmus  milk,  acidifica- 
tion appears. 

The  growth  upon  potato  presents  certain  features  which  are  diag- 
nostically  valuable.  On  potatoes  which  are  not  too  acid  growth 
is  abundant  and  within  forty-eight  hours  covers  the  surface  as  a 
yellowish,  transparent,  slimy  layer.    This  gradually  grows  darker 


BACILLUS  MALL£1  AND  GLANDEH6 


789 


ifthtil  it  has  assumed  a  deep  reddish-brown  liue.  In  using  this  ftaliu'e 
of  the  growth  diagnostically,  it  miiat  not  be  forgotten  tlial  u  very 
Bimilar  appearance  upon  potato  occurs  in  the  case  of  B.  pyocyaueus. 

Biological  Considerations. — Bacillus  znallei  is  aerobic.^  Growth 
under  aniu'rohic.  conditions  may  take  placc;  but  it  is  slow  and 
impovenshed.  The  most  favorable  temperature  for  its  cultivation 
is  37.5**  C.  It  fails  to  develop  at  temperatures  below  22°  C  or  above 
43**  C  On  artificial  media,  if  kept  cool  and  in  the  dark,  and  in 
Healed  tabes,  the  glanders  bacillus  will  retain  its  viability  for  months 
and  years.  On  gelatin  and  in  bouillon,  it  lives  for  a  longer  time 
than  on  the  other  media.  Exposed  to  strong  sunlight  it  is  killed 
within  twenty-four  hours.  Heating  to  60°  C  kills  it  in  two.  horn's, 
to  75°  C.  witliin  one  hour.  Thorough  drying  kills  the  glanders 
bacillus  in  a  .short  lime.  In  water,  under  the  protected  conditions 
that  are  apt  to  prevail  in  watering-troughs,  the  bacillus  may  remain 
alive  for  over  seventy  days.  The  resistance  to  chemical  disinfectants 
is  not  very  high.*  Carbolic  acid,  one  per  cent,  kills  it  in  thirty 
minutes,  bichlorid  of  mercury,  0.1  per  cent,  in  fifteen  minutes. 

Pathogenicity. — Spontani'ous  infection  with  the  glanders  bacillus 
occurs  most  frequently  in  horses.  It  occurs  also  in  asses,  in  cats, 
and,  more  rarely,  in  dogs.  In  man  the  disease  is  not  infrequent 
and  is  usually  contracted  by  those  in  habitual  contact  ^vith  horses. 
Experimental  inoculation  is  successful  in  guinea-pigs  and  rabbits. 
Cattle,  hogs,  rats,  and  birds  are  immune  to  experimental  and  spon- 
taneous infections  alike. 

Spontaneous  infection  takes  place  by  entrance  through  the 
broken  skin,  through  the  mucosa  of  the  mouth  or  nasal  passages. 
Infection  in  horses  not  infrequently  takes  place  through  the  digestive 
tract. ^  In  all  eases,  so  far  as  we  know,  previous  injury  to  either 
the  skin  or  to  the  mucosa  is  necessary  for  penetration  of  the  bacilli 
and  the  development  of  the  disease. 

Glanders  in  horses  may  occur  in  an  acute  or  chronic  form, 
depending  upon  the  relative  virulence  of  the  infecting  culture  and 
the  susceptibility  of  the  subject.  The  more  acute  form  of  the  disease 
is  usually  limited  to  the  nasal  mucosa  and  upper  respiratory  tract. 
The  more  chronic  type  of  the  disease  is  often  accompanied  by  mul- 


^Lotffier,  loc.  cit. 

*  Finger^  Ziegler's  Beitr.,  vi,  1889. 

'  Nocarrl,  BuH,  dc  1h  soc.  rentr.  de  m^d.  v6i 
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tiple  Rwellings  of  the  akin  and  general  lymphatic  enlargement.    This 
form  is  often  spoken  of  as  *' farcy.'* 

Acute  glaiKlt'tw  in  the  horse  begins  \ioiently  with  fever  and 
prostrntiun.  After  two  or  three  days  tliere  is  a  nasal  discharge, 
at  first  Serous,  later  seropurulent.  At  the  same  time  there  is  ulcera- 
tion of  the  nnsnl  niueoHu  and  acute  swelling  of  tlic  neighboring 
lymph  nodes.    These  niuy  break  down  and  fomi  deep  pus-discharging 


Flo.  84. — OtAXOERS  Bacilu  in  TtsftPE      (From  a  drawmg  furaished  by 
Dr.  JomcB  Ewing  ) 


sinuses  and  ulcers.    Finally,  there  is  involvement  of  tlie  lungs  aiid 
death  within  four  to  six  weeks. 

When  the  disease  takes  the  chronic  form  the  onset  is  more 
graduaJ.  Concomitant  with  tJie  nasal  inflawiuatiou  there  is  a  forma- 
tion of  sul)cutaneous  s\vellings  all  over  the  body,  some  of  which 
show  a  tendency  to  break  down  and  ulcerate.  Together  with  this 
the  lymphatics  all  over  the  body  become  enlarged.  The  disease  may 
last  for  several  years,  and  occasionally  may  end  in  complete  cure. 
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In  liorsos  the  chronic  form  of  Ihr  disoaso  is  hy  far  the  more  frequent. 
In  man  the  disease  is  similar  to  tliat  of  tin*  horse  rxerpt  that  the 
point  of  origin  is  more  frequently  in  some  part  of  the  skin  mther 
than  in  the  nusal  niucosti.  and  the  clinical  syn»ptonis  differ  at'uord- 
inffly.  The  onset  is  usually  vioiont,  with  lever  and  mystemic  symp- 
toms. At  the  point  of  infection  a  nodule  appears,  surrounded  by 
lymphangitis  and  swelling.  A  general  papular  eruption  may  occur. 
The  papules  may  become  pustular,  and  the  clinical  features  may 
thus  simulate  variola*  This  type  of  the  disease  usually  ends  fatally 
in  eight  to  ten  days.  The  chronic  form  of  the  disease  in  man  is 
much  like  that  in  the  horse,  but  is  more  frequently  fatal. 

The  histological  appearance  of  the  glanders  nodules  is  usually 
one  of  diffuse  leucocytie  infiltration  and  the  formation  of  young 
collective  tissue  which  prepond.'rates  more  and  more  as  the  disease 
becomes  chronic.  Vii^chow  has  classtHi  these  lesions  with  the  granu- 
lomata.  From  the  center  of  such  nodules  B.  mallei  may  often  be 
obtained  in  pure  culture.  The  nodules  may  be  generally  distrihnted 
throughout  the  internal  organs.  The  bacilli  themselves  are  found, 
apart  from  the  nodules,  in  the  nasal  secretions,  and  occasionally  in 
tht)  circulating  blood." 

I  The  bacteriological  diagnosis  of  glanders  may  be  made  by  isolating 
and  identifying  the  bacilli  from  any  of  the  above-mentioned  sources. 
When  superficial  nodules  can  be  opened  for  the  purpose  of  diagnosis 
this  may  prove  an  easy  task.  The  most  diagnosti<'ally  helpful 
medium  in  such  cases  is  potato.  In  a  majority  of  eases,  however, 
isolation  is  extremely  difficult  and  resort  must  Iw?  had  to  animal 
inoculation.  The  most  suitable  animal  for  tliis  ]>urpose  is  the  male 
guinea-pig.  Intraperitoneal  inoculation  of  such  animals  with  ma- 
terial containing  glanders  bacilli  leads  within  two  or  three  days 
to  tumefaction  and  uurulcnt  intiammation  of  the  testicles^  Such 
an  experiment,  spoken  of  as  the  "Strauss  test,"'  should  always 
be  rein f o reed  by  cultural  examination  of  the  teKtiouliii-  pus,  the 
^lebn>  and  the  inritnni'»l  pvii.hitP  ai'  Ihr  anirnnlu  ..rnpL^yi.^l 

Toxin  of  Bacillus  mallei The  toxin  of  f$.  mallei,  or  mallein, 

belongs  to  the  class  of  endotoxins.  The  toxic  products  have  been 
invariably  obtained  by  extraction  of  dead  baeiili.'    Mallein  differs 

-t-''-^ '" '""   ^ . . '•   •    "  ' 


•  Was^Uieff,  Deut.  med.  Woch.,  1883. 

^Strauss,  Arr.h   de  mfd  exp.,  1889. 

'  Krestino.  Arch.  d.  sci  biol,  1892:  Preuser,  Bcri.  thicrfti^t.  Woch.,  1894. 
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from  many  other  bacterial  poisons  in  lieing  extremely  resistant.  It 
^vithstands  temperatures  of  120°  C.  and  prolonged  storage  mthout 
noticeable  loss  of  strength.* 

In  its  physiological  action  upon  healthy  animals,  mallein  is  not 
;i  powerful  poison.  It  can  be  given  in  considerable  doses  without 
causing  death.  Mallein  may  be  obtained  by  a  variety  of  methods. 
Helman  and  Kalning,  the  discoverers  of  this  toxin,  us^d  filtered  aque- 
ous and  glyeri'in  extracts  of  potato  cultures.  Roux*"  cultivates 
virulent  glanders  bacilli  in  flasks  containing  250  c.c.  each  of  5  per 
cent  glycerin  bouillon.  Growth  is  allowed  to  continue  at  35°  C. 
for  one  month.  At  the  end  of  this  time,  the  cultures  are  sterilized 
at  100°  for  thirty  nunutea,  and  evaporated  on  a  water  bath  to  one- 
teiilh  their  ongiual  volume.  They  are  then  tittered  through  paper. 
This  concentrated  poison  is  diluted  ten  times  with  0.5  per  cent 
carl>olic  acid  before  use.  Concentration  is  done  merely  for  purposes 
of  conservation.  The  diagnostic  dose  of  such  mallein  for  a  horse 
is  0.25  c.c.  of  the  undiluted  fluid. 

At  the  Washington  Hureau  of  Animal  Industry,  mallein  is  pre- 
pared by  growing  tiie  bacilli  for  five  months  at  37.5°  0.  in  glycerin- 
bouillon.  This  is  then  boiled  for  one  hour  and  allowed  to  stand 
in  a  cool  place  for  one  week.  The  supernatant  fluid  is  then  decanted 
and  filtered  through  clay  filters  by  means  of  a  vacuum  pump.  The 
filtrate  is  evaporated  to  one-third  its  original  volume  on  a  water 
bath,  and  the  evaporated  volume  rcsupplied  by  a  1  per  cent  Garl>olic 
aeitl  solution  containing  about  10  per  cent  of  glycerin. 

Diagnostic  Use  of  Mallein, — The  injection  of  a  proper  dose  of 
malk-in  into  a  horse  sufTcring  from  glanders  is  followed  within  six 
to  eight  hours  by  a  sharp  rise  of  temperature,  often  reaching  104° 
to  106°  F.  (40°  C.  -f ).  The  high  temperature  continues  for  Keveral 
hours  and  then  begins  gradually  to  fall.  The  normal  is  not  usually 
regained  for  several  days.  Locally,  at  the  point  of  injection,  there 
appears  within  a  few  hours  a  firm,  hot,  diffuse  swelling,  which 
gradually  extends  luitil  it  may  cover  areas  of  20  to  30  centimeters 
in  diameter.  The  swelling  is  intensely  tender  during  the  first  twenty- 
four  hours,  and  lasts  for  throe  to  nine  days.  Together  with  this 
there  are  marked  symptoms  of  general  intoxication.  In  normal 
animals  the  rise  of  temperature  following  an  injection  is  trifiing, 


*  Wlatiimiroff,  in  Kraiu  und  Levadtti,  "Handbuch/'  etc,  1908. 
»  Soui  el  Nocard,  Bull.  d.  L  boc.  ecntr   v««  1892. 
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and  the  local  reaction  is  much  smaller  and  more  transient.  Injec- 
tions are  beat  made  into  the  breast  or  the  side  of  the  neek. 

The  directions  given  by  the  United  States  Government  for  using 
mallein  for  the  diagnosis  of  glanders  in  horses  arc  as  follows: 

**Make  the  test,  if  possible,  with  a  healthy  horse,  as  well  as  with 
one  or  more  affected  or  supposed  to  be  affected  with  glanders.  Take 
the  temperature  of  all  these  animals  at  least  three  times  a  day  for 
one  or  more  days  before  making  the  injections. 

'*Tho  injection  is  most  conveniently  made  at  6  or  7  o'clock  in 
the  morning,  and  the  maximum  temperature  Avill  then  usually  be 
reaehed  by  or  before  10  P.M.  of  the  same  day. 

'  *  Use  for  each  horse  one  cubic  centimeter  of  the  mallein  solution 

sent  out,  and  make  the  injection  beneath  the  skin  of  the  middle 
ti  one  side  of  the  neck,  where  the  local  swelling  can  be  readily 
letected. 

"Carefully  sterilize  the  syringe  after  injecting  each  liorse  by 

[flaming  the  needle   over  an  alcohol   lamp  or,   better,   use   separate 

ringes  for  healtliy  and  suspected  animals.     If  the  same  syringe 

used,  inject  the  healthy  animals  fii*st,  and  flame  the  needle  of 
lie  syringe  after  each  injectiou. 

"Take  the  t'^mi>erature  every  two  hours  for  at  least  eighteen 
••hourB  after  the  injection.  Sterilize  the  thermometer  in  a  5  per  cent 
sohition  of  carbolic  acid,  or  a  0.2  per  cent  solution  of  corrosive 
subliniate,  after  taking  the  temperature  of  each  animal. 

"The  temperature,  as  a  rule,  will  begin  to  rise  from  four  to  eight 
hours  after  the  injection,  and  reach  its  maximum  from  ten  to  sixteen 
liours  after  injection.  On  the  day  suceeeding  the  injection  tako 
the  temperature  at  least  three  times. 

"lii  addition  to  the  febrili^  reaction,  note  the  size,  appearance, 
and  duration  of  any  local  swelling  at  the  point  of  injection.  Note 
the  general  condition  and  symptoms  of  the  animal,  both  before, 
during,  and  after  the  test. 

"Keep  the  solution  in  the  sealed  bottle  and  in  a  cool  place,  and 
do  not  use  it  when  it  is  clouded  or  if  it  is  more  than  six  weeks 
old;  xvhen  it  leaves  the  laboratory  of  the  Bureau  it  is  sterile." 

If  the  result  of  first  injection  is  doubtful,  the  liorse  should  be 
isolated  and  retested  in  from  one  to  three  months,  when  the  slight 
immunity  conferred  by  the  first  injection  will  have  disappeared. 
The  second  injection  into  healthy  horses  usually  shows  no  reaction 
whatever. 


794 


PATUOGfcNlC  MlCllOOUGANliJMli 


Mallcin  may  pause  reactions  in  the  presence  of  otlior  diseases 
than  glandt'i's,  hucIi  as  broucliitis,  perijKtitLH.  and  other  iu£ammiitory 
leHioiis  and  is  not  so  speciiieally  valuable  as  tuberculin  for  diagnosis. 

Complement  Fixation  in  Glanders. — Diagnostic  complement  fixa- 
tion fur  the  diagnosis  of  glanders  has  been  developed  by  MeN'eil 
and  Olmstead  at  the  New  York  Department  of  Health.  The  antigen 
is  made  by  growing  the  glandci-s  bacilli  on  a  1.6  per  cent  glycerin 
potato  agar.  From  this  stock  cultures  transplanted  are  made  upon 
a  neutral  meal-free-veaUpeptonc  agar.  Twenty-four-hour  growths 
arc  washed  oiT  with  distilled  water  sterilized  at  80°  i\  for  four  hours 
and  filtered  tlirough  a  Bcrkcfeld.  After  filtration  the  antigen  must 
again  be  sterilized  at  80°  for  one  hour. 

Immunity. — Recovery  from  a  glanders  infection  does  not  confer 
immimity  against  a  second  inoculation.**  Artificial  active  immuniza- 
tion has  been  variously  attempted  by  treatment  with  attenuated 
cultures,  with  dead  bacilli,  and  with  mallein,  but  without  convincing 
results. 

The  serum  of  subjects  sufTcring  from  glanders  contains  specific 
agglutinins."  These  are  of  great  importance  diaernostically  if  the 
tests  are  made  with  dilutions  of,  at  least,  1  in  500,  since  normal 
horse  serum  may  agglutinate  B.  mallei  in  dilutions  lower  than  this. 


"  Finpfr,  Zicgler'a  Bcilrftge,  vi,  1S99. 
^Oaltier,  Jour,  de  m6d.  v6t.,  1901. 


CHAPTER   XL 

THE  BACILLUS  MEUTENSIS  (MICROCOCCUS  MEUTEN8IS),  BACILLUS 
BRONCHISEPl'ICUS,  BAC1LLU8  OF  CATTLE:  ABORTION,  BACIIXUS 
OF  GUINEA-PIG  PNEUMONU,  AND  THE  BACILLUS  FVOCVANEUS. 

MALTA  FEVEE  AND  THE  BACILLUS  MELITENSIS 

MaIiTA  fever  probably  has  its  endemic  focus  in  the  Mediterranean 
islands  and  along  the  Mediterraiieaa  coast.  From  here  it  appears 
to  have  spread  into  continental  Europe.  France,  Italy  and  Spain 
and  into  tlie  Balkans.  Xatui'ally  enou(?h  it  has  been  found  to  occur 
in  Northern  Africa  and  cases  liavc  been  reported  alon^  tlic  East 
African  coast.  Castellani  and  Chalmers'  state  that  it  has  also  been 
found  iu  parts  of  Russia,  in  South  Africa,  in  Uganda,  China  and 
the  Philippines  and  in  North  and  South  America  and  in  the  West 
Indies.    Castellani  also  has  reported  cases  from  Ceyhm. 

It  appears,  thus,  that  the  disease  is  very  widely  distributed,  but 
centralizes  cliietiy  about  the  Mediterranean,  being  most  common  in 
the  warmer  temperate  and  subtropical  climates.  Studies  on  its  dis- 
triixition  have  been  made  particularly  by  iiassetl-Smilh,-  who  has 
mapped  its  distnbution  throughout  the  world.  A  reproduction  of 
his  map  nmy  be  found  in  Castellani  and  Chalmer's  book. 

Morphology. — The  micrococcus  mclitcmU  is  an  extremely  small 
bacterium  which  lias  been  described  both  as  a  bacillus  and  a  coccus. 
It  has  been  the  custom  of  bacteriologists  who  have  studied  it  more 
recently  to  regard  it  as  a  bacillus  aud  speak  of  it  as  tlie  liaeillus 
Melitensis.  Eyre'  describes  it  as  an  extremely  small  coccus  which 
has  bacillary  forms  on  various  media  which  he  refrards  as  involution 
forms.  It  is  Gram-negntivn  and  non-motile  and  doc-s  not  form  spores. 
In  cidtures  it  appears  both  singly  and  in  short  chains  of  two  or 
more.    Chains  of  any  considerable  length  are  uncommon. 


*  CasUUani  and  Chalmern,  Textbook  of  Tropical  Medicine,  WilUam  Wood  Sc  Co., 
N.Y.,  1919. 

*  BttBKU-SmUh,  British  Med,  Jour..  2.  mw. 

*  ^jfre,  Kolle  and  Wassermann  Handb  ,  Second  Edition,  Vol.  4,  421. 
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Cultivation. — The  organism  can  usually  be  cultivated  from  the 
spleens  of  those  who  have  died  of  the  disease,  or  by  spleen  puncture, 
11  method  by  which  Bruce*  obtained  it  in  his  early  studies.  It  can 
also  be  obtained  from  the  blood  stream  in  active  cases,  from  the 
urine  and  from  the  milk  of  infected  guats.  Eyre  states  that  the 
optimum  is  at  37°  C.  and  that  it  will  grow  but  sliglitly  and  slowly 
on  media  at  room  temperature  at  20°  or  thereabout.  It  will  grow 
both  aerobically  and  under  conditions  of  limited  anaerobiosis. 
Growth  is  relatively  slow  and  does  not  become  luxuriant  for  three 
days  or  more.  It  does  not  seem  to  be  very  delicate  in  its  nutritive 
requirements  and  has  been  cultivated  on  most  of  the  ordinary  media. 
It  will  grow  on  gelatin  without  liquefying  the  gelatin.  Its  growth 
on  potato  is  hardly  visible. 

Animal  Pathogenicity. — According  to  Eyre,  the  R.  melitensis  is 
pathogenic  for  almost  all  laboratory  animals,  although  it  may  take 
a  very  long  time  to  kill.  Eyre  states  that  guinea  pigs  will  live 
for  as  long  as  100  or  more  days  after  an  injection  of  B.  melitensis, 
but  that  the  virulence  of  the  organism  can  be  greatly  enhanced  by 
animal  passage.  It  spontaneously  infects  goats  which,  as  we  shall 
see,  Ls  an  important  point  in  its  epidemic  I  og>',  and  apparently  it  may 
similarly  infect  liorses,  eattle  and  sheep. 

The  Disease. — In  a  number  of  ways,  Malta  fever  is  similar  to 
typhoid  fever.  It  probably  gets  into  man  in  most  cases  by  way  of 
moutli,  passing  from  the  mucous  membrane  of  the  intestinal  canal 
into  the  blood  without  causing  any  considerable  lesions.  A  bac- 
teriemia  follows  during  which  there  is  a  typhoid  fever-like  tempera- 
ture and  an  enlarged  spleen.  The  incubation  time  seems  to  be  about 
two  weeks,  and  the  onset  of  the  disease  in  its  generalized  symptoms 
again  has  the  indefinite  charactei-s.  malaise,  headache,  etc.,  that  are 
associated  with  typhoid.  There  is  no  Icucocytosis  and  a  relative 
lymphocytosis.  Usually  casi-s  are  protracted,  the  disease  passing 
through  a  prolonged  febrile  period,  lasting  two,  three,  or  four  weeks. 
There  may  be  acute  cases  in  wliich  the  onset  is  sudden  and  the 
course  of  tlie  disease  violent. 

Secondary  s>Tnptoms  may  consist  in  neuritis,  paretichymatous 
nephritis  and  pulmonary  congestion,  arthritis  and  orchitis. 


*  Brucf,  Praotirioner,  1887. 
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Diagnosis  can  be  made  by  agglutination  and  isolation  of  the 
organisms.  According  to  Wright  and  Semple»*  Bassett-Smith,  Eyre" 
and  others,  the  agglutinins  in  the  blood  are  very  high  and  may  be 
detected  in  dilutions  of  1:1,000  or  over,  even  as  early  as  the  end 
of  the  first  week. 

Blood  cultures  may  be  positive  very  early  in  the  disease.  Later, 
the  or^nisina  appear  in  the  urine. 

Epidemiology. — It  seems  to  be  unquestionable  at  the  present  time 
that  the  disease  is  transmitted  chiefly  by  the  ingestion  of  the  milk 
of  infected  goats,  and  according  to  Eyre  the  g<^al  is  the  natural 
host  of  the  infection,  keeping  the  disease  going  in  endemic  regions. 
Apparently  a  very  large  percentage  of  the  goats  in  infected  regions 
are  infected.  According  to  Castellani  and  Chalmers  in  Malta  50 
per  cent  of  the  goats  are  infected,  and  in  parts  of  Xorthern  Africa 
the  percentage  of  infection  in  goats  as  indicated  by  various  re- 
searches ranges  from  less  than  4  to  34  per  cent. 

Since  goats'  milk  is  a  common  human  food  in  these  regions,  the 
spread  of  the  disi^ase  by  this  means  is  natural. 

There  are  probably  carriers  among  goats  and  hiuuan  beings  that 
recover.  Among  other  forms  of  transmission,  direct  infection  from 
individual  to  individual  probably  takes  plaee»  and  indirect  infection 
through  food  and  flies  is  not  out  of  question. 

It  has  been  suggested  that  mosquitoes,  too,  may  transmit  the 
disease  and  Eyre  states  that  it  has  been  possible  to  demonstrate 
the  organisms  in  the  stomachs  of  a  number  of  diflerent  mosquito 
species. 

However,  it  seems  quite  clear  that  the  most  important  method 
of  transmission  is  by  means  of  infected  nulk. 

Inmninity. — It  is  the  general  belief  that  one  attack  of  Malta 
fever  protects  against  a  second  attack.  However,  there  are  a  great 
many  cases  in  which  the  fever  recurs  several  times  in  the  same 
individual  in  the  form  of  relapses  and  recrudescences.  The  inter- 
missions between  such  attacks  often  last  for  months.  Prophylactic 
vaccination  has  not  yet  been  carried  out  on  a  sufficiently  large  scale 
to  permit  the  formulation  of  conclusions. 


*  Wriifkt  &nd  Semple,  Jjoncet,  656,  1897. 

•^yre,  etc. ,  Report  of  the  Mpditermnean  Fcvft  Commission,  1007. 
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B.  Bronchisepticus. — Prior  to  1910  a  great  deal  of  inconclusive 
work  was  done  on  canine  distemper,  but  in  this  year  Ferry^  published 
a  preliminary  paper  in  which  he  reported  the  isolation  of  a  bacillus 
whii*h  was  often  present  in  pure  culture  in  the  smaller  bronehii  and 
the  traeheie  of  dogs  killed  early  in  the  disease.  At  almost  the 
same  time,  and  independently  of  Ferry,  MeOuwan*  reported  similar 
observations.  Soon  after  this  the  subject  was  very  thoroughly 
studied  by  Torrey  and  Kahe.^  The  H.  broncliisepticua  was  described 
as  a  short,  (iram-ncgative  organism,  occasionally  coccoid  in  appear- 
ance, slowly  motile,  Avhich  grows  very  slowly  at  first  isolation^  the 
colonies  being  hardly  visible  on  agar  in  twenty-four  hours  but 
definitely  visible  in  forty-eight  hours.  It  grows  well  on  glycenn 
agar,  will  grow  at  20°  mth  an  optimum  at  about  37.5°.  It  is  not 
an  obligate  aerobe,  but  grows  poorly  without  oxygen.  It  does  not 
liquefy  gelatin.  It  renders  broth  uniformly  turbid  with  a  slight 
deposit  and  no  pellicle.  No  acid  or  gas  is  formed  on  carbohydrate 
media,  and  the  media  are  rendered  slightly  alkalin  in  the  course  of 
four  or  five  days.  Torrey  could  determine  no  indol  formation.  The 
typical  media,  according  to  McCJowan,  Ferry  and  Torrey  are  litmus 
milk  and  potato.  Torrey  states  that  the  use  of  these  two  media 
ftlone  is  sufficient  for  identifiealion  in  the  hands  of  a  practiced 
observer. 

On  litmus  milk  it  grows  like  the  B.  fecalis  alkaligenes.  There 
is  a  progiTssive  alkalinizalion,  and  after  about  twenty-four  hours 
at  SI**  a  ring  of  deep  blue  appears,  extending  about  3/8  inch  from 
the  surface.  In  from  five  to  ten  days  the  whole  medium  has  assumed 
a  blue-black  color.  On  potato  in  twenty-four  hours  a  marked  yel- 
lowish-brown growth  appears  with  sometimes  a  greenish  darkening 
uf  the  potato.  In  this  rcspeet  again  it  is  very  simitar  to  IJ.  feealis 
alkaligenes.  Torrey  also  reports  that  the  organism  produces  a 
hemolysin  for  rabbit  and  guinea  pig  cr>'throcytes.  He  .states 
that  typical  distemper  can  be  induced  in  susceptible  dogs  by  injec- 
tion with  pure  cultures,  and  dogs  which  have  recovered  from  attacks 
indueed  by  the  bacillus  are  protected  by  exposure  to  the  disease  in 
other  dogs. 


»  Ffrrjf,  Amftr  VeterinAry  Review,  499,  IfllO  (quot«d  from  Torrey)  Jour.  Infec. 
Dis.,  8.  1911,399. 

•  McGotmn,  Jour  Path,  and  Bact^ir.,  15,  1911,  372  and  1916,  257. 

•  Torrey  and  Rah^;,  Jour  Med  Res.,  27,  1912,  291. 
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Bacillus  of  Cattle  Abortion  (B.  Abortus  of  Bang). — We  have 

already  nieulioued.  in  speaking  of  the  organiKHi  which  causes  abor- 
tion in  mares,  that  there  was  another  bacillus  described  by  Bang^° 
in  1897  which  was  found  by  Iiiiu  to  be  the  etiological  factor  in 
abortion  of  cattle,  but  which  was  distinctly  different  from  that 
Bul)sequently  found  by  Smith  and  others  in  the  analogous  disease 
of  horses.  This  organism  has  been  observed  by  a  great  many  writers 
since  Bang,  and  it  was  Smitli  who  first  pointed  out  its  similarity 
to  the  B.  bronchiseptieus  of  canine  distemper  and  to  a  hacillus 
which  causes  epidemic  pneumonias  in  guinea  pigs.  Alice  Kvans^* 
subsequently  pointed  out  the  siiuilarity  of  B.  Abortus  and  of  B. 
bronchiseptieus,  to  the  B.  melitensis  which  causes  Malta  fever. 
Evans'  description  of  Bacteriuju  Abortus  as  studied  from  strains 
obtained  by  the  Dairy  Division  of  the  Bureau  of  Animal  Industry, 
United  States  IX^partment  of  Agriculture,  is  as  follows: 

It  is  a  short,  slender  pleomorpliic  rod  with  rounded  ends,  some- 
times so  short  as  to  appear  coccoid.  Obtained  from  the  condensa- 
tion water  of  a  twenty-four  hour  culture  on  agar,  it  is  non-motile 
and  does  not  form  spores.    It  is  (! ram-negative. 

It  is  difQcult  to  grow  on  artificial  media  on  first  isolation,  and 
in  these  early  cultures  its  growth  is  favored  by  partial  anairobiosis, 
which  ICvans  ohtnincd  by  incubation  in  a  closed  jar  in  the  presence 
of  cultures  of  B.  subtilis.  <Uyceria  or  scrum  agar  are  favorable 
media  for  isolation,  but  after  prolonged  cultivation  it  grows  well 
on  ordinary  media.  Colonies  on  agar  plates  develop  after  about 
two  days  in  very  small  dewdrop  form.  It  never  heavily  clouds 
broth.  Milk  is  rendered  slightly  alkaline.  On  potato  there  is  a 
sliglit  gi-ayish  brown  growth  after  several  days,  and  subsequently, 
the  brownish  tinge  discolors  the  potato  itself.  It  forms  no  acid 
or  gas  on  any  of  the  sugars,  but  slightly  reduces  the  hydrogen  ion 
coneentratiou  of  broth  cultures.  It  produces  ammonia  from  amino 
acids  such  as  asparagin.    It  docs  not  liquefy  gelatin. 

It  is  easily  distinguished  frnm  B,  bronchiseptieus  by  its  lack  of 
motility,  and  less  rapid  and  ubundant  t^rowth  on  artificial  media,  as 
well  as  by  aj^ghitination  reactions.  Evans  states  from  her  studies 
that  B.  melite)\sis  is  closely  related  to  B,  abortus  and  can  be  dis- 
tinguished from  it  only  by  means  of  agglutination  tests.    Fleischner, 


»«  Batig.  Zeit.  f.  Tier  Med  ,  1,  1897,  241. 
"  Svana,  Jour.  Infec.  Dia.,  22.  1918.  680. 
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Meyer  and  Shaw*'-'  have  recently  examined  skin  reactions  in  connec- 
tion with  H.  abortus  liovis  and  B.  melitensis,  and  claim  tiiat  this 
method  establishes  a  very  close  association  between  the  two. 

Of  great  importance  to  the  sanitarian  is  the  fact  that  the  B. 
abortus  may  appear  in  the  milk  of  cattle  that  have  aborted  and 
may  also  be  present  in  the  milk  of  cattle  that  are  carriers  and  have 
suffered  no  abortion  themselves.  Cotton*'  has  showTi  that  the  Bacil- 
lus may  persist  in  the  genital  organs  for  forty-six  days  after  abortion 
has  taken  place.  From  the  studies  of  Schroeder  and  Cotton/* 
Stafseth"*  and  others,  it  appears  that  the  B.  abortus  does  not  es- 
tablish itself  permanently  in  the  uterine  cavity,  and  Stafseth*s 
recent  investigations  seem  to  show  that  it  does  not  penetrate  into 
the  deeper  layers  of  the  mucous  membrane  and  remain  there  as  a 
latent  infection. 

Theobald  Smith'*  in  1912  called  attention  to  the  tubereulosia- 
likc  lesions  in  guinea  pigs  caused  by  B.  abortus,  a  subject  which 
later  was  studied  in  more  dftail  by  Smith  and  FaUyan.'"  Fabyan, 
as  well  as  Schroeder  demonstrated  the  presence  of  the  B.  abortus 
in  milk  by  guinea  pig  injection.  Characteristic  lesions  not  unlike 
tubercles  developed  in  such  animals  in  al>out  eight  to  ten  weeks,  and 
Kvans  found  the  Bacillus  in  the  milk  of  six  out  of  twenty-foup 
cows  that  had  not  aborted.  Iltiddleson**  has  recently  studied 
methods  of  isolating  B.  abortius  from  milk,  other  than  by  guinea- 
pig  injection.  He  uses  a  liver  or  spleen  infusion  agar,  developed 
by  Stafsetb,  a  medium  in  the  preparation  of  which  overhoatinR  and 
filtration  through  paper  is  avoided.  The  optimum  hydrogen  ion 
concentration  is  P^  6.6.  He  adds  to  this  mediiim  gentian  violet 
to  a  final  concentration  of  1:10.000.  Ten  c.c.  of  milk  is  ecntrifuged 
at  2.000  revolutions  for  about  two  liours.  0.1  c.c.  of  the  sediment 
is  taken  out  with  a  capillary  pipette  and  distributed  over  the  surface 
of  a  gentian  violet  agar  plate.  These  plates  are  incubated  in  jars 
in  which  about  10  per  cent  of  the  air  has  been  displaced  by  CO,. 


'*  Fleiaehner,  Sfejfcr  and  Shntr,  Rep  Htx)per  FoiindHtion,  Univ.  of  Calif.,  4,  1918, 
**CotUm,  Amer  VeU?r.  Rev.,  44,  1913.  .107 

"  ScAwmIct- and  CoWon,  Jour  AmerVptAiwoo  ,3,  1016,  QuotMlfromSUfseth  (3) 
"iWa/«rtA,  Stud,  of  Infectious  Abortion,  Mich.  Agric  Collejie,  40,  1920, 
^*  Smith,  Tht'otiaiti,  Footnofe  in  jirtiele  by  Cotton,  quot.  from  Fabyn,  Jour.  Med. 
Res.,  28,  So,  ldl3 

^'SmUh  and  Fabyan,  Cent.  f.  Bukt  Orin..  01,  1912,  549. 

»  HuddUMJi,  Mirh  Agric    College  Exper.  Station,  46,  Sov   1920.  25. 
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By  this  method  he  was  able  to  obtain  restilts  comparable  in  regularity 
to  guiiua-pig  inociUation,  and  obtained  cultures  in  about  four  daya 
as  against  eight  weeks  by  the  guinea*pig  inoculation. 

It  is  important  in  making  routine  guinea-pig  iujectiona  of  milk 
for  the  determination  of  tuberculosis  to  remember  the  warning  of 
Theobald  Smith'*  and  not  to  jump  at  conclusions  from  mere  gross 
appearance  at  autopsy  of  the  animals. 

Whether  or  not  the  presence  of  B.  abortus  in  milk  is  a  danger 
to  man  is  not  certain,  but  it  seems  possible  that  the  organism  may 
cause  diarrheal  and  perhaps  other  diseases,  and  the  milk  of  aborted 
cattle  should  not  be  used  for  some  time  after  abortion,  and  perhaps 
subjected  to  bacteriological  teat. 

The  striking  similarity  descinbed  by  Evans  and  others  of  the 
B.  abortus  of  cattle  and  the  B.  mclitensis.  taken  together  with  the 
fact  recently  observed  that  other  animals,  especially  the  goat,  may 
be  infected  by  the  B.  melitensis,  suggests  the  possibility  of  human 
pathogenicity  for  B.  abortus,  though  at  the  present  time  this  can 
be  mentioned  merely  as  a  conjecture  and  a  subject  for  inquiry. 

Bacillus  of  Guinea-Pig  Pneumonia.— In  1914  Theobald  Smith^ 
called  attention  to  a  minute  motile  bacillus  originally  described  by 
Tartakowsky  which  he  found  to  be  the  cause  of  epidemic  pneumonia 
in  gnineu-pigs.  Hv  found  it  to  be  similar  to  the  organism  described 
by  Strade  and  Traina  as  the  B.  pneumoniae  caviarura  and  Selter's 
B.  caviae  septicua.  This  organism  he  identified  with  the  B.  bron- 
chisepticus  of  McOowan.'*  He  describe*  the  bacillus  of  guinea-pig 
pneumonia  as  follows: 

It  is  a  minute  rod  with  rounded  ends.  From  agar  slants  it 
measures  a1x)ut  0.7  micron  in  length  and  about  0.5  micron  broad 
Longer  rods  are  occasionally  seen.  The  organisms  stain  solidly  and 
are  pram-negative.  They  arc  rapidly  motile.  They  grow  moderately 
well  on  gelatin  at  room  temperature,  but  do  not  liquefy  the  gelatin. 
On  potato  tlie  bacillus  makes  a  rich  yellowish-brown  color  appearing 
within  a  week.  It  clouds  broth  within  twenty-four  hours,  making 
a  delicate  iridescent  membrane  on  the  surface  after  prolonged  growth. 
Later,  a  ropy  deposit  appears.  It  makes  no  visible  change  on  milk. 
It  does  not  produce  indol.     It  Ls  strictly  aerobic  and  on  sugar  media 


^  Smith,  Jimr   Expcr   M«l .  30,  I.  325,  1919 

^  Smith,  Theobald,  Jyur.  Med.  Res..  29,  1914,  291. 

"JtfrGoraii,  Jour.  Path,  and  Bact.,  15,  191U.  37g. 
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does  not  produce  gas  or  acid,  but  r<»ndors  broth  .slowly  alkalin. 
He  states  that  in  its  bio-chomical  aspects  it  approaches  the  pyo- 
cyaneoiis  group,  especially  iii  regard  to  its  strict  aerobiosis  and  its 
lack  of  activity  on  sugars.  In  this  respect.  Smith  calls  attention 
to  the  fart  tliat  it  is  similar  to  the  bacillus  o*'  cattle  abortion.  Smith 
coinpuri'd  the  organiMn  with  a  culture  of  the  B.  bronchisepticus  sent 
hini  by  Torrey  wliieh  was  supposed  to  bo  the  cause  of  distemper 
in  dugs,  and  found  that  his  bacillus  ugreeci  witli  Torrey 's  strain 
in  every  particular,  in  regard  to  morphology  and  cultural  char- 
aetcristirs. 

He  also  identified  his  guinea-pig  bacillus  with  an  organism 
observed  by  Mallory  in  the  ciliated  epithelium  of  the  air  tubes  in 
fatal  cases  of  Avhooping  cough. 

In  his  description  of  the  growth  of  his  guinea-pig  organism  on 
potato,  Smith  calls  attention  to  the  aimilarity  of  this  baeillua  to 
the  urowtli  on  pittato  of  the  bacillus  of  cattle  abortion  of  Bang. 

Bacillus  Pyocyaneus. — It  is  a  matter  of  common  surgical  ex- 
perience that  many  suppurating  wounds,  especially  sinuses  of  long 
Htanding,  discharge  pus  which  is  of  a  bright  green  color.  The  fact 
thai  this  peculiar  type  of  purulent  inflammation  is  due  to  a  specific 
tfhromogrnic  microorganism  was  first  demonstrated  by  Gessard"  in 
1S82.  The  l»acillns  which  was  dcseribed  by  Oessard  has  since  become 
\\\v  subject  of  much  careful  research  and  has  been  shown  to  hold  a 
not  uiiini  port  ant  place  among  pathogenic  bacteria." 

Morphology  and  Staining. — Bacillus  pyocyaneus  is  a  short  rod, 
usually  MtnviRhl,  occasionally  slightly  curved,  measuring,  according 
tn  KUIkk***  aImiuI  1  to  2  micra  in  length  by  about  0.3  oC  a  micron 
In  thickucfM.  The  bacilli  are  thus  small  and  slender,  but  are  subject 
tu  eounidorahlc  variation  fn»m  the  measurements  given,  even  in  one 
aiui  the  jiariic  culture.  While  ordinarily  single,  the  bacilli  ma>'  be 
At'i'AUtfxHl  end  to  end  in  short  chains  of  tAvo  and  three.  Longer 
rhnUiN  may  excei)tionally  be  formed  upon  media  which  arc  especially 
uutuvot-uhic  for  Its  growth,  such  as  very  acid  media  or  those  con- 
UikltUM  NlitUeptirn. 

M|HiiH'«  urv  not  found.  The  bacilli  are  actively  motile  and  possess 
Mv^h  u  Hn\|{U'  tUgi*llum  placed  at  one  end. 

melllutt  pyoevaneus  is  stained  easily  wdth  all  the  usual  dyes,  but 
|l|(t     '    '  rd  by  tirnni's  method.    Irregular  staining  of  the  bacillary 

\'^im  k\v  P»ri«,  J»82. 
t^k  lunUtltp  pywcyantqup, "  P«ri«,  1889. 


THE  BACIIXUS  PYOCYANEUS 


803 


body  13  pommor,  but  is  always  an  indicniion  nf  dogmoration,  and 
not  B  normal  characteristic,  as,  for  instance,  in  the  diphtheria  group. 

Cultivation. — The  pyocyaneus  baeillns  is  aerobic  and  faculta- 
tively anaerobic.  It  can  be  adapted  to  absolutely  anaerobic  environ- 
ments^ but  does  not  produce  its  characteristic  pipnont  without  the 
free  access  of  oxygen.  The  bacillus  grows  readily  upon  the  usual 
lal>oratory  media  and  is  not  very  sensitive  to  reaction,  growing 
equally  well  upon  moderately  alkaline  or  acid  media.  Development 
takes  place  at  temperatures  as  low  as  18*  to  20*  C,  more  rapidly 
and  luxuriantly  at  37.5"  C. 

On  agar  slantSf  growth  is  abundant  and  confluent,  the  surface  of 
the  agar  being  covered  by  a  moist,  grayish  or  yellowish,  glistening, 
even  layer.  The  pigment  which  begins  to  become  visible  after  about 
eighteen  boure  soon  penetrates  the  agar  itself  and  becomes  diffused 
throughout  it,  giving  the  medium  a  bright  green  fluorescent  appear- 
ance* which  grows  darker  as  the  age  of  the  eidture  increases. 

In  gelatin  sfabs^  growth  takes  place  much  more  rapidly  upon  the 
surface  than  in  tlie  depths.  A  rapid  liquefaction  of  the  gelatin  takes 
place,  causing  a  saucer-shaped  depression.  As  this  deepens,  pigment 
begins  to  form  in  the  upper  layers,  often  visible  as  a  gi*eeiiish  pellicle. 

In  gelatin  plates,  the  colonies  have  a  characteristic  appearance. 
They  are  round  and  are  composed  of  a  central  dense  zone,  and  a 
peripheral,  loosely  granular  zone,  which  extends  outward  into  the 
peripheral  fliudified  area  in  a  fringe  of  fine  filaments.  When  first 
appearing,  they  are  grajnsh  yellow,  later  assuming  the  characteristic 
greenish  hue. 

In  broth,  growth  is  rapid  and  chiefly  at  the  surface,  forming  a 
thick  pellicle.  Below  this,  there  is  moderate  clouding.  The  pigment 
is  formed  chiefly  at  the  top.  In  old  cultures  there  is  a  heavy  floc- 
culent  precipitate.  In  fluid  media  containing  albuminous  material, 
strong  alkalinity  is  produced. 

On  potato,  growth  <leveloi)s  readily  and  a  deep  brownish  pigment 
appeal's,  which  is  not  unlike  that  produced  by  H.  mallei  upon  the 
same  medium. 

Milk  is  coagulated  by  precipitation  of  casein  and  assumes  a  yellow- 
ish-green hue.  In  older  cultures  the  casein  may  again  be  digested 
and  liquefied. 

The  pijn^ient  of  Bacillus  pyocyaneus  has  been  the  subject  of 
much  investigation.     It  was  shown  by  Charrin"  and  others  that 

*  Chorrin,  loc  cH. 
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this  pigment  had  no  relation  to  the  pathogenic  properties  of  the 
hacillus.  It  is  found  in  cultutx>s  as  a  colorless  leukohaso  which 
assumes  a  green  color  on  the  addition  of  oxygen.  Conversely.  th« 
typical  green  '*pyocyamii/'  as  the  pigment  is  called,  may  be  de- 
colorized by  reducing  substances.  This  explains  the  fact  that  it  is 
not  found  in  cultures  sealed  from  the  air.  Pyocyanin  may  be 
extracted  tram  cultures  with  chloroform  and  crystallized  out  of 
such  solution  in  the  form  of  blue  stellate  crystals.  These,  on  chemical 
analysis,  have  been  found  to  belong  to  the  group  of  aromatic  com- 
pounds, with  a  formula,  according  to  Ledderhose.*^  of  C,<H,,X.O. 

Besides  pyocyanin,  Bacilliis  pyoeyaneus  produces  another  pig- 
ment which  IS  Buorescent  and  insoluble  in  chloroform,  but  soluble 
in  water.-**  This  pigment  is  common  to  other  fluorescent  bacteria, 
and  not  peculiar  to  Bacillus  pyoeyaneus.  The  reddish-brown  color 
aeen  in  old  cultures"  and  supposed  by  some  writers  to  be  a  third 
pigment,  is  probably  a  derivative  from  pyocyanin  by  chemical 
change. 

Chloroform  extraction  of  pyocyanin  from  cultures  may  serve 
occasionally  to  distinguish  the  pyoeyaneus  bacilli  from  other  similar 
fluorescent  bacteria.  Krnat  has  claimed  that  there  are  two  types  ot 
B.  pyoeyaneus^  an  a-type  which  produces  only  the  fluorescent,  water- 
soluble  pigment,  and  a  ^-type  which  produces  both  this  and  pyo- 
cyaoin." 

Pathogenicity. — Bacillus  pyoeyaneus  is  one  of  the  less  virulent 
pathogenic  Ijacteria.  It  is  widely  distributed  in  nature  and  may  be 
found  frequently  as  a  harmless  parasite  upon  the  skin  or  in  the 
upper  respiratory  tracts  of  animals  and  men.  It  has.  however,  occa- 
aionally  been  found  in  connection  with  suppurative  lesions  of  various 
parts  of  the  body,  often  as  a  mere  secondary  invader  in  the  wake 
of  another  ineitant,  or  even  as  the  primary  cause  of  the  inflam- 
mation. In  most  cases  where  true  pyoeyaneus  infection  has  taken 
place,  the  subject  is  usually  one  whose  general  condition  and  resist- 
ance are  abnormally  low."  Thus  pyoeyaneus  may  be  the  cause  of 
chronic  otitis  media  in  ill-nourished  children.    It  has  been  cultivated 


^Ledderhoat,  quoted  from  BoUnd,  Cent.  f.  Bftkt.,  zxv,  1SS9 

'*  Boland,  loc.  cit. 

*'OrMord.  Ann.  dp  Pinst.  Pasteur,  1890,  IS91,  and  1892. 

■Knwr,  Zcit.  f.  Hyg,,  ii,  1887. 

^Bohner,  Cent.  f.  Bakt.,  zi,  1892. 
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out  of  the  stools  of  children  suffering  from  diarrhea,  and  has  been 
found  at  autopsy  generally  distributed  throughout  tiie  organs  of 
children  dead  of  gastro-enteritis.^'^  It  has  been  cultivated  from  the 
spleen  at  autopsy  from  a  case  of  general  sepsis  following  mastoid 
operation.  The  bacillus  lias  beeu  found,  furthermore,  during  life 
in  pci-icardial  exudate  and  in  pus  from  liver  abscesses.** 

Brill  and  Libman,^^  as  well  as  l-'inkolstein.^'  have  exdtivated 
B.  pyocyaaeus  from  the  blood  of  patients  suffering  from  general 
sepsis.  Waascrmann'*  showed  the  bacillus  to  have  been  the 
etiological  factor  in  an  epidemic  of  umbilical  infections  in  new-born 
children.  Similar  examples  cfc  IV  pyocyaucus  infection  in  human 
beings  might  be  enumerated  in  large  numbers,  and  there  is  no  good 
reason  to  doubt  that,  \indei'  given  conditions,  fatal  infections  may 
occur.  Such  cases,  however,  are  stilJ  to  be  regarded  as  depending 
more  upon  the  low  resistance  of  the  individual  attacked  than  upon 
the  great  pathogenicity  of  B.  pyocyaneus. 

Many  domestic  animals  are  susceptible  to  experimental  pyo- 
cyaneus infection,  chief  among  these  being  rabbits,  goats,  mice,  and 
guinea-pigs.  Guinea-pigs  are  killed  by  this  bacillus  with  especial 
ease.  Intraperitoneal  inoculation  with  a  loopful  of  a  culture  of 
average  virulence  usually  leads  to  the  death  of  a  young  guinea-pig 
within  three  or  four  days. 

Toxins  and  Immunizatioii. — Emmerich  and  Low  have  shown  that 
filtrates  of  old  broth  cultures  of  B.  pyocyaneus  contain  a  ferment-like 
substance  which  possesses  the  power  to  destroy  some  other  bacteria, 
apparently  by  lysis.  They  have  called  this  sulwtance  **pyoeyana.Me" 
and  claim  that,  with  it,  they  have  succeeded  in  protecting  animals 
from  anthrax  infection.  During  recent  years  pyocyanasc  has  been 
employed  locally  for  the  removal  of  diphtheria  bacilli  from  the 
throats  of  convalescent  cases.  Broth-cull  ure  tilt  rates  evaporated  to 
one-tenth  their  volume  in  vacuo  are  \ised  for  this  purpose. 

Pyocyanasc  is  exceedingly  thermostalile,  resisting  boiling  for 
several  hours,  and  is  probably  not  itlentieal  with  any  of  the  other 
toxins  or  peptonizing  ferments  produced  by  B.  pyocyaneus. 


"Neumann,  Jahrb.  f.  Kinderheilk.,  1890. 

*^  KraufihnlH,  Zeit.  £.  Chir.,  xxxvii,  1893. 

"  BriU  nnii  Libman,  Anier.  Jour.  Mod.  8ci.,  1809, 

"FinkeUtein,  Cent.  f.  Bakt.,   IR99. 

*^  WtuiBermnnn.  Virchow's  Arch.,  dxv,  1901. 
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The  toxins  proper  of  B,  pyocyanous  have  been  the  subject  of 
much  investigation,  chiefly  by  Wassermann.^'*  Wassermann  found 
that  filtrates  of  old  cultures  were  far  more  poisonous  for  guinea-pigs 
than  extracts  made  of  dead  bacteria.  He  concludes  from  tliis  and 
other  observations  that  B.  pyocyaneus  produces  Ixjth  an  endotoxin 
and  a  soluble  secreted  toxin.  The  toxin  is  comparatively  Iher- 
moatable,  resisting  100°  C  for  a  short  time.  Animals  ac^tively  im- 
munized with  living  cultures  of  B,  pyncyaneus  give  rise  in  their 
blood  serum  to  bacteriolytic  antibodies  only.  Immunized  with 
filtrates  from  old  cultures,  on  the  other  liand.  their  serum  will 
contain  both  bacteriolytic  and  antitoxic  substances.  The  true  toxin 
of  B.  pyocyaneus  never  approaclies  in  strength  that  of  diphtheria 
or  of  tetanus.  Active  immunization  of  animals  must  Ik*  done  care- 
fully if  it  is  desired  to  produce  an  immune  scrum,  since  repeated 
injections  cause  gi'eat  emaciation  and  general  loss  of  strength. 
Specific  agglutinins  have  Iwen  found  in  immune  sera  by  Wasser- 
mann*" and  others.  Kisenbcrg^'  claims  that  such  agglutinins  are 
active  also  against  some  of  the  fluorescent  intestinal  bacteria. 

Bulloch  and  Hunter^'  havo  recently  been  able  to  show  that  old 
broth  cultures  of  B.  pyocyan<'us  contain  a  substance  capable  of 
hemolyzing  the  red  blood  corpuscles  of  dogs,  rabbits,  and  sheep. 
This  **pyocyanolysin'*  seems  intimately  altadird  tn  the  bacterial 
body.  Prolonged  hcatitig  of  cultures  does  not  destroy  it.  Heating 
of  hemolytic  filtrates,  however,  destroys  it  in  a  short  time.  The 
filtration  of  young  cultures  yieUb*  very  little  pyocyanolysin  in  the 
filtrate.  In  old  cultures,  however,  a  considerable  amount  passes 
into  the  filtrate.  Whether  or  not  the  hemolytic  power  is  due  to 
a  specific  bacterial  produet  or  is  dependent  upim  elianges  in  the 
culture  fluid,  such  as  alkalinization.  eto.,  can  not  yet  be  regarded 
as  certain. 

Gheorghiewski*"  claims  to  have  found  a  leueoeyle-dcstroying 
ferment  in  pyocyaneus  cultures. 


^Wtuaermann,  Zoit.  f.  Hjg.,  xxii,  18W. 

*"  WoMermann,  Zeit.  t  Hyg.,  1002. 

"A'wriibfri?.  Ont.  f.  Bakt.,   1903. 

^SuUoch  und  Hunter,  Cent.  f.  Bakt.,  xxviii.  1900. 

*  Oheorghicwaki,  Ann.  dc  TinBt.  Pasteur,  xiii,  1899 
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{The  So-c/iUed  Haemorrhagtc  Sfpticaemia  Group) 

Plaipie. — The  history  of  epidemic  diseaacs  htw  no  more  terrifying 
chapter  than  that  of  i)laKne.*  Sweepinjf.  time  and  again,  over  largo 
areas  of  thu  civilized  world,  its  scope  and  mortality  were  often  so 

it  that  all  forms  of  human  activity-were  temporarily  paralyzed, 
Tn  the  reign  of  JiiHtiniau  almost  lifty  per  Cent  of  the  entire  popula- 
tion of  the  Ronian  I'impire  perished  from  the  disease  The  *'lilack 
Death**  which  swept  over  Europe  during  the' fourteenth  century 
killed  about  twenty-five  million  people.  Smaller  ipidemies,  appear- 
ing in  numerous  parts  of  the  world  during  the  sixtrpnth,  seventeenth, 
and  eighteenth  centuries,  have  claimed  innumerable  victims.  In 
189:i  jjlague  appeared  in  Tlong  Kong.  During  the  epidemic  which 
followed,  Harillus  pestis,  now  recognized  as  the  etiological  factor 
of  the  disease,  was  discovered  by  Kitasato*  and  by  Yersin,"  inde- 
prTuiently  of  each  other.  Hy  both  observeps  the  bacillus  could 
invariably  be  found  in  the  pus  from  the  bubos  of  afflicted  persona. 
It  could  be  demonstrated  in  enormous  numbers  in  the  cadavers  of 
victims.  The  constancy  of  the  oecun-ence  of  the  bacillus  in  patients, 
shown  in  the  innumerable  researches  of  many  bacteriologists,  would 
^lone  be  stiflicient  evidence  of  its  eliulogical   rrlationship  to  tho 

lase.  This  evidence  was  strengthened,  moreover,  by  accidental 
fcctions  which  occurred  in  Vienna  in  1898,  with  laboratory 
cultures. 

Since  that  time  the  investigations  of  plague  cases  and  plague 
outbreaks  by  individual  bacteriologists  and  by  commissions  of  many 
governments  have  established  the  relationship  between  the  disease 
and  the  bacillus  to  such  a  degree  that  there  is  not  the  shadow  of 
a  doubt  as  to  its  etiological  signiiicancc. 


^mrsrk,  '•Handb.  d.  histor.-geogr.  Path,/'  1891. 

*  Kitasfito,  Laiif-H,   1N94. 

•rer*!**,  Ann.  de  Tinst.  Paot^ur,  1894. 
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Morphology  ud  SUuiiBg.— HadUm  prstk  b  s  short,  thick 
ImcIIIua  w:*'  ''  rtmoded  riid«.  itK  lenffth  is  barely  two  or  two 
Aiul  «  hAll  -•  breftdth  (1.5  to  1.75  micra  by  0^  to  0.7  nucron). 

The  hiffiJIi  api»e«r  siogiy,  in  paira,  or,  mortf  rarely,  in  abort  chains 
of  lhrw>  or  mor*?.    Tlify  shcrw  distlnrt  polar  stmltiing     1  nd 

shape  tliMW  barilli  arr  snhjfct  to  a  greater  drgrt«  of  vari  :  iin 

•ra  moNt  other  mlcroorfpinisma.  In  old  lesions  or  in  old  enltnrp^ 
the  haHlli  hHow  in%*olrit5rin  funiiH  which  mny  npprar  f''  Mvollen 

coccoUl  forma  or  aa  Innjcrr,  cluh-sJuipcd,  diphtherfu!.  — i-i.  De- 
ffriif-rnilnK  individuftU  appcinr  often  oa  snrolton.  oval  vaenoUa.  All 
thmr  involution  fomuj,  by  their  very  irregularity,  are  of  diagnostic 
importanc€r    They  appear  more  nnmi^rous  in  artificial  cultures  than 


Fio.  85.— BAOtLUB  rsertfl,     (After  MftUory  and  Wright.) 

in  human  lemons.  A  very  important  property  of  the  plague  bacillus 
in  thiM  connection  is  tho  formation  witliin  twenty- four  to  forty-eight 
houi-8  of  vacuolatod  and  swollen  involution  forms  upon  salt  agar, 
that  is,  agar  to  which  3  to  5  per  cent  of  salt  is  added.  Such  a 
mi}dium  is  of  great  value  in  diagnontic  work. 

According  to  Albroeht  and  Ohon,*  thr  plague  bucillus  may,  by 
spc^cifll  methodH,  be  shown  to  possess  a  gelatinous  capsule.  It  docs 
not  POSS0S.S  flngclla  and  docs  not  form  spores. 

The  plague  barilhm  is  easily  stained  with  all  the  usual  anilin 
dyes.  Diluted  aqueous  fuehsin  and  methylenc-bluc  are  moat  fre- 
quently employed.     With  these  stains  the  characteristically  deeper 

*Aibrech(  and  Qhon,  Wien,  ]89S, 
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st&ininef  of  the  polar  portions  of  the  baoilhis  is  usually  easy  to 
demoimtrate.  Special  polar  stains  have  been  devised  by  various 
observers.  Most  of  these  depend  upon  avoidance  of  the  usual  heat 
fixation  of  the  preparations,  wliieh,  in  some  way,  seems  to  interfere 
with  Rood  polar  staining.  Fixation  of  the  dried  smears  with  absolute 
aleohol  is,  therefore,  preferable.  The  bacillus  is  decolorized  by 
Oram's  method. 

Isolation  and  Cultivation. — The  bacillus  is  easily  isolated  in  pure 
culture  from  the  specific  lesions  of  plague  patients,  during  life  or  at 
autopsy.  It  is  worth  noting  that  smears  from  bubos  and  other 
plague  lesions  will  often  show  the  typical  bacilli  in  very  small 


>v 
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Tia.  86. — Bactllub  Pestib,  Involution  Foruh.     (After  Zettnow) 

numbei'S  only,  possibly  because  of  the  case  with  which  they 
undergo  degeneration.  The  bacillus  grows  readily  and  luxuriantly 
upon  the  nioat-infusion  media.  The  optimum  temperature  for  its 
cultivation  in  about  30"  C.  Below  20*^  C.  and  above  38*  C,  growth 
is  sparse  and  delayed,  though  it  is  not  entirely  inhibited  until 
exposed  to  temperatures  below  12°  C,  or  above  40**  C.  The  most 
favorable  reaction  of  culture  media  is  neutrality  or  moderate  al- 
kalinity, though  slight  acidity  does  not  prevent  development  "  *' 
On  agar,  growth  appears  within  twenty-four  hours  as  minute 
colonics  with  a  compact  small  center  surrounded  by  a  broad, 
irregularly  indented,  granular  margin. 
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On  gelatin,  similar  colonics  appear  after  two  or  three  days  at  20* 
lo  22'' C.    The  gelatin  is  not  liquefied. 

In  bouilhn,  the  plague  bacilli  grow  slowly.  They  usually  sink  to 
the  bottom  or  adhere  to  the  walls  of  the  tube  as  a  granular  deposit 
and  may  occasionally  form  a  delicate  pellicle.  Chain-formation  is 
not  uncommon.  In  broth  cultures,  moreover,  a  peculiar  stalactite- 
like  growth  is  often  seen,  when  the  culture  fluid  is  covered  with 
a  layer  of  oil  and  the  flasks  are  incubated  in  a  place  where  shaking 
or  vibration  can  be  prevented.  Delicate  threads  of  growth  hang 
down  from  the  surface  of  the  medium  into  its  depths  like  stalactites. 

Characteristic  involution  forms  are  brought  out  best  when  the 
bacilli  are  grown  upon  agar  containing  3  to  5  per  cent  NaCl. 

Milk  is  not  coagulated.  In  litmus-milk  there  is  slight  acid  forma- 
tion. On  potato  and  on  blood  serum  the  growth  shows  nothing  char- 
acteristic or  of  differential  value.    On  pepton  media  no  indol  is  formed. 

Biological  Considerations. — Bacillus  pest  is  is  aerobic.  Absence 
of  free  oxygen  is  said  to  prevent  its  growth,  at  least  under  certain 
conditions  of  artificial  cultivation.  It  is  non-motile.  Outside  of  the 
animal  body  the  bacilli  may  retain  viability  for  months  and  even 
years  if  preserved  in  the  dnrk  and  in  a  moist  environment.  In 
cadavers  they  may  live  for  weeks  and  months  if  protected  from 
dryness.  In  pus  or  sputum  frotn  patients  they  may  live  eight  to 
fourteen  days.    These  facts  are  of  great  hygienic  importance. 

Complete  drying  in  the  air  kills  the  bacilli  within  two  or  three 
days.*^  Thoroughly  dried  by  artifleial  means  they  die  within  four 
or  five  hours. 

Dry  heat  at  100°  C.  kills  the  bacillus  in  one  hour.'  Live  steam 
or  boiling  water  is  effectual  in  a  few  minutes.  The  bacilli  possess 
great  resistance  against  cold,  surviving  a  temperature  of  0°  C.  for 
as  many  aa  forty  days. 

Direct  sunliglit  destroys  them  within  four  or  hve  hours.  The 
common  disinfectants  are  e/Tectual  in  the  following  strengths:  car- 
bolic acid,  one  per  cent  kills  them  in  two  houra,  five  per  cent  in 
ten  minutes ;  bichloride  of  mercury  1 :1,000  is  effectual  in  ten 
minutes. 

In  a  recent  communication  to  the  New  York  Pathological  Society, 
Dr.  Wilson  reported  that  plague  cultures  which  be  had  kept  scaled 


'Kiias0(o,  Lancet,  1894. 
•Abel  OeDt.  t  Bakt.  xxi.  1997. 
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for  as  long  as  ton  years  in  the  ice  chest  were  found  living  and 
virulent  at  the  end  of  this  time. 

lu  regard  to  the  viability  of  plague  bacilli  iu  air  at  different 
atmospherie  temperatures  and  conditions  of  humidity,  there  are 
many  important  sanitai-y  problems  involved  which  are  of  particular 
signiiicauec  in  connection  with  the  spread  of  pneumonic  plague. 
Teaguc  and  Barber^  worked  on  this  subject  in  conueclioa  with  the 
Manehurian  epidemie  of  piu-umonie  pUigne,  and  found  that  plngue 
bacilli  contained  in  fine  droplets  of  pneumonic  plague  sputum  would 
suffer  death  from  drying  in  a  few  minutes  unless  they  were  sus- 
pended in  an  atmosphere  with  a  very  small  water  deficit;  in  other 
words,  the  humidity  or  the  degree  of  saturation  of  the  atmosphere 
witli  water  is  a  very  important  factor  in  determining  the  length  of 
time  for  wlueh  plague  bacilli  will  remain  alive  in  such  droplet- 
spray.  Such  atmospheres  ujider  ordinary  eireumstanccs  are  common 
iu  cold  climates  and  droplets  of  sputum  will,  therefore,  remain 
infectious  lon^^'r  in  eold,  wet  eliniutes  than  in  warm  one-s. 

Animal  Pathogenicity, — Bacillus  pcstis  is  extremely  pathogenic 
for  rats,  mice,  guinea-pigs^  rabbits,  and  moukej's.  The  most  sus- 
ceptible of  these  animals  are  rats  and  guinea-pigs,  in  wliom  mere 
rubbing  of  plague  bacilli  into  the  unbroken  skin  will  often  produce 
the  disease.  This  method  of  experimental  infection  of  guinea-piRs 
is  of  great  service  in  isolating  the  plague  bacillus  from  material 
contaminated  with  other  microorganisms.  For  the  same  purpose, 
infection  of  rats  subeutaneously  at  the  root  of  the  tail  may  be 
employed.    Such  inoculation  in  rats  is  invariably  fatal. 

The  studies  of  McCoy'  of  the  United  States  and  Public  Health 
Service  upon  guinea-pigs  and  white  rats  show  that  individual  plague 
eultures  may  vary  considerably  in  virulence.  The  sii^c  of  the  dose, 
always  excepting  enormous  quantities  such  as  a  whole  agar  culture, 
seems  to  make  Utile  difference  in  the  speed  with  wbich  the  animals 
die.  There  may  be  ^considerable  variation  in  the  susceptibility  of 
individual  animals.  Prolonged  cultivation  on  artificial  media  may 
gradually  reduce  the  virulence  of  plague  bacilli,  though,  as  stated 
above,  this  has  not  beeu  the  experieuce  of  all  observers. 


^  Teagne  and  Barhrr,  Philippine  Jonr.  of  Science,  B,  7,  1912. 

•McCoy  noted  the  Burprising  fact  thiit,  in  San  Franoiwo  n  considerable  per- 
centage of  wild   rats — t'spcfially  old   ones,  showed  a  high   natural   immunitv 
plague. 
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In  rats,  spontaneous  infection  with  plague  is  common  and  plays 
an  important  r&le  in  the  spread  of  the  disease.  The  pneumonic 
type  of  the  disease  is  common  in  these  animals  and  has  been  pro- 
duced in  them  by  inhalation  experiments.  During  every  well- 
observed  plague  epidemic,  marked  mortality  among  the  domestic 
rats  has  been  noticed. 

Although  it  was  formerly  supposed  that  rat  infection  took  place 
because  of  the  gnawing  of  dead  cadavers  by  other  rats,  the  work 
of  the  British  Indian  Plague  Commission  has  shown  that  rats,  like 
man,  are  spontaneously  infected  by  means  of  fleas  which  pass  from 
the  infected  to  the  uninfected  animal. 

In  his  work  in  California  McCoy  showed  that  the  weasel  and 
chipmunk  are  susceptible  to  plague  infection,  and  therefore,  poten- 
tial means  of  spread  if  once  infected. 

Toxin  Formation. — The  systemic  s3rmptoms  of  plague  are  largely 
due  to  the  absorption  of  poisonous  products  of  the  bacteria.  Al- 
brecht  and  Ghon,*  Wernicke,***  and  others  were  unable  to  obtain 
any  toxic  action  with  broth-culture  filtrate  and  concluded  that  the 
poisons  of  B.  pestis  were  chieily  endotoxins,  firmly  attached  to  the 
bacterial  body.  Kossei  and  Overbeck,"  however,  on  the  basis  of  a 
careful  investigation,  came  to  the  conclusion  that,  in  addition  to 
the  endotoxin,  there  is  formed  in  older  broth  cultures  a  definite  and 
important  true,  soluble  toxin. 

This,  however,  is  unlikely  in  the  light  of  a  general  survey  of 
experimental  work  and  conditions  as  they  exist  in  the  disease  itself. 
It  is  most  likely  that  the  toxic  symptoms  here  are  those  generally 
spoken  of  as  endotoxin  and  also,  we  believe,  perhaps  some  of  the 
proteose  substances  suggested  by  us  in  connection  with  other 
bacteria. 

Imninni»tion.--A  single  attack  of  plague  usually  protects  human 
beings  from  reinfection.  A  second  attack  in  the  same  individual  is 
extremely  rare.  Immunization  in  animals  produces  specific  aggla- 
tinating  and  bacteriolytic  substances  which  are  of  great  importance 
in  the  bacteriological  diagnosis  of  the  bacillus.  The  agglutinating 
action  of  the  serum  of  patients  is  clinically  important  in  the  diagnosis 
of  the  disease,  even  in  dilutions  of  one  in  ten,  since  undiluted  normal 
human  serum  has  no  agglutinating  effect  upon  plague  bacilli. 

*Atbrecht  und  Ghon,  loc.  cit. 

»  Wernicke,  Cent.  f.  Bakt..  Ref .,  xxIt,  1898. 

**  Kosael  uod  Overbeckf  Arb.  ft.  d.  GesuDdh.,  xviii,  1901. 
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The  carativo  plague  scrum  prepared  by  Ycrsin  and  others  by 
the  immunization  of  horses  with  plague  cultures  has  been  extensively 
used  in  practice  and  though  often  disappointing,  a  definitely  benefi- 
cial influence  on  the  milder  cases  has  been  noted.  The  sera  arc 
standardized  by  their  protective  power  as  measured  in  white  rats. 

The  question  of  prophylactic  vaccination  and  active  immuniza- 
tion will  bo  taken  up  in  connection  with  plague  prevention  below. 

Plague  in  Man.^ — There  arc  two  chief  methods  by  which  the 
disease  is  acquired  by  man-  The  first  is  by  entrance  of  the  bacilli 
through  tlie  skin  as  a  consequence  of  the  bite  of  an  infected  flea. 
During  the  act  of  biting,  the  flea  may  either  i-egurgitate  blood,  or, 
as  is  usually  the  case,  deposit  feces  on  the  skin.  The  possibilities  of 
entrance  of  the  plague  bacillus  through  minor  injuries  in  the  skin 
are  so  gi*eat  that  perhaps  the  infection  may  take  place  through  the 
lesion  caused  by  the  fleubile.  but  more  likely  is  rubbed  in  by  the 
clothing  or  by  scratching  as  tlie  fleabite  becomes  inflamed  and 
irritated. 

The  other  method  by  which  plague  is  transmitted  to  man  is  by 
direct  inhalation  of  sputum  spray,  a  mode  of  infection  which  causes 
pneumonic  plague.  According  to  Castellaiii  and  Chalmers*'  and 
others,  about  2.5  per  cent  of  the  cases  occurring  during  epidemics 
of  bubonic  plague  arc  of  the  pneumonic  variety,  and  there  may  be 
special  epidemics  of  pneumonic  plague  like  the  one  described  in 
another  section  and  studied  by  Strong,  Teaguc  and  others"  in 
Manchuria  and  a  more  recent  one  which  occurred  in  Nortliem  China. 

The  incubation  time  of  the  disease  is  usually  less  than  ten  daj's, 
and  may  be  no  longer  than  two  or  three.  The  organisms  entering 
through  the  skin  may  cause  a  localized  lesion  at  the  point  of 
entrance.  This  may  be  of  negligible  size  or  may  show  a  considerable 
inflammatory  reaction.  The  organisms  enter  the  lymphatics  and 
cause  the  so-called  bubo.  The  primary  bubos  are  situated  in  the 
glands  into  which  the  infected  area  drains  and,  for  this  reason, 
the  most  common  seat  for  these  lesions  is  in  the  glands  of  the  groin, 
but  they  also  may  be  first  seen  in  the  axillai-y,  cervical  or  other 
glands.  Secondary  bubos  may  arise  in  other  parts  of  tlic  body, 
along  the  distribution  of  lymphatics,  and  the  organisms  rapidly  enter 
the  blood  stream,  causing  .septicemia. 

"Cojleltont  and  Chalmertf  Manual  of  Tropical  Medicine,  W.  Wood  &  Co., 
N.  Y.,  1919. 

"  TfQQue  and  Strong,  Philippine  Jour,  of  Science,  See.  B,  No.  7,  1912.  ^ 
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The  onset  is  usually  sudden,  with  biRJi  fever  ami  Iho  ponrral 
symptoms  of  a  severe  toxemia.  Ca^itellani  slates  tlie  bacilli  can 
be  found  in  1)lood  cultures  in  about  30  jjer  cent  of  the  eases. 

The  disease  may  take  a  considerable  number  of  forms  which 
depend  very  largely  upon  the  vinilence  with  wiiich  the  or^inisms 
overwhelm  the  body.  It  may  be  relatively  mild»  or  may  lake  an 
acute  septicemic  form  which  is  rapidly  fatal. 

The  pneumonic  type  is  very  soverc  and  apt  to  kill  rapidly.  The 
onset  of  the  pneumonic  type  according  to  Strong  and  Teag!ie  is 
abrupt,  without  prodromal  symptoms.  There  is  often  a  chill,  head- 
ache, and  fever  wliieh  reaches  lOH**  or  104^  within  a  day  of  the 
onset,  accompanied  by  a  very  rapid  pulse.  Cough  appears  within 
twenty-four  hours.  Tim  expectoration  soon  becomes  abundant  and 
consists  of  blood-tinged  mucus.  When  later  it  becomes  thick  and 
bright  red,  it  contains  enormous  numb<M*8  of  plapue  bacilli.  There 
are  marked  signs  of  cardiac  involvement,  and  delirium  and  coma 
frequently  appear.  Tlie  same  observers  state  that  plague  l)aci11i 
may  frequently  be  fouTtd  in  the  blood  in  such  numbers  that  simple 
microscopieal  exoniination  s\iffice8  for  their  detection.  They  state 
that  in  the  Manchurian  epidemic  not  a  single  case  in  whieh  bac- 
teriological  diagnosis  was  complete,  was  known  to  have  recovered. 

The  pathology  of  the  lungs  in  this  condition  consists  of  general 
engorgi»m(nt  and  edema.  There  are  hemorrhages  under  the  pleura, 
often  fresh  fibrinous  pleui-isy,  and  if  a  ease  lasts  long  enough  there 
may  be  pnciimonic  infiltration.  The  distribution  of  the  pneumonic 
aroa.s  may  he  <  ithcr  lobar  or  lobular.  Bacteria  are  found  in  enormous 
numbers  in  the  peribronchial  lyniph  spaces  and  in  the  adjoining 
alveoli.  They  may  also  be  present  in  large  numbers  in  the  inter- 
lobular septa  and  under  tin'  pleura. 

Epidemiology. — Owing  tr»  the  frequency  and  wide-spread  nature 
of  plague  epidemics  in  the  history  of  the  world  from  most  ancient 
times,  it  is  quite  impossible  to  more  than  very  briefly  outline  the 
epidemiology  of  the  dist*ase.  For  fuller  treatment  of  the  epi- 
demiological aspects  the  reader  is  referred  to  such  books  as 
Rosenau  V*  Preventive  Medicine  and  Castellani  and  Ohalmer's"  work 
on  tropical  medicine.    The  prevalence  of  the  disease  in  ancient  times 


^^JtoamoH,  Preventive  Medicine  nod  Hygiene,  D.  Appleton  ft  Co.,  N.  Y,  & 
London,  1<>21. 

*^  Castellani  nnj  Chalmen,  Mftnuftl  of  Tropical  Medicine,  William  Wood  A  CO., 
N.  Y..  1919. 
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has  boon  menlionod  in  tho  introduction.  Through  the  Middle  Ages 
a  uutiiber  of  plaguti  opiUiuilcs  swept  througli  Kuropi'  and  frequeiilLy 
reached  tlie  commcruiul  porUt  of  Italy,  Asia  Miuor  and  other  parts 
of  Eastern  Europe  from  the  Orient.  In  India  it  has  luiig  been 
known  us  a  fatal  form  of  epidemic  disease  and  since  the  early  part 
of  tho  nineteenth  century,  has  probably  been  endemic  there.  Cas- 
tellani  and  ('hahncrs'*  state  that  it  was  introduced  iiitn  (liina  prob- 
ably in  llie  first  half  of  the  eighteenth  century  by  Mohammedans 
returning  from  Mecca  via  Burma  to  the  Province  of  Yunnan.  Hero 
it  has  been  epidemic  ever  since.  In  1804  the  study  of  the  Hongkong 
epidemic  revealed  the  causative  agont  of  the  disease.  There  was 
a  very  serious  epidemic  iji  1894  which  started  in  C^ina,  spread 
through  Bombay  to  other  parts  of  India,  thence  to  Madagas<rar, 
into  the  Malay  States,  the  Philippine  Islands,  other  islands  of  the 
Pacific,  reaching  North  and  South  Am<M*icB  and.  Europe;  finally 
in  1900,  it  appeared  in  Cape  Town  and  on  tlic  Britisli  Isles.  Clemow, 
whom  we  quote  from  t'astcllani  and  Chahnera^  slated  that  in  1900 
plague  was  endemic  in  Mongolia.  Southern  China,  the  Himalayas, 
Mesopot^imia,  Persia,  l-ganda,  parts  of  Hussia  and  Northern  Africa. 
In  Africa  tho  same  antljor  states  that  tliero  arc  two  endemic  areas, 
one  in  Tripoli  and  the  other  in  Uganda  from  which  occasional 
African  epidemics  take  origin. 

The  dis»*ase  is,  thus,  a  constant  menace  in  many  different  parts 
of  the  world  and  must  remain  an  important  source  of  concern  to 
national  public  health  organizations.  In  the  United  States  the 
problem  is  perluips  tnnre  important  than  is  appreciate*!  by  the  people 
at  large.  In  \9(ys  the  disease  appeared  in  California  and  for  several 
years  after  that  human  cases  occurred,  though  the  disease  never 
took  on  the  menace  of  an  epidemic.  This  was  prevented  probably 
by  the  energetic  work  of  the  United  States  Public  Health  Service 
under  Rupert  Blue,  McCoy,"  Curry,  and  Wherry"  who  instituted 
energetic  methods  of  rat  extermination,  rat  proofing  and  other  neoes- 
sary  sanitary  measures.  More  recently,  foci  have  appeared  in  Texas 
and  Xcw  Orleans  and  it  must  never  be  forgotten  that  the  conditions 
of  climate  and  in  other  respcets  are  not  by  any  means  unfavor- 
able to  the  development  and  spread  of  plague  in  some  parts  of 
America. 

To  convey  an  idea  of  the  prevalence  of  plague  in  the  world  to-day 


''McCoy.  Pub.  HeaJth  Report.,  July,  1913,  No.  37, 
"JVherry,  Jour.  Infer,  Vis.,  3,  1908. 


««9«rted  from  various  places  in 

•^s  Bo«k  on  Plague.^*    This  record 

for  September  16tb,  1911: 

the  flrat  six  months  (of  1911), 

,  281,317  (2)  Punjab,  171.084; 

^twtaAmey,  28409.     Deaths  in  July,  not 


;2«  a«  Xwigmst  IX  (1911),  2.}*)  cases,  194  deatlui. 

I.  IWl,  pla|:iu'  \vtt3  reported  in  varying  inteujiity 

I  lUncknna,  Peking,  Tientsin,  Chefoo,  Shantung, 

.  Svstt^v.  Taittoii,  Pakhoi  and  Laichow. 

IB  M«rrii  and  April  (1911),  many  catses  reported. 

cb;  17  deaths.     May  22  to  May  28,  37  cases; 

-•^  l^i^fkek  fhgw  was  more  severe  during  IPll  than  in  any 
i^«r.    MiMvK  15  tt>  April  15,  .33  eases  and  29  deaths. 
m^  5iia«trm.— la  Java,  May  25  to  June  3  (1911),  105  eases  and 
\ntm  fcvvuw*).    Iti  Sumatra  plague  was  present,  no  statistics. 
* — A  f<*w  cases  mostly  imported,  reported  in  1911, 
^Htftm^^X  h^  C4k8tt)k  at  Kobe  in  1911.     In  Formotsa,  from  April  2  to 
4^  asm;  :M  iiMth& 

^yT^^^—Vit^^im  rv^Hiftfd  from  Port  Haid,  8uakin  (on  board  ship),  Cairo 
MMI  AlmwIrMi  i^  itam  U  provinces.    The  province  of  Kena  had  a  severe 
lll^  5  to  May  31  (1911).  51  cases  and  49  deatlts. 
■$«v«fml  oases  reytorted  from  ports  on  the  Persian  Golf. 
T^try  in  «l«Nk— A  few  cases  at  Muscat,  Basra  and  at  Port  of  Jeddah. 
&9ih*k  KMt  J/Wco. — Kismayu  and  Port  Florence  reported  a  few  cases 
^AHil  (1111). 

MflUf^l^w.— January  1  to  April  11  (1911),  110  cases  and  70  deaths. 
JSwtHjWMii  ir«>l  Africa. — Plague  was  reported  present  at  Nahoria  in  May 

(mt). 

K«ii*Mk — In  the  Ktr(>is  Steppe  in  the  Astrakan  Government  in  January 
09H><  ^  <?•*«•  i  ^  deatlis. 

Smmtk  Amtfica. — Plague  pi-evailod  during  1911  in  Pern,  Ecuador,  Brazil, 
1^»  and  Venexuela.  No  severe  outbreak  except  in  Peru,  where  from 
FvKniary  lo  May  many  cases  occurred  and  died.  At  labertad,  in  March,  60 
and  23  deaths  were  reported. 


Plague   IB  primarily   a   disease   of  rodents.     The    bacillus   is 
puthogcnlc  for  rats,  mice,  pruinca-pigs,  rabbita,  for  the  California 


'^Jnfikwn,  Plague,  Lippincntt  &  Co..  1016. 
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ground  squirrel,"  and  for  various  species  of  ground  moles  such  as 
the  Manchurian  tarbagan  (Arctomys  bobac)." 

The  spread  o£  plague  by  rats  ]ias  long  been  recognixcd  and  even 
in  ancient  times  mortality  in  rats  has  been  associated  with  large 
epidemic  outbreaks.  The  most  impoi-taut  recent  experimental  work 
on  tliis  matter  was  done  by  the  British  Indian  Plague  Commission 
at  Bombay.  This  commission  demonstrated  the  relationship  bet\\cen 
rats  and  plague  infection  in  carefully  conducted  experiments  in 
which  considerable  numbt»rs  of  rats  were  used.  According  to  the 
Commission,  the  most  important  spe*'ies  of  rats  arc  the  Ephnys  nor- 
vffficus  and  Epimj/s  ratiiu.  Over  thirteen  hundred  of  some  seventeen 
hundred  rats  foujid  infected,  belonged  to  these  two  speciea.  Other 
rats  can  also  be  infected  and  the  danger  of  plague  exists  wherever 
rats  aif  found. 

The  rat  problem  is  a  very  important  one,  not  only  in  connection 
with  plague,  but  in  connection  ^vith  econoiuie  loss  as  well.  Creel  of 
the  United  States  Public  liealth  Service**  has  called  attention  to  the 
necessity  of  rat  extermination  for  economic  reasons  alone.  The  dis- 
frihulion  nnd  number  of  nit.s  in  the  world  is  much  greater  than 
anyone  ordinarily  supposes.  Creel  states  that  in  the  cane  producing 
tropical  and  serai-tropical  countries,  Porto  Rico,  the  West  Indies, 
the  Hawaiian  Islands  and  the  Philippines,  there  is  an  enormous  rat 
population.  He  states  that  on  one  cane  plantation  in  Porto  Rico 
where  there  were  less  than  500  people,  25,000  rats  were  killed  in  six 
months.  He  estimates  that  in  the  United  States  the  rat  population 
is  probably  as  great  as  the  human  papulation,  and  the  annual  iH^onomic 
cost  jter  rodent  is  higher  than  $1.00  a  piece.  Computing  the  upkeep 
of  rats  as  one-half  cent  per  day  aiul  estimating  thrir  number  as  above, 
Creel  says  that  a  sum  of  $167,0(W),{H3O  is  lost  annually  to  the  country 
by  rat  depredations. 

According  to  the  British  Plague  Commimion,  the  usual  way  by 
which  rats  are  infected  from  others  is  by  means  of  fleas,  and  this, 
as  first  suggested  in  1898  by  Simond,  is  the  method  by  which  the 
disease  is  carried  to  man.  In  the  British  Indian  Plague  Commission 
experiments,  when  healthy  and  infeeted  rats,  entirely  free  from  flea--^ 
were  placed  together,  no  plague  developed,  even  when  these  rats  were  in 
contact  with  the  urine  and  feces  of  the  infected  ones  and  with  polluted 
food.    But  when  fleas  were  introduced,  infection  occurred.    The  most 


»3/K'oy.  Jour.  Infw.  Dis.,  5.  1909. 

*"  n'u  LicH   Tfh.,  Jour.  Kypirne,   1.1,   1913. 

^ Creel,  R<'p.  No.  135,  W  S.  Pub.  Health  Serv.,  Vol.  28,  No.  27,  1913. 
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commoa  flea  found  on  rats  is  the  Xenopfiylla  chcopis.  The  disease 
can  also  be  transmitted  by  Ceralophyllus  faaciaius  and  by  i^uUx 
irritans.  Fkas  habitually  infesting  dog:a  and  cats  may  also  infest 
rats  which  means  that  flea  extermination  must  be  general  It  also 
indicates  that  the  elimatic  and  geographical  diHti'it)ution  uf  ileas, 
as  well  as  that  of  ratfi,  must  be  taken  into  account  in  dealing  with 
the  disease. 

In  rats  tlie  first  development  is  a  generalized  blood  infection 
during  whieh  onorraous  numbers  of  bacilli  may  bo  present  in  the 
blood.  These  are  then  tiikcn  into  the  intestine  of  the  flea  where 
they  can  live  for  a  long  time,  and  may  be  deposted  upon  the  skin 
of  the  wtim  during  feeding,  since  the  flea  is  apt  to  regurgitate 
blood  and  to  deposit  feces  at  this  time.  It  may  also  be  thut  some 
of  the  bacilli  are  directly  introduced  with  the  bite.  Imt  it  is  probably 
more  common  that  the  organisms  thus  distributed  will  be  rubbed  in 
either  by  the  clothing  or  in  scratching  the  fleabite. 

It  is  thus  established  with  considerable  certainty  that  while 
contact  infection  and  other  means  of  direct  and  indirect  transmis- 
sion may,  of  course,  oceur»  the  usual  manner  of  spread  of  plague 
is  from  rat  to  rat,  rat  to  man,  or  man  to  man,  by  the  agcjicy  o£  fleas. 
It  is  the  Epimys  raitus  which  lives  in  closest  relationship  to  man, 
and  Ls  perhaps  tlie  most  dangerous  for  this  reason.  Tlie  ordinary 
rat  flea  leaver  the  body  of  the  rat  within  about  three  days  of  its 
death  and  is  capable  of  remaining  alive  al>out  three  or  four  weeks. 
The  plague  bacilli  may  multiply  tremendously  in  the  intestine  of 
the  flea  during  the  period  Ix'tween  feedings.  In  the  California 
outbreak  infection  from  ground  squirrels  to  man  was  definitely 
shown  in  a  number  of  cases,  and  in  Manchuria  the  tarbagan  men- 
tioned above  has  also  l>een  suspected  of  being  the  direct  source. 

McCoy"  in  1921,  summarizing  the  results  of  recent  plague  studicSt 
states  that  in  the  Tnited  States  natural  infection  baa  taken  idaec 
among  ground  squirreJs  of  California,  the  black  ruts  of  Hawaii, 
and  a  species  of  wood  rat  and  field  rodent  in  Louisiana.  Human 
cases  have  been  unquestionably  traced  to  ground  squirrels,  and 
almost  alwaj^,  he  says,  have  the  peculiarity  of  showing  the  primary 
bubos  in  the  axillae,  because  the  fleas  in  the  course  of  the  infection, 
attack  the  upper  extremities,  whereas  when  the  disease  is  contracted 
from  rats,  the  fleas  ar«  more  &pt  to  bite  on  the  legs.    Squirrel 
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infection,  however,  according  to  McCoy,  form  very  few  eases,  not  more 
tliau  alxmt  seveiileen  in  all  having  been  lounil  since  the  squirrel  origin 
was  tirst  studied  The  squirrel  flea  can  carry  plague  from  squirrel 
to  squirrel  and  from  squirrol  to  other  rodents. 

8nch  transmission  floes  not  hold  good,  however,  for  the  pneumonic 
fonn  of  the  disease.  Careful  studies  have  been  made  on  the  pneumonic 
form  by  Strong,  Teague,  Crowell  and  Barber^'  who  observed  the 
Manchurian  epidemic  which  occurred  during  the  winter  of  1910  to 
1911,  and  during  which,  within  three  months,  50,000  people  died 
of  the  disease.  Aecording  to  these  writers  the  infection  here  is  not 
as  formerly  supposed  primarily  a  septicemic  condition,  during 
which  the  lungs  become  secondarily  involved,  but  occurs  by  direct 
inhalation  into  the  bronelii.  The  organisms  either  pass  along  the 
bronchioles  into  the  alveoli,  or  through  the  walls  of  the  bronchioles 
into  the  lungs,  giving  rise  first  to  peribronchial  inflammations  and 
later  to  more  diflFuae  processes,  followed  by  pneumonic  changes  of 
the  lobar  or  lobular  type.  After  this,  the  blood  becomes  quickly 
infected  and  bacteriemia  is,  therefore,  secondary  to  pneumonia. 
As  mentioned  above,  the  organisms  are  coughed  out  with  the  drop- 
lets of  sputiun,  and  thus  sprayed  into  the  atmosphere.  If  the 
atmosphere  is  dry,  they  will  rapidly  die  out.  If,  however,  the 
weather  is  cold  and  the  atmosphere  charged  with  moisture  the 
organisms  may  remain  alive  for  considerable  periods  and  inhalation 
of  virulent  organisms  may  take  place  easily.  Acording  to  the  same 
writers,  the  organisms  are  not  usually  exhaled  by  the  expired  air 
during  ordinary  respiration  or  even  during  the  labored  respirations 
of  the  pneumonic  wise,  hut  only  dnnng  coughs  when  they  may 
be  sprayed  out  in  enormous  numbers  even  when  the  naked  eye 
can  detect  no  visible  spray.  In  this  form  of  plague,  tlien,  the 
transmission  is  very  largely  direct. 

McCoy  states  that  pneumonic  plague  rarely  occurs  from  rat 
infection,  and  states  that  it  is  an  interesting  and  perhaps  '*signifieant 
fact"  that  in  plague  squirrels  there  seems  to  be  a  definite  tendency 
to  localize  in  the  lungs,  a  thing  which  mrely  happens  in  rats.  From 
a  study  of  the  plague  eases  in  the  United  States,  he  states  that 
except  for  one  single  focus  of  thirteen  cases,  this  form  of  the  disease 
has  not  occurred.  This  pneumonic  outbreak  originated  from  a 
bubonic  case  of  squirrel  origin  which  developed  secondary  pneu- 


"  strong,  Teogue,  Cr&weU  anil  Barber,  FhiltppiD«  Jour.  Science,  Sec.  B,  7,  1912. 
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what  tei  ben  mid  m 
opfMrent  thot  llw  |ite<gUJatt  ol 
of  rat  exUTBinodoB  and  pr«t4 
of  the  norUli^  onoac  nte 
^*'*— **•  ecnietSv  for  the  dmcvwerj  at  eaHy  rodent  foo  »  impoi 
laumotioDol  precantms  depend  apoft  qoonntioe  against  rmts 
mv  CMtly  be  earned,  and  bare  been  earned  from  eonntry 
eovntry,  br  sfaipo  and  bf  raiL  The  dinnfestation  of  ahipa  by 
bf  raeasj  of  the  Clayton  apparatus,  and  by  hydroeyanie  aeid 
as  described  by  Creel  and  Fa^ei  of  the  United  States  Pablic  Ui 
Service,  are  among  the  important  methods  in  use  for  the  disinfeata*' 
tion  of  ships,  sleeping  ears,  etc.  Quarantine  regulations  and  the 
aaperriaton  of  incoming  ships  is  important.  In  the  United  Sv 
a  quarantine  of  seven  days  is  imposed  on  ships  arriving  &om  pla| 
porta,  a  period  which  is  probably  not  long  enough.  Precautioosj 
must  be  taken  to  prevent  the  travel  of  rats  along  hawsers  whwx 
ships  are  dock<^d  at  a  wharf,  and  this  ts  osually  accomplished  by 
the  application  of  large  circular  shields  along  the  comae  of  the 
hawsers  in  such  a  way  that  rats  cannot  cross. 

When  foci  of  plagne  are  discovered  in  any  community,  wholesale 
rat  destruetion  and  bohition  of  the  fwus,  by  destruetion  of  build- 
ings, ratprooiing  of  cellars,  etc.,  must  be  resorted  to.  Blake  has 
introduced  a  system  of  which  Castcllani  and  Chalmers  speak  very 
highly,  the  principle  of  which  in  that  the  rat  extermination  and 
other  precautionary  measures  are  started  in  a  wide  circle  about 
the  focus,  working  in  toward  the  center,  since  work  beginning  at 
the  focus  itself  in  an  outward  circle  may  easily  serve  to  scatter 
rats,  rather  than  cireumseribo  them.  In  the  Philippines  and  in 
villages  in  which  natives  live  in  primitive  huts,  actual  burning  of 
the  houses  has  been  resorted  to,  but  tliis,  too,  may  easily  result 
in  merely  scattering  the  rat  population  into  the  neighboring  districts. 
On  a  large  senle.  rnt  extermination  is  usunJly  carried  out  by  poisons 
in  whi<'h  phosphorous  |>MHle  is  perliaps  the  most  important  method. 
Of  especial  importance  is  the  protection  of  food  stores,  and  particular 
attention  to  nil  depositories  of  food,  grain,  etc.,  about  wliich  rata 
are  apt  to  accumulate. 

Bacterioixxjical.  DiAONOftm  or  Suspected  Plague  Cases. — Since 
the  bacteriological  diagnonis  of  the  earliest  eases  that  occur  Is  one  of 


PLAGUE  AND   BACILLU8  PE8TIS 


sai 


the  most  important  problems  of  prevention,  various  governments 
have  laid  down  methods  of  collection  and  shipment  of  material  that 
should  be  followed  in  the  case  of  suspected  cases  in  man  and  rats. 
Public  Health  Reports,  Volume  35,  Niunber  37,  lays  down  the  method 
in  which  material  is  to  be  collected  for  the  United  States.  This  we 
quoti'  in  toto  from  this  Bulletin  as  follows: 

To  tfie  Officent  of  the  Public  Healih  Service  and  State  and  Local  Health 
OJjicera ; 
Owing  to  the  appearance  of  plague   in  eeveral   American  ports  it  is 
important  tliui  all  easeti  of  suspected  plague,  both  in  man  and  animals,  be 
subjected  to  a  baoteriologicnl  examination. 

1.  The  following  material  from  persons  or  rodents  suffering  from  plague 
may  be  &eiat  to  laboratories: 

Human  Cases  (Living) 
(o)  Pus  or  gland  fluid  from  buboes  aspirated  by  syringe  or  collected 
af^er  incision,  on  agar  slants. 

(b)  Portions  of  tissues  afFertpd.  removed  at  operation,  in  sterilized  bottles, 
securely  stnpiiered. 

(c)  Blood  specimens,  in  steriUzed  sealrd  j^lass  ampules  or  test  tubes, 
{d)  Cultures  of  suspected  organisms,  on  agar  slants. 

Hnman  Gases  (Xecropsy) 
(a)  Portions  of  the  affected  tissues — preferably  bubo,  lung  and  spleen — 
in  sterilized  glass  bottles,  securely  stopj^ered. 
Rodents 
(a)  The  whole  rodent  carcass,  in  fruit  i>reser\'ing  jar, 

2.  Do  not  place  tiasnes  or  rodents  in  a  preservative.  The  bacteriological 
diagnosis  of  plague  rests  upon  the  production  of  the  disease  in  laboratory 
Animals,  and  the  isolation  and  growth  of  the  cjiusativc  organism.  Bacillus 
pestis.  Any  preservative  that  kills  this  organism  will  defeat  the  purpose 
of  the  examination.  If  decomposition  of  the  specimen  is  feared,  it  may  be 
placed  in  a  tight  container  and  this  in  turn  surrounded  by  ice  in  a  larger 
container,  preferably  of  wood.  Every  specimen  should  bo  plainly  marked 
preferably  by  ordinary  peneil.  showing  the  date  and  the  exact  location  from 
which  it  was  taken. 

3.  The  shipper  must  make  certain  that  the  specimen  is  packed  in  such 
manner  as  to  prevent  possible  danger  to  those  handling  the  same,  pro\'ided 
the  package  is  properly  handled. 

In  this  connection  it  is  necessary  that  specimens  be  wrapped  in  sufBcient 
cotton  or  other  absorbent  material,  to  prevent  leakage  of  fluid  from  the 
container  should  the  glass  be  broken. 

The  Following  Instructions  should  be  explicitly  observed^ 
1.  Ship  bij  exprpas^Federal  laws  prohibit  the  shipping  of  plague-infected 
materialj  or  cultures,  by  mail. 
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6  HDall  putiktiges  are  more  likely 
ifcaiM  b*  wukcxl  as  follows: 


Notice 

perishable  3]>eeimezis 
bxfcgwJbpCTl  exftminntion 
Plwin  Expedite 

C^nM  «Mite|i«3r  atUBt  of  courst^  be*  madi*  on  all  cases,  animal  ur 
JitwIkiL  The  K'sions  iu  rats  have  been  fully 
itfcliutL  l^ilturfs  arr  takon  on  agar  and  smears 
«»r  sputum,  staini'd  by  Loeffler's  mcthylenc-blue, 
a4^f««rUM^  auil  dcfirv iteration  forms  of  the  organisms 
bwokni  tir^  OritoHMK  diagnosis  is  then  made  by  the  appearance 
^Ih^  Iff  iwtim  wgJtttrWT.  and  their  colonies,  the  staining  properties, 
a^;  JM  mh  a|?ftr,  agfclutination  in  immune  sera,  and,  above 

aU^  mrr."A!it1nr  «1  ratst  and  guinea-pigs  with  observation  of  the 
oHA>N««.*K«fattk  WaioMai  iu  tht^e  animals. 

s^  Ifer  «xaAiikation  of  rats  for  plague  is  an  important  phase 
#it  lW«l«iky  ^fVMeUkkei.  i(  nmy  he  well  to  review  the  typical  lesions 
ttl  IIk«»  aatlaala  aa  dMlerib<^d  by  an  experienced  American  student 
«t  |^U|P>t  llwr|^»  \V.  MK-oy.«*  McCoy,  agreeing  with  the  Indian 
l^llhilf^  i^^Ului!(!Aion.  st«i»*«  that  the  naked  eye  is  superior  to  the 
Mik'V^WM^^KHhl  cxaminatiou.  There  is  engorgement  of  the  subcutane- 
«Mk&  vwwrW  Aud  a  pinV  coloration  of  the  muscles.  The  bul)o  when 
|4t«Mllt  U  N    '  t'or  diagnosis.     Marked  injection  surrounds  it 

HIHI  T«^^«w^tiu.  -  . i.  . 0  is  hemorrhagic  infiltration.  The  gland  itself 
laSr«u  Imt  usu^ll^v  ca5eo\w  or  occasionally  hemonhagic.  In  the  liver 
|>M»]fv  fei  api^arrut  fatty  change,  but  this  is  due  to  necrosis.  Pin-point 
■  '  -n-*  \\  a  utippled  apiH'uranee  as  though  it  had  been  dusted 
l>|Kr,  Pleural  cfTtision  is  an  important  sign.  The  spleen 
l«  largi\  friable,  and  often  presents  pin-point  granules  on  the  surface. 
t>no  or  two  per  e*»ut  of  rats  may  present  no  gross  lesions.  Cultures 
alu^ttld  of  co«<T*c  he  made.  The  method  of  examination  consists  in 
tMacming  the  rat  in  any  convenient  antiseptic  to  kill  fleas  and  other 
«KMo|Mirasilt*».  The  rats  arc  nailed  by  their  feet  to  a  shingle  and 
lhf»  skin  ia  rcllcctcd  from  the  whole  front  of  the  body  and  neck 
ao  aa  to  expose  the  cervical,  axillary,  and  inguinal  regions.  The 
Uiorach*  and  abdominal  cavities  are  then  opened  and  examined. 


I 


•«ir«r«y,  Joor.  of  Inf.  01*..  vi,  1909;  George  W.  McCoy,  Public  Health  Boporta, 
Jttty,   10  IS. 
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"An  excellent  example  of  the  circumscription  of  a  plagne  focus 
at  its  firet  discovery  is  one  which  we  take  from  a  note  by  Rucker 
in  the  United  States  Publitr  Health  Service  Report,  No.  28,  1915, 
baaed  largely  on  the  work  of  Passed  Assist.  Surg.  R.  A.  Kearny. 

In  Sontember,  1914,  a  dead  Muh  uorvegicuft  was  found  on  a  street  comer 
in  New  Orleans.  Laboratory  examination  proved  this  plague  rnfocied.  The 
district  wii»  searched  for  other  rats  and  on  the  lOth  of  Septemt»er  a  similar 
plagne  rat  was  found  in  the  neighborliood  in  u  Chinese  restaurant  loi-ated 
in  a  ramshackle  frame  building,  situated  between  a  rat-proof  briek  building 
and  an  open  lot.  Behind  the  restaurant  was  a  frame  abed  which  was  not 
rat  proof.  A  snrvey  of  the  district  followed,  in  which  thirty-eipht  infected 
rats  were  discovered,  all  of  thrm  of  the  same  species  as  the  precedinp.  One 
liuMilred  and  thiiteen  dead  rats  were  found,  and  two  infected  rats  were  found 
on  a  neighborinfr  street  corner.  Twenty-one  were  found  in  the  Chinese 
rest-aurant,  and  one  in  the  open  lot  and  the  other  in  the  neighborhood.  Rucker 
believes  that  the  focus  was  eliminated  hirgrely  because  there  wa?  plenty  of  food 
in  this  particular  neighborhood,  and  ratr*  could  not  easily  leave  there  without 
entering  the  street,  a  thing  which  they  would  have  done  only  under  the 
pressure  of  shortage  of  food  supply.  He  calls  attention  to  the  fact  that 
if  this  had  been  a  focus  of  Mus  ratus  or  Mus  aUxandrinus  which  are  climbing 
rata,  the  original  focus  would  rapidly  have  been  spread.  But  since  the 
Mus  norvegtcus  is  a  ground  rat,  it  was  closed  in  by  the  neighboring  brick 
walls.  In  the  operations  following  these  discoveries,  the  building  chiefly 
infested  was  torn  down  and  tlie  frnme  sheds  behind  it  were  rendered  not 
inhabitable  for  rats.  Many  rats  wore  found  dead  and  a  considerable  number 
were  kille*i.  Fumigation  was  carried  out  on  the  premises,  and  these  and 
other  premises  washed  down  with  tank  oil  for  the  purpose  of  killing  fleas. 
Very  few  rats  escaped.  An  interesting  control  was  carried  out  which  has 
been  introduced  into  plague  campaigns,  namely,  that  guinea-pigs  were  placed 
into  tlie  fumigated  premises  after  fumigation.  One  of  these  conlrncted  plague 
and  died,  and  the  place  was,  therefore,  refumigated.  Ouinea-pigs  which 
had  been  used  as  controls  in  other  places  remained  alive.  Only  one  human 
case  was  attributable  to  this  focus. 

A  Bulletin  published  by  the  United  States  Public  Health  Service 
in  November,  1920,  (35,  No.  45)  has  laid  down  ordinances  for  rat- 
proofing.     These  we  quote  in  toto  directly  from  tins  Bulletin. 

"The  rat-proofing  of  buildings  is  generally  secured  either  by  elevation 
of  the  structure,  with  the  underpinning  open  and  free,  or  by  marginal 
rat-proof  walla  of  concrete  or  of  stone  or  brick  laid  in  cement  mortar, 
sunk  two  feet  into  the  ground,  and  fitting  flush  to  the  floor  above.  Th« 
wall  must  fit  lightly  to  the  flooring  and  not  merely  extend  to  the  joists  of- 
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supporting  timbers,  as  tliis  would  result  in  open  spncesy  permitting  the 
entrance  of  rodents.  Groceries,  stables,  warehouses,  markets,  and  food  depots 
in  general  are  best  rat-proofed  by  having  a  concrete  lioor  in  addition  to 
concrete  walls.  In  these  structures,  uuteuanted  as  they  are  at  night,  ratfl 
might  well  enter  by  a  doorway  or  window  carelessly  left  open^  or  be  intro- 
duced concealed  in  merchandise,  and.  gnawing  through  plank  flooring,  obtain 
a  well-protected  hiding  place. 

"In  addition  to  concrete  lloor  nnd  wall:^,  these  foo*l  depot.s  must  have 
tight-fitting  doore,  and  all  windows  and  other  openings  sliould  be  properly 
screened.  A  12-guage  wire  is  preferable  on  account  of  its  strength  and 
durability,  and  the  nicsh  should  not  be  larger  tliaii  one-half  inch. 

"Hat-proofing  by  elevation  of  the  building  is  chieHy  applicable  to  small 
and  medium  sized  frame  dwellings.  The  purpose  is  to  have  a  sutlicient 
elevation,  about  two  feet,  so  that  the  ground  area  beneath  will  be  as  exposed 
and  free  from  eovert  aa  land  unbuilt  upon.  Marginal  rat-proofing  will 
sntnce  in  more  prolentious  dwelling  whf>re  suHlcicnt  care  can  be  exeroiaed 
to  prevent  rat»  from  gnawing  through  the  plank  floors. 

"Chicken  pens  can  be  protected  by  marginal  concrete  walls,  sunk  into 
the  ground  two  feet  or  more,  and  by  covering  the  sides  and  top  witli  Va-inch 
mosh  wire  netting.  Garbage  cans  sliould  be  made  of  t<«r\'iceable  nketal  and 
should  have  properly  fitting  tops. 

"Plank  sidewalks  and  plank  coverings  fur  yards  should  be  a\'oided. 
Cinders  and  concrete  should  be  used  instead.  The  latter  should  have  marginal 
protection  to  prevent  rats  from  burrowing  beneath  it, 

''Double  walls,  with  a  dead  space  between,  should  be  avoided,  or,  if  tised, 
they  should  be  rat-proofed  at  the  top  and  bottom  with  henvy  wooden  timbers, 
4  by  4-inch  fillers,  or  by  a  concrete  fill.  Attir>  should  be  well  opened  and 
kept  free  of  rubbish  or  other  refuge  tor  rats. 

"These  precautions  again.st  rat  harborage  and  for  the  protection  of  food 
supplies,  in  connection  with  careful  trap]>ing  and  poisuning,  will  he  attended 
with  considerable  success  in  the  destruction  of  rats. 

"The  appended  model  ordinance  is  applicable,  with  perhaps  slight  modifi- 
cations, to  any  urban  community.  It  should  be  examined  by  competent  local 
counsel  for  changes  in  form,  or  in  substance  if  necessary,  as  dictated  by 
special  constitutional,  legislative,  or  charter  considerations." 

Plague  Vaccination. — The  immunization  of  animals  with  suspen- 
sions of  plagrue  bacilli,  killed  by  moderate  heating,  50**  for  one 
hour,  was  first  attempted  by  Yersin,  Calmette  and  Borrel  in  1897. 
Kollc,"  HafTkine"  and  otherH  studied  plague  vaecination  particularly 
in  the  subsequent  years.    A  great  many  different  vaccines  have  been 

'Kolle,  loe.  elt. 

^  Baffkinc,  loc.  c»t. 
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^ntrodnced  since  then.  The  one  most  extensively  used  is  that  of 
Haffldnc,  which  consists  of  cultures  grown  in  broth  in  shallow  bottles 
lor  six  weeks  at  room  temperature  and  shaken  once  a  day.  At  the 
end  of  this  time  they  arc  sterilized  at  65°  for  several  hours.  The 
tuaterial  then  consists  of  degenerated  organisms  and  extracts  of 
'*the  organisms.  Glycerinated  broth  cultures  have  been  introduced, 
*but  so  tar  have  had  little  practical  application.  The  German  Plaguo 
^Commission"  in  1899  introduced  the  use  of  heated  cultures  to  which 
0.5  per  cent  carbolic  acid  had  been  added.  Strong"  believing  that 
attenuated  living  bacilli  might  be  more  efficient  than  dead  cultures, 
''produced  vaccines  from  a  three  years'  old  laboratory  culture,  sub- 
sequently cultivated  at  temperatures  above  41°.  These  living  cul- 
tures after  such  treatment  had  lost  their  virulence  for  guinea-pigs 
and  monke>*a  almost  completely.  He  vaccinated  forty-two  individ- 
uals with  these  cultures  \vithout  harm,  and  with  resulting  develop- 
ment of  specific  antibodies.  The  method  is  probably  quite  efficient 
'but  because  of  the  possible  danger  involved  in  it,  has  not  been 
'extensively  employed.  The  so-called  nucleo-protcin  vaccins  of  Lus- 
Tig  and  Oalcotti,*"  that  is,  plague  bacilli  extracted  with  weak  alkalin 
solutions  and  precipitated  with  acid  in  the  cold,  have  been  studied 
extensively  by  Rowland^  and  others,  and  Rowland  made  several 
vaccines  of  his  own  in  one  of  which  he  extracted  the  bacterial  ma.ss 
With  sodium  sulphate.  He  also  used  cultures  killed  with  chloroform. 
None  of  tbose  vaccines  have  had  any  extensive  application  except 
that  of  HafTkine  which  has  been  used  by  the  British  Government 
Sanitary  organization  in  India  on  a  very  large  scale.  Bannermann, 
Bitter  and  more  recently,  Major  Glen  Listtm"  have  analyzed  the 
results  obtained  with  HafFkine's  virus  of  which  over  eight  million 
doses  were  distributed  in  India  between  1886  and  1899.  According 
to  these  studies  the  HalTkine  virus  seems  to  be  of  definite  prophy- 
lactic value,  though  not  completely  protective  as  one  would  expect 
from  the  nature  and  virulence  of  tlie  disease.  Major  Liston  states 
in  his  report  of  the  Bombay  Bacteriological  Laboratory  for  the  years 
1913  to  1916,  that  it  is  quite  impossible  to  give  any  positive  state- 
ment for  India,  but  that  in  isolated  epidemics  in  which  careful  figures 


**  Ofiiman  Plaguo  CommiBBion  Report,  1S99. 

'Strong^  Philip,  Jour.  Scieac«.,  Sec.  B,  1907  and  1912. 

^Lustig  and  GaUotti,  Deut.  med,  Woch.,  1897-1912. 

^Howland,  Journal  of  Hygiwifl,  1910-lDM. 

"i.i>fon,  Maj.  Qlen,  Bombay  Bactcr.  Lab.  Rep.,  1913  1916, 
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could  be  s«ciired«  the  indicatioikif  are  that  the  raoeinc  ha^  been  of 
great  value.  Ib  one  town  in  India,  7M  indi^-iduala  were  inoeuiated, 
and  286  uninoculatcd,  and  aniong  the  inoculated  tliere  were  only 
twelve  caaes  and  three  deaths,  while  among  the  smaller  number 
oi  the  untreated,  thirty  cases  developed  and  twenty-five  died.  In 
ic  house  there  were  four  vaccinated  and  three  unvaccinated.  All 
>f  the  uuvaccinated  died,  and  only  one  of  the  vaccinated  contracted 
the  diaease  and  he  recorercd.  A  number  of  similar  studies  are  cited 
by  Major  Liston.  There  scems^  therefore,  to  be  verj'  little  doubt 
aa  to  the  protective  value  of  some  form  of  plague  vaccination. 
Whether  or  not  the  Ha^ine  virus  is  the  most  useful  and  dnal 
method,  cannot  of  course  be  stated  at  the  present  time. 

THE  PLAGUK-LIKE  DISEASE  OF  RODENTS  (McCOY)" 

Bacterium  Tularense  (McCoy  and  Chapin)"* 

McCoy  has  described  a  disease  occurring  in  Califomian  ground 
squirrels  (Citellus  beechyii  which  presents  lesions  very  similar  to 
those  of  plague  in  these  animals.  In  fact  the  disease*  was  noticed 
in  the  course  of  the  systematic  examination  of  rodents  by  McCoy 
at  the  Federal  Laboratory  in  San  Francisco.  Although  McCoy  waa 
able  to  transmit  the  disease  to  guinea-pigs,  mice,  rabbits,  monkeys, 
and  gophers,  and  plague-like  lesions  could  be  produced  in  most  of 
the  animnls,  he  was  at  fii*st  entirely  unable  to  cultivate  any  organism 
from  these  lesions.  In  1912  McCoy  and  Chapin  iinally  succeeded 
in  growing  the  specific  bacterium  on  an  egg  medium  made  entirely 
of  the  yolk.  Morphologically  it  is  a  verj-  small  rod,  0.3  to  0.7  micron 
in  length  and  often  capsulatcd.  The  rods  stain  poorly  ^vith 
methylene  blue,  better  with  earbol  fuchain  or  gentian  violet.  They 
are  found  in  large  numbers  in  the  spleen  of  animals  dead  of  the 
disease. 

THE  BACILLI  OF  THE  HEMORRHAGIC  SEPTICEMIA  GROUP 

In  many  of  the  lower  animals  there  occur  violently  acute  bacterial 
infections  characteriTied  by  general  septireinia,  usually  with  petechial 
hemorrhages  throughout  the  organs  and  serous  membranes  and 
severe  intestinal  inflammations.  These  diseases,  spoken  of  as  the 
"hemorrhngie  septicemias,"  are  caused  by  a  group  of  i-losely  allied 

^  McCoy,  V.  8.  Public  Health.  B«1L  43,  1911. 
"■IfrCoy  ftnd  Ch4tpin,  Jour,  of  Inf.  Dis.,  Xf  1913, 
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bacilli,  first  olas«ified  together  by  Hucppe"  in  1886.  Some  conftjsion 
has  existed  us  to  the  forms  wiiieh  should  be  considered  witliiti 
Hueppe's  group  of  *' hemorrhagic  septicemia,*'  a  number  of  bac- 
teriologists including  in  this  class  bacilli  such  as  Looffler's  Bacillus 
typhi  murium,  and  Salmon  and  Smith's  iiog-cholera  bacillus,  miero- 
organisms  which,  because  of  their  motility  and  cultural  character- 
istics, belong  more  properly  to  the  "Gartner,"  **enteritidis."  or 
"paratyphoid"  group,  intermediate  between  colon  and  typhoid. 

The  organisms  properly  belonging  to  this  group  are  short  bacilli, 
more  plump  than  are  those  of  the  colon  type,  showing  a  marked 
tendency  to  stain  more  deeply  at  the  poles  than  at  the  center.  They 
are  non-motile,  possess  no  flagctla,  and  do  not  form  spores.  They 
grow  readily  upon  simple  media,  but  show  a  very  marked  preference 
for  oxygi'n,  grooving  but  slightly  below  the  surface  of  media.  By 
Bome  observers  they  are  charaeterizod  as  ''obligatory  aerobes,"  but 
this  is  undoubtedly  a  mistake. 

While  showing  eonsiderable  variations  in  form  and  difTerences 
in  minor  cultural  characteristics,  the  species  characteristics  of  polar 
staining,  deeolorization  by  (tram,  immobility,  lack  of  gelatin  lique- 
faction, and  great  pathogenicity  for  animals,  stamp  alike  all  mem- 
bers of  the  group.  Its  chief  recognized  representatives  are  the 
bacillu.s  of  chicken  cholera,  the  bacillus  nf  swine-plague  (Deutsche 
Schwcineseuche),  and  the  Uaeillus  pleurosepticus  which  causes  an 
acute  disease  in  cattle  and  often  in  wild  game. 

Because  of  certain  cultural  and  pathogenic  characteristics,  it 
seems  best  to  consider  the  bacillus  of  bubonic  plague  with  this  group. 


BACILLUS  OF  CHICKEN  CHOLEBA 

{Bacillus  avisepticics) 

The  bacillus  of  chicken  cholera  was  first  earefully  studied  by 
Pasteur"  in  1880.  It  is  a  short,  non-motile  bacillus,  measuring  from 
0.5  to  1  micron  in  length.  Stained  with  the  ordinary  anilin  dyes, 
it  displays  marked  polar  staining  qualities,  which  often  give  it  the 
appearance  of  being  a  diplococcus.  It  is  decolorized  by  Oram's 
method.  It  does  not  form  spores,  but  may  occasionally  form 
vacuolated  degeneration  forms,  not  unlike  those  described  for  Bacil- 
lus pestis. 

**Hucppe,  Berl,  Win.  "Woch..  1886. 

'^ Pasteur,  Comptce  rend,  de  I'acad.  dM  bci.,  1880. 
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The  bacillus  is  easily  cultivated  from  the  blood  and  orgaas  of 
infected  auiznaU,  it  grows  well  upon  the  simplest  media  at  tempera- 
tures varj'ing  from  25^*  to  40°  C.  In  broth,  it  produces  uniform 
clouding  with  later  a  formation  of  a  pellicle.  Upon  agar  it  forms, 
within  twenty-four  to  forty-eight  hours,  minute  colonies,  white  or 
yellowish  in  color,  which  are  at  first  transparent,  later  opaque.  Upon 
gelatiHf  it  grows  without  liquefaction.  Upon  milk,  the  growth  is 
alow  and  does  not  produce  coagulation.  According  to  Kruse,**  indol 
is  formed  from  pepton  bouillon.  Acid,  but  no  gas,  is  formed  in  sugar 
broth. 

Among  barnyard  fowl,  this  disease  is  widely  prevalent,  attadcing 
chickens,  ducks,  geese,  and  a  large  variety  of  smaller  birds.  The 
infection  is  extremely  acute,  ending  fatally  within  a  few  days.  It 
is  accompanied  by  diarrhea,  often  with  bloody  stools,  great  exhaus- 
tion, and,  toward  the  end,  a  drowsiness  bordering  on  coma.  Autopsy 
upon  the  animals  reveals  hemorrhagic  inHauunation  of  the  intestinal 
mucosa,  enlargement  of  the  liver  and  spleen,  and  often  broncho- 
pneumonia. 

The  specific  bacilli  may  be  found  in  the  blood,  in  the  organs, 
in  exudates,  if  these  arc  present,  and  in  large  numbers  in  the  dejecta. 
Infection  takes  place  probably  through  the  food  and  water  con- 
taminated by  the  discharges  of  diseased  birds,^^ 

Subcutaneous  inoculation  or  feeding  of  such  animals  with  pure 
cultures,  even  in  minute  doses,  gives  rise  to  a  quickly  developing 
septicemia  which  is  uniformly  fatal.  The  bacillus  is  extremely 
pathogenic  for  rabbits,  less  so  for  hogs,  sheep,  and  hoi*8es,  if  infection 
is  practiced  by  subcutaneous  inoculation.  Infection  by  ingestion 
does  not  seem  to  cause  disease  in  these  animals. 

Historically,  the  bacillus  of  chicken  cholera  is  extremely  in- 
teresting, since  it  was  with  this  microorganism  that  Pasteur"  carried 
out  some  of  his  fundamental  researches  upon  immunity,  and  suc- 
ceeded in  immunizing  chickens  with  attenuated  cultures.  The  first 
attenuation  experiment  made  by  Pasteur  consisted  in  allowing  the 
bacilli  to  remain  in  a  broth  culture  for  a  prolonged  period  without 
transplantation.  With  minute  doses  of  such  a  culture  (vaccin  I) 
he  inoculated  chickens,  following  this,  after  ten  days,  with  a  small 
dose  of  a  fully  virulent  culture.  Although  enormously  important 
in  principle,  the  practical  results  from  tliis  method,  as  applied  to 

'^Knuc,  in  Flugge'a  "Die  Mikroorganiamen." 

'Salmon,  Bcp.  of  the  Com.  of  Agriculture.  1880.  1881,  and  IS8S. 
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chicken  cholera,  have  not  heen  satisfactory.  It  was  with  this  bacil- 
lus, furthermore,  tliat  Pasteur  was  fii-st  able  to  demonstrate  the 
existence  of  a  free  toxin  which  could  be  separated  from  the  bacteria 
by  filtration. 


I 


BACILLUS  OF  SWINE  PLAQUE 
{Bacillus  suisepticus,  Schweinescuche) 

This  microorganism  is  almost  identical  in  form  and  cultural 
characteristics  with  tiie  bacillus  of  chicken  cholera.  It  is  non-motile, 
forms  no  spores,  is  Gram-negative,  and  does  not  liquefy  gelatin. 
The  bacillus  causes  an  epidemic  disease  among  hogs,  which  is  char- 
acterized almost  regularly  by  a  bronchopneumonia  followed  by 
general  septicemia.  There  is  often  a  sero-sanguineous  pleural 
exudate,  a  swelling  of  bronchial  lymph  glands  and  of  liver  and 
spleen.  T})e  gastrointestinal  tract  is  rarely  afTeeted.  The  bacilli 
at  autopsy  may  be  found  in  the  lungs,  in  the  exudates,  in  tlie  liver 
and  spleen,  and  in  the  blood.  The  disease  is  rarely  acute,  but,  in 
young  pigs,  almost  unifarmly  fatal. 

It  is  probable  that  spontaneous  infection  usually  occurs  by  in- 
halation. Experimental  inoculation  is  successful  in  pigs,  both  when 
given  suhcutaneously  and  when  administered  by  the  inhalation 
method.  Mice,  guinea-pigs,  and  rabbits  arc  also  susceptible,  dying 
within  three  or  four  days  after  subcutaneous  inoculation  of  snjall 
doses. 

Active  and  passive  immunization  of  animals  against  Bacillus 
suJsepticus  has  been  attempted  by  various  obser^'ers.  Active  im- 
munization, if  carried  out  mth  care,  may  be  successfully  done  in 
the  laboratory.  Passive  immunization  of  animals  with  the  serum  of 
actively  immunized  horses  has  been  practiced  by  Kitt  and  Mayr,'* 
Schriebcr,"  and  Wassermann  and  Ostertag.  The  last-named  ob- 
servers, working  with  a  polyvalent  seioim  produced  with  a  number 
of  different  strains  of  the  bacillus,  have  obtained  results  of  consider- 
able practical  value.  The  researches  of  Kitt  and  Mayr  have  revealed 
a  fact  pointing  to  the  interrclationslup  of  the  bacilli  of  the  "hemor- 
rhagic septicemia"  group.  They  were  able  to  show  that  the  serum 
of  horses  immunized  M-ith  chicken  cholera  bacilli  was  able  to  protect, 
somewhat,  against  Bacillus  suisepticus. 


"Eitt  ftnd  Maijr,  Monataschr.  f,  Thior  Leilk.,  vol.  8,  18»7. 
'^Schricbcr,  Bcrl.  Thierarztl.  Wochenachr.,  vol.  10,  1899. 
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latVction  with  the  bacillus  of  swiiic  plague,  in  hogs,  is  often 
aircompauied  by  an  infection  with  the  hog-cholera  bacillus  (Schweine- 
|K'6t).  The  latter,  as  we  have  seen,  is  a  microorganism  belonging 
to  the  enteritidis  group,  intermediate  between  Bacillus  coli  and 
l^aoillus  typliosus,  and  differing  from  suisepticus  in  being  actively 
motile*  iH^ssessing  tlagella,  not  showing  the  polar  staining,  having 
a  more  sh»nder  morphology,  and  producing  gas  upon  dextrose  broth. 
A  oonfusiou  lH»tween  the  two  bacilli  frequently  occurs  because  of 
their  nomenclature.  Bacteriologically  and  pathogenically,  they  are 
quite  distinct.  Bacillus  suisepticus  produces  an  acute  septicemia, 
aceompanied  by  bronchopneumonia  and  usually  not  affecting  the 
frastnvinteatinal  canal.  The  bacillus  of  hog  cholera  produces  an 
itifeetiou  localized  in  the  intestinal  canaL 


V. 


CHAPTER   XLII 

ASIATIC  CHOLERA  AND  THE  CHOLERA  ORGANISM 
(Spirillum  cholera  asinixcGe,  Comma  Bacillus) 

The  organism  of  Asiatic  choltra  was  unknown  until  1883.  In 
this  year,  Koch/  at  the  head  of  a  commission  established  bv  tl^e 
German  government  to  study  the  disease  in  Kgypt  and  Indin,  jjp- 
covered  the  *'comma  bacillus"  in  tlie  defecations  of  patients,  and 
satisfactorily  determined  its  etioloficical  signifieanee. 

Koch's  investigations  were  carried  out  on  a  large  number  of 
cases  and  many  investigations  have  since  then  corroborated  his 
results. 

Apart  from  the  evidence  of  the  constant  association  of  the  cliolera 
spirillum  with  the  diseas*',  the  etiological  relationship  has  been 
clearly  demonstrated  by  several  accurately  recorded  accidental  in- 
fections occurring  in  bacteriological  workers,  ^nd  by  the  famous, 
experiment  of  Pettenkofer  and  Emmerich ,  who  purposely  drank. 
water  contaming  cholera  spirilla.  Both  observei-s  became  seriously 
ill  with  typical  clinical  symptoms  of  cholera,  and  one  of  them  nar* 
rowlv  osfaped  cleatKT 

Morphology  and  Staining. — The  vibrio  or  spirillum  of  cholera  is 
a  small  curved  rod,  varying  from  one  to  two  nucra  in  length.  The 
dcgroe  of  curvature  may  vary  from  the  slightly  bent,  comma-like 
form  to  a  more  or  less  distinct  spiral  with  one  or  two  turns.  The 
spirals  do  not  lie  in  the  same  plane,  being  arranged  in  corkscrew 
fashion  in  three  dimensions.  The  anirillum  is  actively  motile  ^nd 
owes  its  motility  to  a  single  polar  flagollum.  best  demonstrated  by 
Van  Krmengem's  flngella  stain.  Snores  are,  ""t  f""Hijj,  Tn  young 
cultures  the  conmia  .shapes  predominate,  in  older  growths  the  longer 
forms  are  more  numerous.  Strains  which  have  heey]  ('iiltU-nted 
artificially  for  prolonged  periods  without  passage  through  the  animal 
body  have  a  tendency  to  lose  the  curve,  a.ssnming  a  more  bacillus- 
like  appearance^  The  spirilla  are  stained  with  all  the  usual  aqueous 
anilin  dyes.    They  are  decolorized  by  Gram's  method^  In  histological 
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section  thoy  are  loss  easily  stained,  but  may  be  demonstrated  by 
staining  with  alkaline  methylene  blue. 

Cultivation. — The  cholera  spirillum  gi'ows  easily  upon  all  the 
usual  culturv  media,  thriving  upon  meat-extract  as  well  as  upon 
meat-infu&ion  mi*dia.  Modei%tc  alkalinity  of  the  media  is  prefer- 
able, tliouRh  slight  acidity  docs  not  prevent  ffrou-th. 

Id  gvhtin  platrs  growth  appears  at  room  temperature  within 
twenty-four  hours  as  small,  stmngly  refracting  yellowish-gray,  pin- 
head  coloidca.    Aa  igrowtfa  increases  the  gelatin  is  fluidified.    Under 


Kia   87— CnoLSTU  Sputnxttu     (After  FV&nkel  and  Pfeiffer.) 


magniftcation  those  colomes  appear  coarsely  granular  with  margins 
irregular  because  of  the  liquefaction.  Liquefaction,  too,  causes  a 
rapid  development  in  such  colonies  of  separate  concentric  zones  of 
varying  ret'ruelive  power.  Old  strains,  arliiieially  cultivated  for 
long  periods,  lose  much  of  their  liquefying  power. 

\u  g^^^'M'^  '^ib  cu't*''---  tluifl'^'^^tinn  ix-gmH  nt  the  ^ir^i^fi.  ^»p^^y 

giving  rise  to  the  familiar  funnel-shaped  excavation. 

Upon  atjor  phtes,  within  eighteen  to  twenty-four  hours,  grayish, 
opaleseent  colnnit'S  appear,  which  are  as  a  rule  easily  differentiated 
by  their  transparency  from  the  other  bacteria  apt  to  appear  in  feces. 
Agar  plates,  therefore,  are  important  in  the  isolation  of  these 
organisnia 
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potato,  growth  is  profuse  and  appears  as  a  brownish  coarse  layer.  In 
milk,  gro^vth  is  rapid  and  without  coagulation.  TjL_fern//ij  gmrrni 
ifi/ffli^tiag  »"'^   ^^'^   formnfinn   of  a  p?l|iic^   p^iilt.      Th^   TftP'^l'^y   ""'"^ 

rjaxuriance  of  growth  of  the  cholera  spirillum  upon  alkaline  pepto n 
'iohttions  render  such  solutions  peculiarly  useful  as  cnrichinj?  media 

in    isolating   this    Tnir''"^^R^"^^^^    inmi    thp    stonla    f^f    pniit>ntH       In 

pepton  solution,  too,  the  cholera  spirillum  Kivea  nso  to  abundant 
indol,  demonstrated  in  the  so-called  "cliolera-red"  reaction.  This 
[reaction  has  a  distinct  diagnostic  value,  but  is  by  no  meanispccific. 
In  the  case  of  the  cholera  spirilliun  the  mere  addition  of  strong^ 
sulphuric  acid  suffices  to  bring  out  tlic  color  reaction.    Tlus  is  due 


Fia.  88. 


Fio.  89. 


FiQ.  88. — Cholxha  Spirillum.    Stab  Culture  in  Gelatin,  three  days  old. 
Fia.  89. — Cholkba  SpiHiLLUtf.    Stab  Culture,  in  Gelatin,  six  days  old.     (Aftex 
FrankdondPfeiffer.) 

to  the  fact  that,  unlike  some  other  indol-producing  bacteria,  the 
cholera  organism  is  able  to  reduce  the  nitrates  present  in  the  medium 
to  nitrites,  thus  itaelf  furnishing  tlie  nitrite  necessary  for  the  color 
reaction.  The  medium  which  is  most  suitable  for  this  test  is  that 
proposed  by  Dunham,'  consisting  of  a  solution  of  1  per  cent  of 
pure  pcpton  and  .5  per  cent  NaCI  in  water. 

Dicudonn6  has  recommended  a  selective  medium  upon  which 
cholera  spirilla  will  grow  well,  but  upon  w^hich  the  colon  bacillus 
will  grow  either  very  sparsely  or  not  at  all.  Cocci  will  produce 
minute  pin-point  colonies  only  and  other  common  bacilli  like  those 
of  the  proteus  group  will  grow  hardly  more  easily  than  bacillus 
coli.    Its  preparation  is  very  simple. 

■ZhinAdtn,  Zeit.  f.  Hyg.,  ii,  1887. 
*Vxeitdonn6  A.,  Cent.  Bakt.,  1.,  orig.,  1909, 
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To  seventy  parts  of  ordinary  3  per  cent  agar,  neutralized  to  litmus,  there 
ore  added  thirty  jiarts  of  a  sterile  mixtare  of  equal  parts  of  detibrinated 
be«f  blood  aud  normal  sodium  hydrate. 

The  latter  is  Bterilized  by  sluam  before  being  added  to  the  agar.  This 
pure  alkali  agar  is  poured  out  in  plates  and  allowed  to  dry  several  days  at 
37*  or  five  minutes  at  60**. 

The  material  to  be  examined  is  smeared  upon  the  surface  of  these 
plates  with  a  glass  rod.  If  the  blood-alkali  mixture  is  prepared 
beforehand  and  allowed  to  stand  for  four  or  five  weeks,  the  plates 
may  be  ust»d  immt'diately  after  pouring  (Teague). 

The  prineiple  of  this  medium  is  that  cholera  will  grow  jp  the 
presenee  of  an  amount  of  alkali  which  inhibits  other  fecal  hnet^>ria. 


Fur  oilier  cholera  media  see  the  section  on  media  in  the  first  part 
of  this  book. 

The  ratiofiai  basis  for  the  isolation  of  cholera  spirilla  from  fecal 
or  other  material  is  found  in  two  chief  properties  of  the  spirilla. 
These  have  been  described  to  us  by  Teague  as  follows:  (1)  It  grows 
on  media  of  an  alkalinity  that  retards  or  completely  inhibits  the 
growtli  of  most  of  the  fecal  bacteria.  (2)  It  conies  to  the  surface 
of  fluid  media,  rich  in  oxygen,  to  a  greater  extent  than  do  the 
fecal  bacteria. 

The  best  result.s  in  the  practical  isolation  of  the  cliolera  spirilla 
from  stools  are  obtained  by  making  use  of  both  of  these 
properties  from  the  beginning.  A  portion  of  the  stool  is  seeded 
directly  into  alkaliii-pepton  water.  The  broth  used  should  bo 
distinctly  alkalin,  titrated  to  —0.5,  or  —1.0,  wilh  phenolphthalein. 
After  six  to  twelve  hours,  a  loopful  from  the  surface  of  these  pepton 
water  tubes  is  plated  upon  plates  of  Dieudonne*s  medium,  and  is 
also  transferred  to  a  second  scries  of  alkalin-pcpton  water  tubes. 
Once  isolated,  the  spirilla  are  identified  by  their  morphology  and 
motility,  by  the  appearance  of  their  colonies,  by  their  manner  of 
growth  upon  gelatin  stabs,  by  the  cholera-red  reaction,  and.  finally, 
by  agglutinative  tests  in  immune  sera.  Owing  to  the  existence  of 
other  spirilla  morphologically  and  culturally  similar,  the  serum  reac- 
tions are  the  only  al)solute]y  positive  differential  criteria. 

For  isolation  of  the  bacteria  from  water,  it  is,  of  coui-se,  necessary 
to  xise  comparatively  large  quantities.  Fliigge  and  Bitter  advise 
the  distribution  of  about  a  liter  of  water  in  ti'n  or  twelve  Krlcn- 
meyer  flasks.  To  each  of  these  they  add  10  e.e.  of  sterile  pepton-salt 
HoTution  (pepton  ten  per  cent,  NaCl  five  per  cent).    After  eighteen 
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hours  at  37.5"  C.  the  surface  growths  in  these  flasks  arc  examined 
both  microscopically  and  culturally  as  before. 

Biological  Considerations. — Tl^^-  r-hMi^ra  Rpinllnm  j;^  nprpbic  and 

facultativ^'ly    Hnnrpiliif,      It    dous    nnt    form    ■spnrr;^.      The    Optimum 


temperature  for  its  growth  is  about  37.5°  C.  It  grows  easily,  how- 
ever, at  a  temperature  of  22°  C.  and  does  not  cease  to  grow  at 
temperatures  as  high  as  40°.  Frozen  in  iee,  these  haeteria  may 
live  for  about  thi-ee  or  four  days.  Boiling  destroys  them  imme- 
diately. A  temperature  of  60"  C.  kills  them  in  an  hour.  In  impure 
water,  in  moist  linen,  and  in  food  stuffs,  they  may  live  for  many 
days.  Associated  with  saproph>'tes  in  feces  and  other  putrefying 
material,  and  wherever  active  acid  formation  is  taking  place,  they 
are  destroyed  within  several  days.  Complete  dr^niig  kills  them  in 
a  short  time.  The  common  disinfectants  destroy  them  in  weak 
solutions  and  after  short  exposures  (carbolic  acid,  five-tenths  per 
cent  in  one-half  hour;  hiehlorid  of  mercury,  1 :100.00(.i  in  ten  minutes; 
mine ral  acids,  1:5^000  or  10.000  in  a  few  uuuutes):  ' 

CTholera  in  Man — t^  jn^^^n  tl^i-  diiiiTinv  ^^  .■i^r>»mi,.ti..i  Kx>  infy^.t^ij^^p  Af 
cholera  orKanisnis  with  water,  food,  or  any  contaminated  materiah  Tbe_ 
disease  is  essentially  an  intestinal  one.  The  huctcria.  very  sensitive  to, 
an  acid  n7t<'tioii,  in»y  nFtrn  jT  in  small  nunihers.  be  checki-d  by  the 
f^ru^"^  gn"*"'"  °'^"-"*i'^""  Having  ouee  passed  into  the  intestine, 
however,  they  proliferate  rapidly,  often  completely  outfrrowing  the 
normal  intestinal  flora.  Fatal  cases,  at  autopsy,  show  extreme  con- 
gestion of  tlte  intestinal  walls.  Occasionally  ecch3^mosi3  and  localized 
necrosis  of  the  mucosa  may  he  present  and  swelling  of  the  solitary 
lymph-follicles  and  Peyer's  patches.  Microscopically  the  cholera 
flpirilla  may  be  seen  to  have  penetrated  the  mucosa  and  to  lie  within 
its  deepest  layers  close  to  the  submueosa.  The  most  marked  changes 
usually  take  place  in  the  lower  half  of  the  small  intestine,  ^he. 
intestines  are  filled  witli  the  charactenstieallv  fluid,  slightly  bloodv. 
or  "rice-water**  stools,  from  which  often  pure  cultures  of  the  cholera 
vibrio  can  be  grown.  The  microorganisms  can  be  cultivated  only 
fi'om  the  intestines  and  thoir  contents,  and  the  parenchymatous 
degenerations  taking  place  in  other  organs  must  be  interpreted  as 
being  purely  of  toxie  origin. 

There  is  at  thp  panu^  time  a  profound  toxemia  dnf>,  in  pnet,  nl 
least  to  the  absorbed  cholera  substances. 

The  incubation  time  of  the  disease  is  usually  short,  lasting  from 
a  few  liours  to  several  days.    The  dist-asc  usually  begins  with  diar- 


836 


PATHOGENIC  MICROORGANISMS 


rhea  which  gradually  becomes  more  violnnt  until  the  colorless 
typical,  rice  water  stools  appear.  Castellani  and  Chalmers  describe 
Ihe  further  course  as  follows: 

''Vomiting  generally  aDpeai-s  early,  food  being  first  expelled,  fol- 
lowed later  by  watery  fluid  with  which  bile  and  occasionally  blood 
may  be  mixed.  As  the  purging  and  vomiting  persist  the  urine 
diminishes  and  may  stop,  and  fluid  departs  from  the  subcutaneous 
tissues,  which  therefore  contract  so  that  tlie  fnce  flltfr<f,  ih*^  "'^^'^ 
Becoming  sharp,  the  cheekbones  prominont,  miH  pyes  sunken  and  tjie 
skin  of  the  fingers  boeomes  wrinkled  like  that  of  a  washerwoman." 

A  considerable  role  is  played  in  the  subsequent  course  of  the 
disease  by  the  depletion  of  water^  with  consequent  aneuria,  low  blood 
pressure,  cyanosis,  acidosis,  etc.  The  therapeutic  effect  of  saline 
infusions  is  auid  t^J  ^"^  ;istouishing. 

Animal  Pathogenicity.— In  animalsr  eholerfl  nevpr  appenr^  ps  a 
spontalKHHLs  diseaae._  Nikati  and  Rietsch*  have  succeeded  in  produc- 
ing a  fatal  disease  in  guinea-pigs  by  opening  the  peritoneum  and 
injecting  cholera  spirilla  directly  into  the  duodenum.  Koch'  suc- 
ceeded in  producing  a  fatal  cholera-like  disease  in  animals  by  in- 
troducing infected  water  into  the  stomach  through  a  catheter  after 
neutralization  of  the  gastric  juiee  with  sodium  carbonate.  At  the 
same  time,  he  administered  opium  to  prevent  active  peristalsis.  A 
method  of  infection  more  closely  analogous  to  the  infection  in  man 
was  followed  by  MetchnikofF,  who  successfully  produced  fatal  dis- 
ease in  young  suckling  rabbits  by  contaminating  the  maternal  teat. 

Subcutaneous  inoculation  of  moderate  giiantitJoft  nf  ^Ifnlera 
spirilla  into  rabbits  and  guinea-pigs  rarely  produces  more  than  a 
temgorary  illneas.  Tntraperitoneal  inoculation,  if  in  proper  quan- 
tities, generally  leads  to  deaths  It  will  be  remembered  that  when 
working  with  intraperitoneal  cholera  inoculations  the  phenomenon 
of  bacteriolysis  was  discovered  hy  Pfeiffer. 

Different  strains  of  cholera  spirilla  vary  prcatly  Jn  tlieJr  vjp^lf  nee. 
The  virulence  of  most  of  them,  however,  can  be  enhanced  by_re- 
peated  passages  through  animals.  Most  of  oxir  domestic  anim als 
enjoy  considerable  resistance  against  cholera  infection,  though  under 
experimental  conditions  successful  inoculations  upon  dogs,  cats,  and 
mice  have  been  reported.    Doves  are  entirely  insusceptible. 


*  NiiMiti  und  RieUeh,  Deut.  med.  Woch.,  1884. 
*Ko€K  Deut.  mcd.  Woch.^  1885. 
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Cholera  Toxin. — Tlic  absence  of  the  cholera  spii-illa  from  the 
intcrual  organs  of  fatal  cases,  in  spite  of  the  severe  general  symp- 
toms  of  the  disease,  points  distinctly  to  the  existence  of  a  strong 
"poison  produced  in  the  intestine  by  the  microorganism h  and  abaorhed 
by  the  patient.  It  was  in  this  sense,  indeed,  that  Koeii  first  inter- 
preted the  clinical  picture  of  cholera.  Numerous  investigations  into 
[the  nature  of  these  toxins  have  been  made,  tlie  earlier  ones  defective 
;in  that  definite  identifieation  of  the  cultures  used  for  experimentation 
were  not  carried  out. 

j        Pfeiffer.'*  \]\  I^Q^,  whq  p^iIp  io  show  that  filtrates  of  young  bouillon 

.cultures  of  cholera  spirilla  were  but  sliffhtly  toxic,  whereas  thi-  dead 

[bodies  of  carefully  killnH  wgiir  nnltnrfH  wpro  \^{\\ii\  to  puiiiea>pig8 

even    in    small    quantities.      In    consequence,    he    regarded    the 

cholera  poison  as  consisting  chiefly  of  an  endotoxin/     The  opinion 

^as  to  the  cadotoxic  nature  of  the  cholera  poison  is  not,  however, 

^ghared  by  all  workers.    Metchnikoff,  Roux,  and  Salimbeni,"  in  1896, 

succeeded  in  producing  death  in  guinea-pigs  by  i]itroduction  into 

their  peritoneal  cavities  of  cholera  cultures  enclosed  in  celloidin 

saes.     Brau  and  Denier,'  and,  more  recently,  Kraus/**  claim  that 

they  have  succeeded  not  only  in  demonstrating  a  soluble  toxin  in 

alkaline  broth  cultures  of  cholera  spirilla,  but  in  producing  true 

antitoxins  by  immtmization  with  such  cultures.    It  appears,  there- 

,fore,  that  the  poisonous  action  of  the  cholera  organisms  may  depend 

[lK>th  upon  the  formation  of  true  secretory  toxins  and  upon  endo- 

toxins.     AVhich  of  these  is  paramount  in   the  production  of  the 

disease  can   not   be  at  present   definitely  stated.     In   favor  of  the 

great  importance  of  the  endotoxic  elements  is  the  failure,  thus  far, 

to  obtain  successful  therapeutic  results  with  supposedly  antitoxic 

sera. 

Epidemiology. — Cholera  is  essentially  a  disease  of  man.  Endemic 
in  India  and  other  Eastern  countries,  it  has  from  time  to  time 
epidemically  invaded  large  territories  of  Europe  and  Asia,  not  in- 
frequently assuming  pandemic  proportions  and  sweeping  over  almost 
the  entire  earth.  Five  separate  cholera  epidemics  of  appalling  mag- 
mtude  occurred  during  the  nineteenth  century  alone;  several  of 


•Pfeiffer,  Zeit.  f.  Hyg.,  xi,  1892. 

^  Ffciffer  und  Wtusermannf  Zeit.  f.  Hyg.,  liv,  1893. 

*  Metchnikoff,  Soux,  et  Saiimheny  Ann.  de  Tinst.  Pasteur,  1806. 

•Brau  et  Denu^r,  Comptea  rend,  de  Tacad,  dea  »ci.,  1900. 

»JJ.  Eraiu,  Cent.  f.  Bakt.,  1906. 
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these,  spreading  from  India  to  Asia  Minor.  Eg>i>t,  Riissia,  and  the 
countries  of  Central  Europe,  reached  even  to  North  and  South 
America.  The  last  great  epidcmie  hcgaii  about  1883,  traveled  grad- 
ually westward,  aud  in  1892  rtaelicd  (riruiany  where  it  appeared 
with  especial  virulence  in  Hamburg,  and  thence,  follo^ving  the  high- 
^vays  of  ocean  commerce,  entered  America  and  Africa.  During  this 
epidemic  in  Russia  alone  800.000  people  fell  \'ictims  to  the  disease. 
An  important  epidemiological  fact  is  the  existence  of  certain 
endemic  foci  where  cholera  is  always  going  on  and  from  which 
epidemics  and  pandemics  originate.  The  chief  endemic  focus 
■seems    to    be    located    in    lower    liurmah,    and    it    is,    as    yet,    an 


unsolved  puzzle  as  to  why  the  disease  shoiild  remain  smouldering 
in  such  regions  and  spread  widely  only  at  certain  i)eriods,  hve.  ten 
or  more  years  apart.  _  During  recent  yeai*s  imi>ortant  epidemica 
have  occurred  between  the  years  1879  and  1910.  In  1879  an 
epidemic  spread  to  Europe  through  Egj'pt  and  this  outbreak  is 
notable  because  in  1883  in  Eg3'T)t,  Koch,"  as  head  of  the  German 
Cholera  Commission,  isolated  the  cholera  spirillum.  In  1891 
another  great  epidemic,  originating  in  India,  is  slated  by  Cas- 
tellani  as  having  started  on  the  occasion  of  a  bathing  festival 
held  on  the  Ganges.  It  spread  among  pilgrims  and  reached  Europe, 
in  1892.  appearing  with  particular  virulence  in  Hamburg.  Prom 
there  it  spread  to  Americ^i  and  Africa  by  ocean  commerce. 
During  this  epidemic  it  is  said  that  800,000  people  fell  victims 
in  Russia  alone.  Violle  records  that  in  1908.  1909  and  1910 
there  were  a  series  of  epidemica  in  Russia.  In  1908  there  were 
about  30,000  cases  with  14.000  deaths;  in  1909,  there  were  21,000 
cases  with  9,700  deaths,  and  in  1909  to  1910  there  were  130.000 
deaths.  During  the  Balkan  War  in  1912  cholera  appeared 
among  the  armies.  During  the  late  war  there  were  ejwejj  of  cholera 
in  Galicia  in  the  Austrian  Army,  and  there  were  outbreaks  in  Bul- 
garia, Greece  and  Turkey,  and  in  Mesopotamia. 

The  prevalence  of  cholera  as  an  important  cjndemic  disease  may 
be  estimated  by  the  following  chart  of  cholera  epidemics  of  the 
last  hundred  years  which  is  taken  from  Violle 's  recent  work  on 
cholera  (1918)  to  which  numerous  references  have  been  made. 

The  disease  always  originates  from  the  dejecta  of  cholera  patients 
and  carriers.     At  times  of  epidemic,  infection  of  the  water  and 


"  Koch,  Deut.  Tned.  Woch.,  1883  mnd  IR84. 
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rood  supplies  naturally  plays  an  important  role,  and  in  sm-li  epi' 

remu's,  us  the  out'  in  lianiburtr.  tlir  water  supply  wnK  priiuurily 

rfisp'*""^'"^"     The  distribution  of  tlie  disease  here  followed  delijiilely 

EPIDEMICS  OF  CHOLERA  IN  VARIOUS  PLACES  ^ 


PlftCC 


UHVuria 

MalU 

London    

Baaru 

Lahore 

TabrU 

Teboran 

HnRdnd 

B<-*llary  and  Myjmre,  India. 

Province  of  Bombay 

Cflchcraire 

EnKltind 

France 

Italy 

Eg>pt 

Kgypt 

Egj'pt 

Cairo 

Cflirfv. 

Hiueia.  . 

Roaeita .  .  


Unlv 


1833 

IKIT 
1832 
iH32 
IS'JI 

1M5 
1H52 
1X,52 
1852 
1865 
18G5 
1892 
1854 
1854 
1S54 
1805 
1883 
1831 
1831 
1002 
1909-10 
1865 


Dcttihs 


8,000 

4,000 

4,000 

7.000 

5,IXX> 

22.000 

12.000 

15.000 

2,000 

40.000 

84.000 

5,0^)1  > 

20,000 

140.fMH> 

24,000 

60,000 

50,000 

1.50,000 

36,000 

33.000 

130.000 

2.168 


Epideinxc  oj  Cholera  in  Rusna 
In  1008.  30,000 
In  1909.  21,000 


14,000 
9.700 


the  distribution  of  the  infected  water  supply  and  the  organisms 
were  isolated  from  the  water.  This  epidemic  is  one  of  the  elassical 
water  epidemics  and  has  served  more  than  miy  other  water  epidemic 
in  impressing  medieal  and  health  authorities  ^vith  the  importance 
of  water  snpply  supervision.  In  countries  like  India  and  Egypt, 
etc.,  where  water  supplies  are  often  taken  from  collecting  tanks  not 
properly  supervised,  and  from  individual  wells,  and  where  the  super- 
vision, of  fecea  disposal  is  not  strict,  it  is  quite  natural  that  dis- 
tribution by  water  supplies  should  be  extremely  important.  Violle 
adds  a  number  of  interesting  instances  of  water  transmission  which 
occurred  in  Prance  in  1885,  in  which  the  source  waa  soiled  linen 
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washed  in  a  stream  with  distribution  of  the  disease  further  down- 
stream in  other  \illages,  but  not  in  any  of  the  villageii  higher  up 
the  river.  It  is  also  probable  that  in  countries  such  as  India,  the 
custom  of  tlirowing  dead  bodies  into  rivers  may  contribute  ma- 
terially to  the  constant  presence  of  the  disease. 

In  endemic  centers,  it  is  more  than  likely  that  the  cholera  carrier 
is  a  very  important  factor  of  distribution.  The  existom'o  of  the 
carrier  is  proven  beyond  doubt,  and^  as  in  t>'phoid,  individuals  may 
remain  earriei-s  for  very  lung  pf>pin/la  (iroig  has  shown  that  the 
organisms  may  live  in  the  gall-bladders  of  human  beings  as  in  the 
tvnhniti  carrier  slate.  McLaughlin"  has  found  as  many  as  7  per 
cent  of  the  population  of  an  infected  district  to  be  cholera  carriers. 

^gain,  as  in  typhoid,  distributijffn  nr'  ft*osk]  mftt^^rjal  to  food  by 
flies  probably  plays  a  very  important  role,  and  according  to  Barber 
the  organisms  may  live  for  some  time  in  the  intestines  in  such 
insects  pg  cn<'krnm'|>pw  Whether  or  not  domestic  animals  can  act 
as  distributers  of  the  organisms  is  uncertain.  Violle  quotes  HaiTkine 
as  stating  that  he  had  found  the  spirilla  in  the  intestines  of  cattle, 
and  that  they  were  foimd  by  Hahn  in  the  intestines  of  cows  during 
cholera  epidemics.  The  importance  of  this,  however,  is  still  quite 
uncertain. 

In  nature  the  cholera  spirilla  may,  under  favorable  conditions, 
remain  alive  for  considerable  periods.  In  drinking  water  thoy  have 
been  found  alive  after  several  days  and  they  may  remain  alive  for 
weeks  in  water  supplies.  From  the  investigations  of  Wernicke,** 
Shirnoff**  and  other's  it  would  appear  that  under  favorable  condi- 
tions the  spirilla  may  remain  alive  in  river  water  and  other  natural 
waters  for  weeks  or  even  months.     In  milk  and  other  foods,  the 


longevity  of  the  cholera  spirilla  seems  to  depend  particularly  upon 
t_he  nature  and  numbers  of  other  bacteria  present  and  on  the  produc- 
tion of  an  acid  reaction.  In  cholera  stools  they  will  remain  alive 
until  considerable  putrefaction  has  taken  place  and,  therefore,  may 
be  assumed  under  favorable  conditions  to  live  at  least  one  day, 
or  perhaps  three  days  or  longer.  In  cold  weather  when  bacterial 
growth  is  more  or  less  inhibited,  they  may  remain  alive  much  longer 
than  this. 


^  McLaughlin^  quoted   from  Rosenau's  Preventive  Medicine  and  Hygiene,  P. 
Applcton  and  Co.,  Kcw  York  and  London,  1921. 
"  Wcrt'irke,  Hyg.  Rundschau,  1895. 
**8himtif,  Cent.  f.  Bakt.,  41,  1908. 
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Cholera  Imimmization. — One  attack  of  cliolero  confers  protoction 
against  sul)sequent  infection.  Active  imiuuiiizatiou  ul  animals  may 
bfi  accomplJBhed  by  inoculation  of  dead  cultures,  or  of  small  doses 
of  living  bacteria..  In  the  serum  of  immunized  animals  specific 
bacteriolytic  and  agglutinating  substances  are  found.  The  discovery 
of  bacteriolytic  immune  liodics,  in  fact,  was  made  by  means  of 
cholera  spirilla.  Both  the  baoteriolysins  and  the  agglutinins,  be- 
cause of  their  specificity,  are  of  great  importance  in  making  a  bac- 
teriological diagnosis  of  true  cholera  organisms. 

Prophylactic  Vaccination. — Active  immunization  of  cholera  was 
one  of  the  first  methods  of  prophylactic  vaccination  attempted  in 
the  bacteriological  era  of  infectious  disease  study.  The  work  was 
done  by  a  Spanish  bncteriologist,  Ferran,  who  had  been  a  pupil  of 
Pasteui".  and  as  early  as  1884  carried  out  immunization  expeiiments 
with  cholera  on  guinea-pigs.  Ferran,*°  in  accordance  with  the 
methods  prevalent  at  that  time,  worked  with  attenuated  cholera 
cultures  and  developed  a  method  of  attenuation  which  depended 
upon  room-tcmpci'ature  cultivation  on  gelatin.  He  tried  this  method 
on  human  beings  in  Spain  in  1885  witli  results  which  seemed  to  him 
encouraging.  Subsequent  to  this  many  different  vaccines  have  been 
developed.  HaH^kine"  worked  intensely  on  the  subject  and  observed 
the  results  of  vaccination  on  an  enormous  number  of  people  in 
jndia,  over  a  period  of  more  than  ten  ycai-s.  Haffkine*s  virus  haa 
undergone  a  number  of  modifications  since  he  fir-st  used  it.  He, 
[too,  mad«  use  of  living  cultures,  beginning  his  experiments  with 
attenuation  of  cholera  spirilla  by  cultivation  at  temperatures  of 
40^  and  over,  using,  at  first,  a  less  virulent  and  next  a  more  virulent 
strain.  Later,  it  was  found  that  the  cultures  attenuated  by  cultiva- 
tion at  increased  temperatures  were  not  necessary,  and  it  appears 
at  the  present  time  that  in  most  places  only  cultures  of  a  virulence 
enhanced  by  passage  through  guinea-pigs  are  used.  The  extensive 
experimental  work  in  India  mentioned  above  seems  to  have  shown 
that  there  is  a  distinct  prophylactic  value  in  the  use  of  HafTkine*8 
virus. 

Other  observers  have  made  use  chiefly  of  killed  cultures.  The 
French  vaccine  made  at  the  Pasteur  Institute  consists  of  broth 
cultures  killed  at  bO^.     Kolle"  grows  his  cholera  spirilla  on  agar, 

"f^rraii,  Comptes  rend,  de  I'acad.  dea  Micnces,  1885. 

'*na^kifie,  Bull,  med.,  1892. 

*^  KoUe  and  Schurmann,  Kolle  and  Wassermaun  Haadb^  Vol.  4,  Second  Edition. 
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suspending  them  in  salt  solution,  killinp  at  56°  C.  for  one  hour, 
then  adding  one-half  per  eent  earbolie  acid.  Other  observere,  like 
Nieoll  and  Vincent'*  killed  without  lieat,  by  the  addition  of  carbolic 
acid.  Exlraets  of  the  cholera  spirilla  have  also  been  used  in  various 
ways.  Slrong*^  grows  cholera  organisms  on  agar,  t^kes  them  up 
in  salt  solution,  kills  at  60"  and  then  allows  the  suspensions  to  stand 
in  the  incubator  for  about  five  days,  subsequently  filtering  through 
a  Berkefeld  candle.  This  filtrate  is  iised  for  inociilation.  after  its 
sterility  has  been  determined  by  culture.  Wassermann'^*'  has  used 
materials  prepared  by  precipitation  of  eultures  with  alcohol.  Cas- 
tellani^'  during  the  last  ten  years  has  prepared  what  he  calls  a 
T.  A.  B.  C,  or  tetravaceine,  which  is  made  by  mixing  agar  cultures 
of  tyi)hoid,  paratyphoid  **A/'  paratyphoid  **B,"  and  cholera  in 
saline  emulsion.  The  emulsion  is  killed  with  one-half  per  eent 
carbolic  acid,  preserved  for  twenty-four  hours  in  this  form  at  room 
temperature  and  then  standardized  by  the  usual  counting  chamber 
method  so  that  1  c.c.  sliould  contain  five  hundred  thousand  typhoid, 
250  thousand  paratyphoid  **A,*'  250  thousand  paratyphoid  "B/* 
and  two  thousand  million  cholera  spirilla.  0.5  c.e.  of  this  is  injected, 
three  doses  being  given  within  two  weeks.  This  is  the  vaccine  which 
we  usod  on  the  Serbian  Army  during  the  war. 

The  principle  underlying  all  these  procedures  seems  to  Us  to 
be  the  same,  in  that  they  consist  of  introducing,  subeutaneously, 
substances  derived  from  the  liodies  of  cholera  spirilla.  And  since 
the  cholera  organisms  probably  do  not  live  very  long  after  sub- 
cutaneous introduction,  it  is  not  likely  that  it  makes  very  much 
ditference  whether  attenuated  living  cultures,  or  dead  cidtxires  are 
used. 

Ay  far  as  the  available  statistics  show  at  the  present  time,  cholera 
vaccination  is  of  distinct  value.  This  has  been  the  judgment  of 
those  who  have  scrutinized  Haffkine's  immunization  experiments, 
as  well  as  those  who  have  observed  more  recent  army  experiences. 
The  following  table  which  we  used  in  our  Nelson  article,  again 
taken  from  Violle,  will  give  some  idea  of  the  comparisons  made 


fir.-^i 


"  NicolJ  ami  Vincent.    Oi1<>d  from  "VioHp  loc.  cit, 
^'JStrtfnff.     J.  of  Exp.  Med..  Vol.  Ji,  p.  22R.   1905. 
■  H'iMHermann,     FestwUr,     R.  Kui'h,  .Tc na,  190.'t. 
""     "Castellani   and   C7wi/mfni.   Mnniml    nf   Tmpioa!    Meilivitie,    W.    Wood   &  f3o. 
N«w  York.   1919.  
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upon  vaccinated  and  nnvaccinated  iudinduals  among  troops,  and 
in  some  of  the  more  recent  experiments. 

'i  1 

EPIDEMIC    OF    CHOLERA    IN    THE    GREEK    ARMY    DURING    THE 
SECOND  BALKAN  WAR  (from  Abnaud) 


KwBberof 

Botdiwn 

Cues  of  Cholrrm. 
Per  C«Dt 

Vftcrinated,  2  inoculations                               

76.652 

0  43 

Vaccinated,  1  inoculation                               

Not  vacciuated .. 

21,216 
14,3^ 

3  12 
5  7 

Morbidity,  1,801  (12.5  per  cent) 
Mortality,  348  (2.5  per  eent) 


II 


EPIDEMIC  OF  CHOLERA  IN  RL*SS1A,  1912  (from  Abbamow) 


I 

*^'S3&r.**' 

Cmm  of  Cholera. 
Per  CeDt 

Vaccinated   .(•.•<•.*••■»«. < 

1,600 

5=^0  3 

2^ot  vaccinated. .,,, » «^rv- •Wi/i-  * •• 

1     RECENT   EPIDEMIC    OF   CHOLERA 

IN    INDIA    (from  (HArrKiNsJ 

1 

1  Cmm  of  Cbolerm 

Dnitha.  P*r  Ont 

"^l^ot  inoculated 

}        8,(X)0 

11 

Inoculated 

3 

'1 

IV 

EPIDEMIC    OF    CHOLERA    IN    THE    GREEK    ARMY    DURING    THE 
THE  BALKAN  WAR  (from  Savas) 


Nurobc-r  uf                   DeatlM. 
Individuala                 Per  CVtti 

Not  voroinated 

lU,tMN> 

1   1 

20 

Vaccinated  once ....                                       ....... 

3 

Vaccinated  twice 

1 

,n  >U    . 

L 


Cholera  Taccination  naturally  is  of  relative  value  onl^^  just  as 
this  is  the  case  in  typhoid  Y"^^'"«^^f^"  Vaccination  must  he  repeated 
certainly  every  two  vi'ai's  and  prohahly  more  often  in  the  ease  of 
armies  in  the  field- 
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The  biological  gi'oup  of  the  spirilla,  to  which  the  cholera 
spirilliini  belongs,  is  a  large  one,  numbering  probably  over  a  hundred 
separate  species.  Most  of  these  are  of  bacteriological  importance 
chiefly  because  of  the  difiicultics  which  they  add  to  the  task  of 
differentiation,  for  wliile  some  of  them  simply  bear  a  morphological 
resemblance  to  the  true  cholera  vibrio,  others  can  be  distingnishcd 
only  by  their  serum  reactions  and  pathogenicity  for  various  animals. 
Additional  diffieiilty,  too,  is  contributed  by  the  fact  that  within  the 
group  of  true  cholera  organisms  occasional  variations  in  agglu- 
tinability  and  bacteriolytic  reactions  may  exist.  Certain  strains, 
too,  the  six  El  Tor  cultures  isolated  by  Gottschlich,  while  in  every 
respect  similar  to  true  eliolera  spirilla,  are  considered  as  a  separate 
sub-species  by  Kraus,"  because  of  their  ability  to  produce  hemolytic 
substances,  a  function  lacking  in  other  cholera  strains. 

Spirillum  Metchnikovi. — This  spirillum  was  discovered  by 
Gamaleia-'  in  the  feces  and  blood  of  domestic  fowl,  in  which  it  had 
caused  an  intestinal  disease.  Morphologically  and  in  staining  reac- 
tions it  is  identical  with  Spirillum  cholerffiasiatic.».  It  possesses  a 
single  polar  flagellum.  and  is  actively  motile.  Culturally  it  is  iden- 
tic|^l  witli  yihrio  cholersB  cxcept  for  slightly  more  luxui-iant  gi'owfh 
and  more  rapid  fluidifieation  of  f^clatin.  It  gives  the  cholera-red 
reaction  in  pepton  media. 

TT  is  differentiated  from  the  cholera  vibrio  by  it^  power  to 
produce  a  rapidly  fatal  septicemia  in  pigeons  after  subcutaneous 
inoculation  of  minute  quantities.'*  It  is  much  more  pathogenic  for 
guinea-pigs  than  the  cholera  vibrio.  It  is  not  subject  to  lysis  or 
agglutinated  by  cholera  immune  sera. 

SpiriUum  Massaua. — This  organism  was  isolated  at  Massaua  by 
Pasquale'"'  in  1891  from  the  feces  of  a  clinically  doubtful  ease  of 
cholera.  Culturally  and  morphologically  it  is  much  like  the  true 
cholera  vibrio,  but  in  pathogenicity  is  closer  to  Spirilhmi  Metchni- 
kovi, in  that  small  quantities  produce  septicemia  in  birds.  It  pos- 
sesses four  flagella.  It  does  not  give  a  specific  serum  reaction  with 
cholera  immune  serum. 


"ffroiM,  Kraus  and  t«vaditi,  "Handbuch,"  vol.  S.  p.  18$. 

''Gamaleia,  Ann.  de  I'inst.  Paaleur,  1883. 

^Pfciffrr  und  }^ochi,  Zcit.  f.  Hyg.,  vii,  1889. 

^Pasqvait,  Qiorn.  med.  d«  r.  eecre.  ed.  U.  Marintp  Bomo*  189t 
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Spirillum  of  PinWer-Prior."— Isolated  by  Pinkler  and  Prior  from 
*the  feces  of  a  case  of  cholera  nostras.  Morphologically  it  is  like 
the  true  cholera  spirillum,  though  slightly  larger  and  less  uniformly 
curved-  Culturally  it  is  much  like  the  cholera  vibrio,  but  grows 
more  rapidly  and  thickly  upon  the  usual  media.  It  does  not  give 
the  cholera-red  reaction,  nor  does  it  give  spcciiic  serum  reactions 
with  cholern  immune  serum. 

Spirillum  Deneke."— A  vibrio  isolated  bv  Di^nnkp  from  hnttpr 
[Much  like  that  of  Hnkler-Prior.  It  does  not  give  the  cholera-red 
tTcaction. 


'^Finkler  nnd  Prior,  Erganr.  Heft^,  Cent.  f.  allg.  go8.  Phy«.,  1884. 
^Deneke,  Dout.  mcd.  Woch.,  iU,  1885. 
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DISEASES  CAUSED  BY  SPIROCHiETES  (TREPONEMATA)»  CLAttSI- 
FICATION,  SYPHILIS  AND  TBEPONEMA  PALLIDUM,  BELAP81N0 
FEVEK8,  VINCENT'S  ANGINA,  YAWS,  AND  THE  SPIROC'HiETK 
PEHTEMtE,  SPIKOCH^ETE  OAXLINARUM,  RAT  BITE  FEVER,  NON- 
PATHOGENIC  SPIROCHETES   OF   THE   HUMAN   BODY. 

The  microorganisms  known  as  spirochtetcs  are  slender,  undu- 
lating, corkscrew-like  threads  which  show  definite  variations  both 
structurally  and  culturally  from  the  bacteria  as  a  class.  3Iost  im- 
portant amontr  them  are  the  spiroehtEte  of  relasping  fever,  Spiroeliaete 
paliida  of  sypliilis,  the  spirillum  of  Vincent.  SpirodiaHe  refriiigens, 
Spirilium  gallinarum,  a  microorganism  whicti  causes  disease  in 
chickens,  Spirochaete  anserina,  which  causes  a  similar  condition  in 
geese,  and  scvpral  spppips  which  have  been  found  as  parasites,  Eoth 
in  animals  and  in  man,  without  having  definite  etiological  connection 
with  disease, 

CLASSIFICATION   OF   SPIRAL   ORGANISMS 

Classification  of  the  spiral  organisms  in  general  is  still  unsatis- 
factory because  the  difficulties  of  staining  and  cultivation  have  made 
it  impossible  to  apply  to  these  organisms  the  same  exact  criteria 
wliieh  can  be  applied  tn  most  npecics  of  bacteria.  We  may  say,  in 
general,  that  tlie  word  spiriUum  should  be  retained  for  true  bacteria 
of  spiral  form  in  which  the  cell  body  is  rigid  and  motility  is  brought 
about  entirely  by  flagella.  Such,  for  instance,  are  the  spirillum  of 
Asiatic  cholera,  the  spirillum  Metchnokovi,  the  spirillum  Dt-nekc 
and  others. 

The  true  spirochtete  are  probably  not  true  bacteria,  and  we  have 
no  exact  criteria  upon  which  we  can  base  their  classification  \vith 
the  protozoa.  However,  the  striking  parasitism  of  most  of  tliem, 
and  certain  features  of  their  immunological  relations  would  suggest 
that  they  either  Ix'long  to,  or  are  very  close  to  protozoa.  Sehaudinn, 
the  discoverer  of  the  syphilis  organism,  classified  the  treponema 
pallidum  with  the  protozoa  on  the  basis  of  morphological  study. 
He  believed  that  stained  preparations  often  showed  an  undulating 
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membrane  extending  alonp  the  long  axis  of  the  mioroorganisma 
similar  to  that  observed  in  trypanosomes.  He  also  asserted  that 
most  of  the  spiral  fornts  reproduce  bv  cleavagn  fllony  tho  longi- 
tudinal axis.  On  the  other  hand,  Laveran,*  Novy  and  Knapp-  and 
others  maintained  a  close  relationship  of  tliese  microorganisms  to 
the  trne  bacteria.* 

A  review  of  observed  facts  seems  to  shou*  that  most  of  these 
spiral  organisms  liavt-  llic  power  of  multiplication  by  transverse 
fission.  Many  of  them  possess  ttngella  and  in  some  of  them  defiiute 
immune  bodies  can  be  demonstrated  in  the  serum  of  infeeted  sub- 
jects, similar  to  those  produced  by  bacteria  during  infection,  lu 
others  again,  like  the  treponcma  pallidum,  no  true  circulating  anti- 
bodies against  the  virulent  para.sitie  forms  can  be  found-  Indeed, 
in  syphilis  it  seems  that  immunity  exists  only  so  long  as  the  living 
organisms  still  persist  in  tlie  body,  an  observation  which  is  entirely 
analogous  to  that  made  with  certain  trypanosomes,  and  with  malaria. 
-Mso.  ^vitli  some  of  them,  trmisDUssiun  by  an  intermediate  insect 
host  in  which  the  spirilla  undergo  multiplication  has  been  definitely 

protozoan  infections.  Kolle  and  Hetsch  favor  a  classification  mid- 
way between  the  protozoa  and  the  bacteria,  a  view  which  is  probably 
as  correct  as  any  that  we  have  any  justification  for  holding  at  the 
pre8ent||time. 

Noguehi,*  who  has  had  extensive  experimental  experience  with 
the  spiroehaete  lias  suggested  the  tentative  classification  wliich 
follows : 

He  calls  attention  to  the  fact  that  the  term  ^'spirocheeta"  was 
applied  first  by  Ehrenberg  in  1838  to  a  free  living,  fresh  water 
or  marine  form  of  spiral  organism  which  creeps  along  the  surface 
of  an  o!)jcet  but  does  not  swim,  divides  by  transverse  6ssion,  and 
probably  has  nothing  to  do  with  the  organism  to  which  we  now 
apply  tins  word. 

Noguehi  divides  the  spiral  organisms  of  the  group  which  we  are 
now  considering  into: 

I.  Oristispira  or  Saprospira. — This  is  a  limited  group  of  motile 
spiral  organisms  which  infest  the  gi*oat  crystalline  styles  of  certain 


'  Laveran,  Comptog  rend,  do  I'acad.  des  eei.,  1902  and  1003. 

iVory  and  Knapp,  Jour.  Infec.  Di».,  3,  1906. 
'KoUe  and  Httsch.  ''Die  expcHmejitelle  Bakt./'  Berlin,  1906. 
*  liogMchi,  Jonr.  Exper.  Med..  27,  1918,  S7€. 
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mollusca.  The  term  was  first  proposed  by  Gross'  irt  1910.  A  type 
of  these  organisms  is  found  in  oysters  (Spirochseta  balbianii  (Certes,*) 
1882).  Another  genus  of  the  same  order,  Saprospira,  was  found 
by  Gross  to  exist  in  miLssels. 

None  of  these  are  pathogenic  for  higher  animals.  They  are  char- 
acterized by  the  presence  of  a  membraneous  structure  which  resembles 
a  crista  or  ridge  which  runs  spirally  along  the  entire  length  of 
the  body.  The  body  is  chambered,  that  is,  transverse  bands  seem 
to  show  along  its  entire  length.  Tliert^  are  no  terminal  filaments 
and  there  seems  to  be  a  strong  flexible  membrane.  Repiodnction, 
according  to  Gross,  takes  platte  by  multiple  transvci'se  fission  or 
sporulation,  bat  Noguchi  has  failed  to  confirm  the  occurrence  of 
sponilation. 

£1.  Spironema  and  Treponema.— This  is  a  large  group  of  parasitic 
spiral  organisms  which  are  commonly  spoken  of  as  the  "spirochete" 
in  medit^al  nomenclature.  The  eliaracterislic  feature  of  these  is  a 
spiral  flexible  body  with  terminal  filaments,  InU  no  undulating  mem- 
brane. They  may  apparently  multiply  by  transverse  as  well  as  by 
longitudinal  fission.  They  move  by  an  undulating  movement,  a  few 
of  tlit'm,  however,  retaining  their  regular  curves  during  motion. 
Dobell  in  an  address  before  the  Royal  Society  in  1912  expressed  the 
belief  that  the  word  ireponema  should  be  used  for  all  of  the  small 
parasitic  varieties.  Noguchi  believes  with  Gonder  that  the  term 
treponema  should  l>e  restricted,  as  was  done  by  Schaudinn.^  to  those 
varieties  having  groat  constancy  of  curves,  while  spironema  should  be 
applied  to  those  with  less  constant  curves,  but  he,  nevertheless,  classi- 
fies them  together  under  the  same  main  heading  since  be  believes 
they  are  closely  lelated. 

In  this  class  belong  the  Treponema  yallidum  of  syphilis  and  t^e 
Treponema  or  8pirochate  perienuc  of  Yaus.  The  claAs  also  includte 
the  organisms  of  relapsing  fever,  a  number  of  parasites  found  in 
rodents,  such  as  the  well  known  organism  which  invades  apparendly 
normal  mice  (and  was  once  falsely  looked  upon  as  the  cause  of  cancer 
in  mice)  and  various  saprophytic  types  found  in  the  mouth,  intestine 
and  genital  mucous  membranes,  such  as  the  Treponema  calligyrum 


*  Gross,  Mitt.  zool.  Station  Neapel.,  1910-18.  20,  41  mnd  188,  Cent.  t.  Bakt» 
Orig,,  65,  1912,  fi3. 

•Certes,  Bull.  8of,  xool.  frftnc,  7,  1883,  347. 

'  Sehaudinn,  Deut.  med.  Woch.,  43.  1909,  1728,  Arb.  a.  d.  k.  Gesundhot.,  1904^ 
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fotind  in  smegma,  the  Treponema  microdenfium  and  macrodentium, 
fouud  iu  the  mouthy  especially  uader  the  gunis.  and  in  the  throat. 

Among  the  Spironema  in  this  main  group  Noguchi  places  the 
Spironeiira  rcfringcns^  of  smegma,  the  Spironema  vincenii  of  Vincent's 
angina,  the  Spironema  rtcur^eniis  of  Obermeier,"  the  Spironetna 
Dulioni,^^  the  Spiroiinma  Kochi,  the  Spironema  galtinarinn  and  the 
Spironema  AV>r,v». 

IIL  Leptospira. — The  types  of  this  class  are  the  Leptospira  ictero 
hamorrhagiw  of  Inada  and  Ido  and  the  Leptospira  icioroidis  recently 
isolated  by  Noguchi  from  cases  of  yellow  fever,  and  pi-obahly  repre- 
senting the  eliolo^cal  factor  of  that  disease.  These  organisms  are 
much  more  easily  cultivated  tlian  the  preceding.  Tliey  are  char- 
acterized by  closely  set  regular  spirals  wliich  remain  unchanged 
during  a  peeuHar  rotary  spinning  motion.  As  described  by  NoguelJ 
these  organisms,  while  in  motion,  draw  the  entire  body  together 
into  a  straight  lino,  except  for  a  hook  formation  of  one  or  l>oth  ends. 
When  one  end  »  extended  and  straight  and  the  other  aemieireularly 
hooked,  the  org«miffm  progresses  in  the  direction  of  the  straight 
portion,  appearing  to  be  propelled  from  the  rear  by  the  rotary  hook. 
A  specimen  with  both  ends  hooked  remains  stationary  in  spite  of 
its  rapid  rotary  motions.  This  description  is  taken  verbatim  from 
Noguchi.  In  this  sort  of  movement  the  body  assume^s  wide  wavy 
undulations.  So  far  no  terminal  or  peritriehal  flagella  have  been 
Been. 

SYPHILIS    AND    SPntOCHJETA    PALLIDA 

(Treponema  pallidum) 

Tlie  peculiar  manifestations  of  syphilis,  its  mode  of  transmission, 
and  the  fact  that  its  nrima^'y  lesion  was  always  located  at  the  point 
of  contact  witli  a  nrocHilinty  ouro.  have  always  stamned  it  as  nnnnes- 
tionably  ^"^^^'^tiftHB  '"  nAfnrp  Until  very  recently  the  microorgan- 
ism which  gives  rise  to  syphilis  was  unknown.  Many  bacteriologists 
had  studied  the  problem  and  many  microorganisms  for  which 
definite  etiological  importance  was  claimed  had  been  described. 
Most  of  these  announcements,  however,  aroused  little  more  than  a 
sensational  interest  and  received  no  satisfactory  confirmation.     A 


*8chaudinn  and  Soffmann,  Arb.  a.  d.  w.  GcBundhut.,  22,  1905. 
^OhfTmcier,  Cent.  f.  d.  med.  Wia».,  U,  1873. 
*2)ttltan  and  Todd,  Brit,  Med.  Jour.,  1905. 
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bacillus  described  by  Liistgarten'*  in  1884  seemed,  for  a  time^  to 
have  solved  the  mystery.  The  Lustgarten  bacillus  was  an  acid-fast 
organism  very  similar  to  Bacillus  tuberculosis,  and  found  by  its 
discoverer  in  a  large  number  of  syphilitic  ksions.  The  observation, 
at  firat,  aroused  much  interest  and  received  some  confirmation. 
I4§ter  extensive  investigations,  however,  failed  to  uphold  the 
etiological  relatioasbip  of  this  bacillus  to  the  disease  but  identified  it 
with  the  smegma  bacillus,  so  often  a  saprophyte  upon  the  nmeous 
membranes  of  the  normal  genitals. 

In  1905,  Schaudinn,'^  a  German  zoologist,  working  in  collabora- 
tion %vith  Hoffmann,  investigated  a  number  of  primary  syphxlltrc 


Fio.  90. — SpmocuJBTA  Pallida.    Smear  preparation  from  chancre  stained  by  the 

India-ink  method. 


indurations  and  secondarily  enlarged  lymph  nodes,  and  in  both 
lesions  discovered  a  spiroolieete  simitar  to,  but  easily  distinguished 
from,  the  spirochfftes  already  known.  He  failed  to  find  similar 
microorganisms  in  uninfected  human  beings. 

The  microorganism  described  by  him  as  "Spirochieta  pallida" 
is  an  extremely  delicate  undulating  filament  measuring  from  four 
to  ten  niicra  in  length,  with  an  average  of  seven  micra,  and  varyin 


in  thickness  from  an  immeasurable  dcHcney  to  about  Q.5  of  a  micron. 
Tt  is  thus  distinctly  smaller  and  more  delicate  than  the  spirochtcte 
of  relapsing  fever.  Examined  in  fresh  preparations  it  is  actively 
jnotile.  its  movements  eonsisting  in  a  rotation  aboutjlie  long  ax^» 
gliding  movements  backward  and  forward,  and,  otTasionally,  a  bend- 
mg  of  the  whole  body^  Its  convolutions,  as  counted  by  Sehaudinn, 
vary  from  three  to  twelve  and  differ  from  those  observed  in  many 
other  spiroehjetes  by  being  extremely  steep,  or,  in  other  words,  by 

^  LustparicH,  Wwn.  med.  Woch.,  xxriv.  1884. 

**  Sehaudinn  nnd  Hofmann,  Arb.  a.  i1.  kaia.  Oesim^lheirnamt,  22.   1005. 
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forming  acute,  rather  than  obtiiae,  angles.  The  ends  of  the  tnicrO' 
^or^oiiisin  are  delicately  taperins  and  come  to  a  point.  In  his  lirst 
investigations,  Schaudinn  was  unable  to  discover  ilagella  and 
believed  that  he  saw  a  marginal  undulating  membrane  simitar  to  that 
noticed  in  the  trypanosomL's.  Later  obHervalioiis  by  this  tjbserver, 
as  well  as  by  otliers,  revealea  a  delicate  tiagelium  at  each  end,  but 
left  the  rxistenee  of  an  undulating  membrane  in  doubt.  Uncertain, 
in  his  later  investigations,  whether  the  microorganiiima  described 
by  him  could  seientiAcally  be  classified  with  the  spii*ochftte  proper, 
Schaudinn  suggested  the  name  of  "Treponema  palliilttm/' 

In  the  same  preparations  in  which  Spirocha^ta  pallida  was  first 
seen,  other  spiroehietes  were  present,  whicfi  were  easily  distinguished 
from  the  former  by  their  coarser  con- 
toura,  their  flatter  and  fewer  undula- 
tions, their  more  highly  refractile  cell 
bodies,  and,  in  stained  preparations, 
their  deeper  color.  These  microorgan- 
iama  were  not  found  regularly,  and 
were  interpreted  merely  as  fortuitous 
and  unimportant  companions.  To  them 
Schaudinn  gave  the  name  of  "Spiro- 
cha^ta  refringens.  ** 

The  epoch-making  discovery  of 
Schaudinn  and  Hoffmann  was  soon 
confirmed  by  many  observers,  and  the  etiological  relationship 
of  Si>iroehteta  pallida  to  syphilis  may  now  Ik*  regarded  as  an  ac<repted 
fact.  Although  our  inability  to  cultivate  the  microorganism  has 
made  it  impossible  to  carry  out  Koch's  postulates,  nevertheless  in- 
direct evidence  of  such  a  convincing  nature  has  accumulated  that 
no  reasonable  doubt  as  to  its  causative  importance  can  be  retained. 
The  spirochsetes  have  been  found  constantly  present  in  the  primary 
and  secondary  lesions  of  all  carefully  investigated  cases,  •and,  so  far, 
have  invariably  been  absent  in  subjects  not  aftlieted  with  syphilis. 

Schaudinn  himself,  not  long  after  his  original  communication, 
was  able  to  report  seventy  cases  of  primary  and  secondary  syphilis 
in  which  these  microorganisms  were  found.  Spitzer*-  found  them 
constantly  present  in  a  large  number  of  similar  cases.  Sobernheim 
and  Tomasczewski"  found  the  spiroehietes  in  fifty  cases  of  primary 

"SpHeer,  Wien.  klin.  Woch,,   1905. 

**  Sobernheim  und  TotnoAcs-vvuki,  Miiueh.  mod,  Woch.,  1905. 


Kin.  !)1  — 8pinociiF,TA  Pai^ 
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and  secondary  syphilis,  but  failed  to  find  them  in  eight  tertiary 
eases.  Mulzer,**  who  foiuid  the  microorganisms  invariably  in  twenty 
cases  of  clinical  syphilis,  failed  to  find  them  in  fifty-six  carefully 
invoHliKated  non-syphilitic  subjects.  The  voliuiiinous  confirmatory 
literature  which  has  accumulated  upon  the  Hubjoet  can  not  here  he 
reviewed.  The  presence  of  these  spirochietoK  in  the  blood  at  certain 
stages  of  tlie  disease  has  bcn^n  demonstrated  by  Bandi  and  Simonelli*' 
who  found  them  in  the  blood  taken  from  the  roseola  spots,  and  by 
Levaditi  and  Petreseo"  who  found  them  in  the  fluid  of  blisters 
produced  upon  the  skin. 

In  tertiary  lesions  the  spirochetes  have  been  found  less  regularly 
than  in  the  primary  and  secondary  lesions,  but  positive  evidence 
of  their  presence  has  been  brought  by  Tomasczewski,^*  Ewing," 
and  othci'S   who   succeeded   in    demonstrating   thorn    in    gummata. 


Fra.  92. — SpihocbjBta  Pallida.    Liver,  caageuiUU  syphilifi,     (Levaditi  method.) 

Noguchi  and  Moore"  have  recently  foujid  the  Spirocheeta  pallida 
in  the  brain  of  patients  dead  of  general  paresis. 

Tn  congenital  syphilis,  many  obsei^vers  have  found  Spirnehgta 
pallida  in  the  lungs,  liver,  spleen,  uanereus^  and  kidneys,  find,  ii; 
isolated  eases,  in  the  heart  museje.  The  organisms  were  always 
present  in  large  numbers  and  practically  in  pure  culture.  These 
results  more  than  any  others  seem  to  furnish  positive  proof  of  the 
etiological  iielationship  between  the  spirochaste  and  the  disease. 

Demonstration  of  Treponema  pallidum. — In  the  living  slate  the 
8piroehu?tes  have  lieen  observed  in  the  hanging  drop  or  under  a 
coverslip  rimmed  with  vaseline.    It  b  extremely  important,  in  prc- 

» MvUer,  Berl.  klin.  Woch..  19W,  and  ArehiT  f .  Dermat.  u.  Syph,,  79,  1006. 

"Bofidi  und  SimoitelH,  Cent.  f.  Bakt.,  40.  1906. 

"Levaditi  el  Petrcsco,  Presse  mW.,   1905. 

"  Tcmtufiewaki,  Miinch.  mod.  Woch.,  1906. 

"MvHng,  Proc.  N.  Y.  Piith.  Soc,  N.  S„  5,  1905. 

^Noguchi  and  MoorCf  Jour.  Exp.  Med.,  xvii,  1913, 
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paring  such  specimens  from  primary  lesions  or  from  lymph  glands, 
to  obtain  the  material  from  the  deex)er  tissues,  and  thus  as  uncon- 
taminatcd  as  possible  by  the  secondary*  infecting  agents  present 
upon  the  surface  of  an  ulcer,  and  also  as  free  from  blood  as  possible. 
It  is  best  to  employ  a  special  device  known  as  a  '*  condenser  for  dark- 
field  illumination**  (Dunkcl-Kammer-Bcleuchtung).  This  apparatus  is 
screwed  into  the  place  of  the  Abbe  condenser.  The  preparation  is 
piade  upon  a  slide  and  covered  with  a  cover-slip  as  usual.  A  di'op 
of  oil  is  then  placed  upon  the  upper  surface  of  the  coudcnser 
and  the  slide  laid  upon  it  so  that  an  even  layer  of  oil,  without  air- 
bubbles,  intervenes  between  the  top  of  the  dark  chamber  and  the 
bottom  of  the  slide.  An  arc  light  furnishes  the  most  favorable 
illumination.  In  such  preparations  the  highly  refractive  cell-bodies 
stand  out  against  the  black  background,  and  the  motility  of  the 
organisms  may  be  observed.'* 

The  dark-field  condenser  is  without  questioij  the  easiest  metliod 
of  finding  the  Spirochaeta  pallida.  Its  use  is  easily  learned  and  the 
apparatus  is  sufficiently  cheap  so  that  it  lends  itself  to  the  use 
of  the  clinic  and  the  office.  "With  very  little  practice  it  is  possible 
to  detect  the  spirochsete  in  suspension  if  care  is  taken  that  not  too 
mueh  blood  or  other  solid  partieles  are  mixed  with  the  preparation. 
Should  it  be  impossible  to  obtain  the  material  scraped  from  8>'pliilitic 
lesions  in  a  sufficiently  dilute  condition  it  is  best  to  emulsify  it  in 
a  drop  or  two  of  human  ascitic  fluid. 

Examination  in  Smears. — The  Spirochceta  pallida  can  not  be 
stained  with  the  weaker  anilin  dyes,  and  even  more  powerful  dyes. 
Bueh  as  carbol-fuchsin  and  gcntian-\iolet,  give  but  a  pale  and  un- 
satisfactory preparation.  The  staining  method  most  commonly  used 
is  the  one  originally  recommended  by  Schaudinn  and  Hoffmann. 
This  depends  upon  the  use  of  Giemsa's  azur-oosin  stain  employed  iu 
various  modifications.  The  most  satisfactory  method  of  applying 
this  solution  is  as  follows: 

Make  smears  apon  slides  or  cover-slips,  if  possible  from  the  depth  of  the 
lesions,  as  free  as  possible  from  blood. 

Fix  in  methyl  alcohol  for  ten  to  twenty  minutes  and  dry. 

Covnr  the  preparation  with  a  solution  freshly  prepared  as  follows: 

Distilled  water , , . .  •  r . . . .      10  cc. 

Potassium  carbooate  1:1,00.  .0 5-10  gtt. 


**  For  a  critical  summary  of  the  various  methods  of  dark-field  illumination,  the 
reader  S$  referrod  to  nn  i-rtide  by  Siedentoftf,  Zeit.  f.  wiss.  Mikrosc.,  xrv,  1908. 
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Add  to  this: 

Giemaa's  mIuIidd  (/ur  Somanoy?sJH  FUrhunff) » 10-12  gtt. 

This  Htntnirig  lluid  Ls  left  on  for  one  to  four  hours,  preferably  in  a  moist 
chamber.    Wasti  in  running  water.    Blot. 

By  this  method  Spiroclueta  pallida  is  stained  characteristically 
with  a  violet  or  reddish  tinge. 

A  rapid  and  eonveniert  method  for  staining  such  smears  consists 
in  the  use  of  azur  I  and  eosin  in  aqueous  solutions  as  recommended 
by  Wood-  The  smears  are  fixed  in  methyl  alcohol  as  before  and 
are  then  flooded  with  the  azur  I  solution.  The  eosin  solution  is  then 
dropped  on  the  preparation  until  an  iridescent  pellicle  begins 
to  forai.  Satisfactory  preparations  may  be  obtained  by  this  method 
after  ten  or  fifteen  minutes  of  staining. 

A  fairly  satisfactory  method  of  staining  the  troponema  pallidum  in 
smear-preparations  is  that  of  Fontana.*^  For  this  method,  the  fol- 
lowing solutions  are  necessary: 

1.  Acetic  acid  1  ce. 

Formalin   • 2  c.c. 

Diatilleii  water • 100  cc 

Leave  in  one  minate;  wash  in  water. 

2.  Phenol  86  per  cent  (Uqueficd  crystals) 1  c.c. 

Tannic  acid 5  grama 

Distilled  water » 83  c.c. 

Cover  preparation  with  this  and  steam  gently  one-half  minute;  wash. 

3.  Silver   nitrate • 0.25  gram 

Distilled  wat  .-r 100  c.c. 

Ammonia  q.  s. 

Add  ammonia  drop  by  drop  until  the  pi-ecipitate  which  first  appears  gow 
into  solution.    Steam  one-half  minute;  wash. 

Recently  a  rapid  and  extremely  simple  but  not  very  reliable 
method  for  the  demonstration  of  Spirocheeta  pallida  in  smears,  by 
the  use  of  India  ink,  has  been  described. 

Smears  are  prepared  in  the  following  way:  A  drop  of  the  fluid 
squeezed  out  of  the  83q)hilitic  lesion,  as  free  as  possible  from  blood 
cells,  is  mixed,  on  a  slide,  with  a  drop  of  India  ink  (best  variety 
is  **Chin  chin"  Giinther-Wagner  Liquid  Pearl  ink),  and  the  niixture 

**8ee  Levadiii  and  Bankcvtki:  Ann  de  I'lnst.  Past..  1913,  XXVII.  p.  5S3. 
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mcarod  with  the  edge  of  another  slide  as  in  making  blood  smeai-s. 
When  the  smear  dries,  which  takes  ahout  a  miiiutuj  it  may  be 
immediately  examined  with  an  oil-immerKion  lena.  The  organisniA 
are  seen  imstained  on  a  black  background. 

Demonstratkin  op  Smrochates  in  Tissues. — Ordinary  histo- 
logical staining  methodR  do  not  reveal  the  Bpiroehfletes  in  tiasue 
sections.  It  is  customary,  therefore,  to  employ  some  modification  of 
Cajal's  silver  imprcgrnation.  The  teelmiquo  most  commonly  em- 
ployed is  that  known  as  Levaditi*s  viethod^^^  which  is  carried  out  as 
follows : 

The  fresh  tissue  is  cut  into  small  pieces  which  should  not  be  thicker  than 
2  to  4  uiitlimeti'i'ti. 

Fix  in  10%  formalin  (4%  formaldehyde)  for  twenty-four  hours.  Wash 
in  water. 

Dehydrate  in  96%  alcohol  twenty-four  hours.    Wash  in  water. 

Place  in  a  37o  silver-nitrate  solution  at  incubator  temperature  (37.5°  C.) 
and  in  the  dark  for  3  to  5  days.    Wash  in  water  for  a  short  time. 

Place  in  the  following  solution  (freshly  prepared): 

Pyrogallic  acid   2-4  gramfl. 

FormaliD    5  c.c. 

Difitnied  water lOU    " 

Ijeave  in  this  for  twenty-four  to  forty-eight  hours  at  room  temperature. 
Wash  in  water. 
Dehydrate  in  graded  alcohols. 
Embed  in  paraffin  nnd  cut  thin  Bc^Ptions. 

Thp  sections  may  be  examined  without  further  staining,  or,  If  desired, 
may  be  weakly  counterstained  with  Giemsa's  solution  or  hematoxylin. 

A  modification  of  this  method  which  has  been  much  recommended 
is  that  of  Levaditi  and  Manouelian.^*  The  directions  given  by  these 
author;^  arc  as  follows: 

Fix  in  formalin  as  in  previous  method. 

Dehydrate  in  9t>%  alcohol  twelve  to  twenty-four  hours.  Wash  in  distilled 
water. 

riaoo  in  a  1^  silver-nitrate  solution  to  which  10%  of  pyridin  has  been 
added  just  before  use. 

Leave  in  this  solution  for  two  to  three  hours  at  room  temperature  and 
from  four  to  six  hours  at  50°  C.  approximately. 

Wash  rapidly  in  10%  pjrridin. 

»■  Levaditi.  Comptes  rend,  de  la  boc.  de  biol.,  59.  1905. 

•*  Levaditi  et  Manouelian,  Comptes  rend,  de  la  soc.  de  biol.,  60,  1906, 
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4%  of  pyrogRllio  acid  to  wbirh  10%   of 
tj  of  pyridiu  have  been  added  just  before 

p»  Id  tfan«  bours. 

A  fndcd  aJcohols,  and  embed  in  paraffin  by 
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by  either  of  these  methods,  the  spiro- 
irent  bodies  lyinf?  rhiefly  extra- 
ttieally   massed   about    the    blood- 
^^K  md,  •■iy  exceptionally  seem  to  penetrate  into 
^wttciiywTi  cells, 

i_i  af-j^  Spirocheta  pallida  were  at  fii*st  unsuc- 

.^i9   trJI^^itrhr^^r"    reported    that    he    had    suc- 
ration  of  the  orpranisms  on  artificifll 

a  iellv-like  consistency.    It  was  then 

r  ^t  ST.S**  C  foi'  three  days  iK^fori'  1)oing  used. 

Iflftnl  by  *"'""'"K  ^*^  a  small   pirf<-  nf  tissue 

-.>j^  i^iiaitriir  it  into  such  a  tube,  and  causinir 

..i  with  a  cork.     In  such  auaeiobie  serum 
K'laims  to  have  grown  the  organisms  for 
■  in  pure  culture. 

•wth  of  Spiroclueta  pallida  in  horse 

is  very  similar  to  that  of  Schereschew- 

i-onvincing  work  on  treponrma  ])alli- 

li/  Nogutihi.    Noguchi-"  began  his  work 

)||^  ftM  successful  cultivations  were  made  from 

.     \*of  rabbits,  and  after  many  unsuecessful 

.  ,  prying  media  and  ttK'hnique,  he  finally  suc- 

-,^  »{iv:  He  prepared  tubes  (20  cm.  high  and 

\s}  K''.c,  of  a  serum-wnter  made  of  distilled 

— ^t'.  sheep,  or  rabbit  serum,  one  part, 

fractional  method  in  the  usual  way 

Uito  them  was  then  placed  a  small  piece 

■  -  testicle  and  a  bit  of  the  testicle  of  a 

u^any  spirocha-tes  were  present.     Tlw 

-vl  whh  sterile  paraffin  oil  and  placed  in  an 


*!^ 


,%  i:iv^«*v 


mm!  Weirk.i  X.  9.,  xiz  aod  xzlx,  1909. 
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atiaerobic  jar.  After  ten  days  at  33.5''  C.  the  spiroehsptes  had 
multiplied  considerably,  in  all  but  one  case,  together  with  bacteria. 
He  obtained  pure  cultures  from  these  initial  cultivations  after  much 
difficulty,  by  a  number  of  methods.  At  tirst  he  succeeded  only  by 
allowing  the  spirochetes  to  grow  througli  Berkefeld  filtei*s,  which 
they  did  on  the  fifth  day.  A  better  method  more  recently  adopted 
by  him  eunsisls  in  prepannff  high  tubes  of  three  parts  of  very 
sHifhtly  alkaline  or  neutral  agar  to  which  a  piece  of  sterile  tissue 
has  bein  added.  These  tubes  arc  then  inoculated  from  the  impure 
cultures  with  a  long  pipette.  Close  to  the  tissue  and  along  the 
stab  the  spiroehtttes  and  bacteria  will  grow  and,  after  about  ten 
days  to  two  weeks,  the  Hpirocha»tes  will  have  wandered  uway  from 
the  stab  and  will  be  \'isible  as  hazy  colonies.  They  can  then  be 
fished,  after  cutting  the  tubes,  and  directly  transplanted  to  other 
serum-agnr-tissvie  tubes  prepared  as  before,  and  eventually  will 
grow  in  pure  culture.  Hy  this  method  Noguchi  has  also  cultivated 
pure  cultures  from  lesions  in  monkeys. 

The  writer,  with  Hopkins,  has  successfiilly  applied  Noguchi 'e 
method  and  has  found  that,  after  once  cultivated  artiiieially,  the 
treponema  pallidum  can  be  obtained  in  quantity  best  by  cultivation 
in  fiasks  containing  heated  or  unheated  rabbit  kidney  with  ascitic 
broth  and  sealed  wnth  parafiin.  Recently  we  have  been  using  modifi- 
cations of  a  method  worked  out  in  our  laboratory  by  Miss  Gilbert, 
in  whieh  slanted  egif.  with  or  without  glycerin,  made  as  for  tubercle 
cultivation,  is  used  instead  of  kidney  tissue.  This  is  nut  up  in  hitch 
tubes  and  ascitic  broth  land  paraffin  oil  added.  Hy  jHi  nieth"^^- 
jarge  quantitirs  of  culture  pallida  are  obtained  within  two  weeks 
and  can  he  concentrated  in  large  quantities. 

Animal  Pathogenicity. — Until  very  recently,  all  experimental 
inoculation  of  animals  was  unsuccessful.  During  the  year  1903 
Metchnikoff  and  Roux'^  finally  succeeded  in  transmitting  the  disease 
to  monkeys.  The  monkey  first  uned  hy  these  observers  was  a  female 
chimpanzee.  At  the  point  of  iTiurnlafion,  the  clitoris,  there  appeared, 
twenty-six  days  after  inoculation,  a  typical  indurated  chancre,  which 
was  soon  followed  by  swelling  of  the  inguiiml  glands.  Fifty-six 
days  after  the  inoculation  there  appeared  a  typical  secondary  erup- 
tion, together  with  swelling  of  the  spleen  and  of  the  lymph  nodes. 
Similar  successful  experiments  were  made  soon  after  this  by  Lassar.'* 

""  MeU'hnikoff  et  Sout,  Ann.  do  I'inst.  PastMir,  1903,  1904,  and  1905. 
^hoMor,  Bori.  klio.  Woeh.,  xl,  1903. 
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Soon   after  the  experiments  of   Metcbnikoff  and   Roux,   suocossful 
inoculatiouH  upon  lower  monkeys  (macatjus)  were  carried  out   by 
NicoUe."    Since  that  time,  it  has  been  found  by  various  obs*.Tve.rs 
tliat  almost  all  species  of  monkeys  arc  susceptible,     tiiniple   sub- 
cutan(!ous  injection  is  not  sufficient  to  produce  a  lesion.    The  tech- 
nique which  has  given  the  moat  satisfactory  results  consists  in  the 
cutaneous  implantation  of  small  quantities  of  syphilitic  tissue   ob- 
tained by  excision  or  eiu-etting  of  primary  and  secondary  lesions.     A 
snmll  pocket  \s  made  under  the  mucous  membrane  of  the  genitals 
or  of  the  eyebrows  and  tiie  tissue  placed  in  this  under  asrptic 
precautions.    The  inoculation  may  be  made  directly  from  the  human 
beinR,  bxit  can  also  be  successfully  earned  out  from  monk*'y   to 
monkey  for  many  generations.    Attempts  at  transmission  from  tcr* 
tiary  lesions  have  so  far  been  imsucccssful.     The  sDirochar-tos  can 
be  demonstrated  both  in  the  primary  lesions  of  the  inoeuhitcd  animal 
and  in  the  secondarily  enlarged  f^lands.,    The  successful  inoculation 
of  rabbits  witli  syphilis  has  been  recently  performed  by  BertarcJii.'^" 
He  obtained  ulcerative  lesions  by  inoculation  upon  the  cornea  and 
into  the  anterior  chamber  of  the  eye  and  was  able  to  prove  tlie 
syphilitic  nature  of  these  lesions  by  finding  the  spiroehaete  within 
the  tissue.    In  these  animals,  aa  well  as  In  the  lower  monkeys,  the 
diaease  usually  remains  localized. 

In  liH)7  Parodi  showed  that  syphilitic  lesions  could  be  produced 
hy  direct  uux^ulatinn  infn  iho  tf>stiplf.s  nf  rahhifiL  This  method  of 
inoculation  has  Ijecn  suliscquenlly  studied  by  many  investigators, 
especially  by  l^hienhuth  and  Mulzcr.-''  It  is  the  easiest  method  of 
obtaining  spirochtete  in  any  quantity  from  lesions  in  man.  The 
8pirocha»te-containing  lesions  may  be  cither  excised  or  scraped  as 
conditions  permit  and  rubbed  up  in  a  mortar  with  sterile  sand, 
in  a  few  centimeters  of  sterile  human  ascitic  fluid.  This  emulsion 
is  then  injected  directly  into  the  sul>stance  of  rabbit  testicles.  A 
swelling  supervenes  which  is  often  noticeable  after  two  weeks,  and 
18  usually  at  its  height  in  five  to  seven  weeks.  At  this  time  the 
testicle  is  much  larger  than  normal,  somelimes  evenly  swollen  and 
somelimes  nodular,  and  of  a  firm  elastie  consistency.  When  taken 
out  at  castration  it  oozes  a  sticky  fluid,  both  from  teaticlc  and 
tunica,  which  is  rich  in  actively  motile  spiroehKtes.    By  continuous 

"  McnUe,  Ann.  .li»  Tinsl.  Paateur,  1903. 

'^  Hrrtarrlti,  (.:^nt.   f.   Bakt.,  atli,  19UB. 

'^rhlenhutk  und  Mulzer,  Arb.  a.  d.  k.  OceunOh't'fl  Arot.,  sxxiii,  1909. 
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transinoculation  from  one  rabbit  to  another  such  a  strain  oan  be 
indeliiiitely  carried  along.  It  can  be  inoculated  from  rabbits  to 
monkeys  and  vice  veraa.  This  metliod  as  well  as  Noguchi's  cultiva- 
tions have  opened  a  new  era  of  spirochajle  investigation.  It  is 
stated  by  some  observers  that  intravenous  inoeulation  of  rabbits 
may  be  followed  fay  localization  in  the  testis  and  oceaRionally  gum- 
matous infections  in  other  parts  of  the  body  have  been  induced 
after  such  inoculation  by  Uhlenhuth,  Mulzcr,  and  others.  Brown 
and  Pearce  in  an  elaborate  series  of  recent  investigations  published 
in  Journal  of  Experimental  Medicine  in  1920.  have  succeeded  in 
reproducing  almost  all  types  of  syphilitic  lesions  in  rabbits  by 
appropriate  methods  of  inoculation. 

Immunization  in  S3rphili8. — It  is  a  well-known  fact  observed  by 
clinicians  that  diirinjj  aetive  sypiiilis  the  patient  cannot  be  superin^ 
fected._  That  this  resistance  develops  quite  rapidly  was  shown  bv 
Metchuikoff  and  Roux,  who  found  that  reinfeetion  of  a  monkey  was 
possible  if  attempted  within  two  weeks  of  the  first  inoculation,  but 
was  unsuecessful  if  delayed  beyond  this  period. 

On  the  basifi  of  this  knowleage,  Metchnikofl'-''*  linger  and  Land- 
steiner,^^  and  others  have  made  attempts  to  devi.se  some  method  of 
immunization.  They  attempted  to  attenuate  the  s}T)hilitic  virus 
by  repeated  passage  through  monkeys.  These  experiments  were 
unsuccessful,  the  last-mentioned  observers  finding  absolutely  no  at- 
tenuation after  twelve  generations  of  monkey  inoculation. 

Bcrtarelli  and  others  have  shown  that  the  production  of  a 
syphilitic  lesion  on  the  cornea  of  one  eye  does  not  protect  against 
an  inoculation  done  on  tlie  other.    Rabbits  that  have  lH*cn  iuoeulated^ 

witl^  K]iirin>liH*tf>  niiiti ^r^^^1  iiml  tlint   li;iv<.  nut  fh'velone^  Syphilitic  dJH- 

ease  can  be  successfully  inoculated  on  subsequent  attempts.  The 
oiTspring  of  female  rabbits  with  syphilis  of  tlie  cornea  are,  according 
to  Muhlens,  not  immune. 

There  is  no  evidence  so  far  that  specific  therapy  or  treatment 
with  spirochete  material  has  had  favorable  influence  upon  the  disease. 
Chemotherapy  has  had  results  analogous  to  those  obtained  in  man.** 

Attempts  at  passive  immunization  have  been  entirely  without 
success. 


^Ueichnikoff*  Arch.  g*n.  de  inM.,  1905. 

^Finger  and  Lnndateiner,  Sitzungeber.  d,  Wien.  Akod.  d.  Wias.,  1905. 
"•Ton  Prowazek,  "Handbuch   der   pathogenon   Protozocn, "  i,   1912,  Iieipzig, 
Bartscb. 
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InTcstigations  carried  on  in  onr  own  laboratoiy*  in  the  last  three 
yrai's  have  shown  definitely,  we  think,  that  iuonuiiizatiou  of  anim 
will)  otilturt>  pallida  produces  antibodies,  agglutinins,  treponemacida 
•utistanoes,  ontirely  analogous  to  similar  substances  produced  agaiust 
bacteria.     However,  there  is  a  biologiral  change  which  takes  place 
wlu'U  trepoufiiia  pallidum  is  cultivated.     Tlie  antibodies  prodwc 
witit  tb<'  eulturo  pallida  have  no  action  whatsoever  upon  the  viriile 
oripuiiNuiH.    The  latter,  indeed,  seem  to  be  entirely  insulated  agains 
auoh  untibodies  and  do  not  induce  antibody  formation  to  any  grea 
#»xlinf,   in   either  the  infected  animal   or  man.     Both  active   and 
puiinive  linmuiiiKation  with  culture  pallida  and  the  sera  produced 
with  thrni  have  no  effect.     We  have  obtained  some  evidence,  how- 
ever, that  in  rabbits  a  purely  local  i*csLstancc  develops  in  the  tissue 
prevhnwly  the  site  of  a  lesion. 

The  oci'urrenee  of  a  WasKcrmann  reaction  was  formerly  supposed 
III  intllfittr  the  existence  of  specific  syphilitic  antibodies  in  the  serum 
of  )iatl(*ntH.  ^»rr  •^'^^'^"^  infftrmntifin  regarding  this  reaction  seems 
inj^nw  Hull  it  (h'ppiiils  upon  f|n>  pn-sence  in  the  scrum  of  syphilitic 
ptttirnts  of  suKstajujca  produced  indirectly  because  of  the  presence 
of  *yphi|^|ic  infection.  It  may  be  a  relative  increase  of  globulins 
iir,  (\H  Sclimidt  has  suggested,  a  change  in  the  physical  state  of  the 
tfhjbutlnH  or  other  substances  present  in  the  serum.  At  any  rate 
it  hnn  been  found  that  the  fixation  of  complement  in  the  Waaser- 
niMMi)  reaction  docs  not  depend  upon  the  occurrence  of  a  specific 
Miitifcfen-antibody  reaction.  Li  the  lirst  place  the  antigens  most  com- 
nniiily  used,  and  successfully  so.  in  the  Wassennann  reactions,  are 
lt(tn-Mpi*rlfle  Hi)oidal  extracts  of  normal  organs. 

^gftin  it  has  been  demonstrated  that  extracts  of  cultures  of  the 

Hpfroehtetft  pallida  aa  ^yH'  »g  ^vtrnMir>n.a  frnrn  thr  fpste.'i  ^^f  ^^ypliilili^ 

I'libbll K  do  not  furnish  an  antigen  suitable  for  the  AVassermana 
i'yfl\'tioi\^.  This  has  followed  especially  from  the  work  of  Noguchi,** 
of  Craij^  an<l  Nichols,"  and  ourselves.  This  forms  a  corollary  to 
the  other  experiments  previously  mentioned  and  shows  that,  what- 
ever the  Wassennann  reaction  may  lie,  it  is  not  a  specific  comple- 
lUMit  fixation  in  the  sense  of  Bordet  and  Gengou.  It  must  be 
ttdndlted,  therefore,  that  our  knowledge  of  syplulis  immunity  is  in 


I 


•  MtMiPr  and  TTopkins,  Seriea  of  papers,  Joiirn.  Eip.  Med.,  1915  and  1916. 
•fitmui'hl.  Jour.  Am.  Med.  Assoc.  1912. 
*fn(<^  RDil  NichcU,  Jour.  Exp.  Med.,  xri.  1912. 
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its  infancy  and  that  wo  know  very  little  about  the  systemic  reactions 
which  follow  infection  with  the  SpirochiEta  pallida. 
-     The  fact  that  the  sypliililic  virus  does  not  pass  through  a  filter 
has  been  demonstrated  by  Klingmuller  and  Baennann,"  who  in- 
oculated themselves  with  filtrates  from  syphilitic  material. 

Hopkins  and  the  writer  have  carried  out  some  seventy  filtration 
experiments  with  culture  treponemata  at  various  stages  of  growth 
without  over  obtaining?  filter  passage.  It  is  our  opinion  that  the 
assumption  of  a  filtrable  stage  of  the  syphilitic  virus  is  entirely  un- 
justified and  devoid  of  valid  experimental  support. 


THE  SPIROCHETES  OF  RELAPSINO  FEVER 

The  microorganisms  causing  relapsing  fever  were  first  observed 
in  1873,  by  ObcrmoiLT.'"*  who  demonstrated  them  in  the  blood  of 
patients  suffering  from  this  distinct  type  of  fever.  Since  his  time 
extensive  studies  by  many  other  observers  have  proven  beyond 
question  the  etiological  connection  between  the  disease  and  the 
organisms. 

Morphology  and  Staining. — The  spirochtcte  of  Obermeier  is  a 
delicate  spiral  thread  mcasuringTrom  7  to  9  micra  in  length  (N'ovv). 
and  ai)out  1  mieron  in  tliickness.     \Vhile  this  is  its  average  size,  it 


may,  aeeording  to  some  observers,  be  eonvsiderably  longer  than  this^ 
its  undulations  varying  from  four  to  ten  or  more  in  nimibcr.  Com- 
pared with  the  red  blood  cells  among  which  they  are  seen,  the 
microorganisms  may  vary  from  one-half  to  nine  or  ten  times  the 
diameter  of  a  corpuscle.  In  fresh  preparations  of  the  b'nod.  very 
jctive  corkscrew-like  motility  an(}  4^^^'^*^  lateral  nKfir,.ifirfn  t^^p. 
obsorveij.  In  stained  preparations  no  (^eflnite  cellular  structure  can 
be  made  out,  the  cell  body  anpeariag  homogeneous,  except  in  de- 
generated individuals,  in  which  irregular  granulation  or  beading.. 
has  been  observed^  Flagella  liave  been  descnbed  by  various  ob- 
servers. Novy  and  Knapp^'*  believe  that  the  organisms  possess  only 
one  terminal  flagcllum.  Zettnow,"  on  the  other  hand,  claims  to 
have  demonstrated  lateral  flagella  by  special  methods  of  staining. 


"  KlingmiiVer  und  Baermann,  Deut.  med.  Woch.,  1904. 
**  Obermeier,  Cent.  f.  <\.  metl.  Wiss.,  11,  1873. 
^Novy  and  Knapp,  Jour,  of  Infec.  Die.,  3,  190^. 
'*Zeitnow,  Peut.  med.  Woch.,  32,  1906. 


802  PATHOGENIC  MICROORGANISMS 

/ 
Norm,  rappenheimer,  and  Floarnoy,*'  in  sracara  stained  by  poly- 
chrome methods,  have  descnbed  long,  filamentoua  tapering  ends 
whifh  they  interpreted  as  bipolar,  terminal  flagolla,  never  observing 
men-  tl)nn  one  at  each  end.    Snores  arc  not  found. 

Cultivation. — Innumerable  attempts  to  induce  these  microorgan- 
iams  to  multiply  upon  artificial  media  have  been  made.    Novy  and 


4 


u 


Ho.  99>^-6putociLETB  OP  RiSLAFBiNa  Fevkr     (After  Norris,  PappenheimeTf  and 

Flournoy.) 

Knapp  succeeded  in  keening  the  Miicrooiganisins  alive  and  virulent 
in  the  oripnnfll  Itlnnd  fnr  hh  Imi^  hh  inr\y  dny.s.  and  call  attention 
_to  the  t'a<'t  that  the  leiigtl>  of  tiiru-  for  whieh  they  may  be  kept  alivg 
dependfi  to  a  great  extent  upon  the  stage  of  fever  at  \vhiel|  the  . 
Iilood  is  removed  from  the  patient.  They  do  not,  however,  believe 
l.hftl  extensive  multiplication,  or,  in  other  words,  actual  cultivation, 
had  taken  place  in  their  experiments.  Xorris.  Pappenheiraer,  and 
Flournoy.  on  the  otlier  hand,  have  obtained  positive  evidence  of 


"  ATofm,  Papj^enhrim^,  and  Floumcy,  Jour,  of  Inf.  Die.,  3,  1906 
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^multiplication  of  the  apirochtftes  in  fl"«H  modify.  They  obtained 
their  cultures  by  inoeulatiuK  a  few  drops  of  spii'ochajtal  rat  bloud 
into  3  to  5  c.c.  of  citrated  human  or  rat  blood.  Smcai*s  made  from 
these  tubeSf  after  prcsorvatioa  for  twenty-four  hours  at  room  tnm- 
perature,  showed  the  microorganisms  in  f?reater  number  than  in  the 
ori^nal  infected  blood.  A  similar  multiplication  could  be  observed 
in  transfers  made  from  these  **first-goneration"  tubes  to  other  tubes 
of  citrated  blood.  Attempts  at  cultivation  for  a  third  generation, 
however,  failed. 

Noynchi"    ha^   lately   snr*pp«Mfnlly   fiillivRlfil    t.lin    Hpiroehffite   of 


Fia.  94. — Spiroch^kte  op  RKLAPni.sti  1  KVhJi      I  iinited  normal  rat  blood. 
NorriH,  Pappenheitnrr,  luid  Flournoy.) 


(After 


Obcrmeior  in  ascitic  fluid  containing  a  piece  of  sterile  rabbit's  kidney 
and  a  few  drops  of  citrated  blood  under  anaerobic  conditions. 

Four  difTerent.  probably  distinct  varieties  of  spii'ochitte  have 
been  described  in  connection  with  relapsing  fever,  all  of  which  have 
been  cultivated  by  Noguchi  by  means  of  this  method.  The  first  is 
known  as  the  spirochajte  of  Obi»rmeier  mentioned  above,  prnhfthly 
distinct  are  the  Spiroehaeta  Duttoni  of  West  Afi'iean  Tick  fever 
described  by  Duttnn  and  'I'odd'' in  IWJh.  the  Hpiroeliffta  Kociu,  and 


Nognchif  Jour.  Exp.  Med.,  xvii,  1913. 
Dutton  aod  Todd,  Brit.  Med.  Jour.,  J005. 
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the  Spiroohtetft  Nowi.**  the  organism  studied  by  Norris  and  Flour* 
noy  and  Pappenheimer,  and  regarded  as  a  difTcrent  specit.s  by  them. 

Pathogenicity, — Inoculation  %vith  blood  containing  tlu'se  boiro - 
chaetcs  produces  disease  in  monkcvSr  ratK^  find  mipp.  Artompia  to 
transmit  the  disease  experimentally  to  dof^.  rabbits,  and  g;uinea-pigs 
have  so  far  been  unsuccessful.  The  subeutaneous  inoculation  of 
monkeys  is  followed  after  from  two  to  four  days  by  a  rise  of 
temperature  which  occurs  abiniptly  as  is  the  case  in  the  disease 
in  man  and  which  may  last  several  days.  During  this  time  the 
spiroehffites  can  be  foiuid  in  the  blood  of  the  animals  just  as  it  is 
found  in  that  of  infected  human  beings.  The  temperature  suljsides 
after  a  day  or  more,  when  it  again  rapidly  returns  to  normal.  As 
a  rule,  the  paroxysms  are  not  repeated.  Occasionally,  liowever,  two 
or  three  allacks  may  supervene  before  immunity  is  established.  In 
rats,  an  incubation  time  of  from  two  to  five  days  occurs.  At  the 
end  of  tliis  time  the  spirochetes  may  be  found  in  large  numbers 
in  the  blood,  and  the  animals  show  symptoms  of  a  severe  systemic 
infection.  The  attack  lasts  from  four  to  five  days,  at  the  end 
of  which  time  the  microorganisms  again  disappear.  Occasionally 
even  in  these  animals  relap.ses  have  been  olwerved.  Gross  patholog- 
ical changes  are  not  foimd,  with  the  exception  of  an  enlargement 
of  the  spleen. 

In  man  the  disease  caused  by  the  spirochete  of  Obemieier  and 
allied  organisms  commonly  known  as  lelaiising  fever,  is^o"'""^'n 
in  Kastcrn  Knrope,  India,  Africa,  and  most  of  the  warm  or  count  riea. 
Tt  bfls,  fr^im  time  to  time,  been  observed  epidemieally  in  Europe, 
especially  in  Russia,  and  a  few  epidemics  liave  occurred  in  the 
Southern  I'nited  States.  T]\\',  ^li^yp-^e  f'""«-^  ""  al^-nptly,  hygnnn^ng 
usuallv  with  a  chill  accompanird  by  a  sliarp  ri.se  of  temperature 
and  generalized  pains.  Tog<-tl]er  wJtii  the  rise  of  temperature,  wlucD 
often  exceeds  104°  F.,  there  are  great  prostration  and  occasionally 
^pliriimi  Karly  in  the  disease  the  spleen  becomes  pali)able  and 
jflnni^i^n  may  app^gr.  The  spirochtetes  are  eaKJlv  detected  in  the 
blood  during  the  persistence  of  the  fever,  which  lasts  usually  from 
three  to  ten  davjt.  St  the  end  of  this  time  the  temperature  usually 
jdrops  as  suddenly  as  it  rose,  and  the  general  symptoms  rapidly 
di3appea£  Aticr  a  free  inter^-al  of  from  one  to  three  weeks  a  relapse 
may  occur,  which  is  usually  less  severe  and  of  shorter  dui-ation  than 


^Novy  and  Fraenkel,  cited  from  NoguoU. 
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the  original  attack.  Two,  three,  or  even  four  attacks  may  occur. 
tmt  the  disease  is  not  \^^'y  '^*'t'"  fatal  When  patu-nts  do  succumb, 
hovvever,  the  autopsy  findings  are  not  particularly  cliaractcristic. 
Apart  from  Ihr  mark'-d  ciilargt'iiicnt  of  the  splffu.  wliicli  liisltilogif- 
jlly  shows  the  changes  indicating  simple  liyperplasia,  and  a  slight 
eniargcment  of  the  liver,  no  lesions  arc  found.  Thp  ^j^gr^i^ciu  i« 
\'i\s,\\y  Tn;i<^n  r1ii!Hn(f  fl^.  ffhrjlr'  stage  bv  examination  of  a  small  quai|- 
tity  of  blood  undur  a  covor-alip  or  in  the  hanging-drop  preparation. 


Fio.  ©5. — Spino'   ;  1  n        ■   Relapsing   Feveh.     (From   preparation   fumislied  by 

Dr.  G.  N.  Cftlkina.) 

Several  types  of  relapsing  fever  have  been  described.  In  Africa 
the  disease  has  long  been  prevalent  in  many  regions  and  the  in- 
vestigations of  Ross  and  Milne/'*  Koch/*  Dntton  and  Todd/^  and 
others  have  brought  to  light  that  many  conditions  occurring  among 
the  natives,  formerly  regarded  as  malarial,  are  caused  by  a  species 
of  spirocha'tc.  Whether  or  not  tiie  microorganisms  observed  in  the 
African  disease  are  exactly  identical  with  the  spirocliajte  observed 
by  Obermeier  is  yet  a  question  about  which  several  opinions  are 
held.  Duttnn  and  Todd  lM»lieve  that  the  same  microorganism  is 
responsibh:;  for  both  diseases.  Koch,  on  tlie  other  hand,  believes 
that  the  slightly  smaller  size  of  the  African  spiroehcete  and  the 
milder  oourse  of  the  clinical  symptoms  indicate  a  definite  difference 


*^  Ro«s  and  Milne,  Brit.  Med.  Joor.,  1904. 

**KoWi,  l»c(it.  mcil.  Woch..  xxxi,   1903. 

"  Dtfttoii  ttud  Todd,  Lancet,  1»05,  and  Jour,  of  Trop.  Med,,  1&05. 
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between  the  two.  Animal  experiments  made  with  the  African  or- 
ganism, fui-thermorc,  uRually  show  a  raueh  more  severe  infection 
than  do  Rimitat-  inoculations  with  tlie  European  variety.  The  spiro 
ehffte  found  in  the  African  disease  is  usually  spoken  of  at  pn  .Ki^n 
as  **Spirocha?ta  Duttoni.'*  Novy  and  Knapp,**  after  extensive 
studies  with  the  microorganisms  from  various  sources,  have  v.oaiv 
to  the  conclusion  that,  although  closely  related,  definite  species 
differences  exist  between  the  two  types  mentioned  above,  and  that 
these  again  are  definitely  distinguished  from  similar  organisms 
described  by  Tm-nbull*"  as  occurring  in  a  similar  disease  observed 
in  India. 

The  mode  of  transnn'ssion  of  this  disease  is  not  clear  for  all  types. 


PlO.  96. — Spinoc'HvETE  OF   Dirrrov,   African*   Tuk  Fevew.     (From  prepivration 
funiiahud  by  Dr.  G.  N.  Calkina.) 

putton  and  Todd,  however,  were  able  to  show  satisfactorily  that, 
in  the  ease  of  the  African  dis*'"^'-  »t  l.-gf^t,  transmissiou  occora 
throutfh  tl"'  inii'rniprli-.tinn  nf  n  spi'fii'v  nf  t^;k  The  conditions 
luidcr  wliich  sucli  intermediation  occurs  liave  Ix-en  carefully  studied 
by  Koch.**'  The  tick  (Ornitliodorus  moulmta)  infects  itself  when 
sucking  blood  from  an  infetled  human  boiniL  The  spirochete  may 
remain  alive  and  demonstrable  within  the  body  of  the  tick  for 
as  Jong  as  three  days.  Kyoh  has  shr^^rn,  fiiithermorCj  that  they 
may  be  found  also  within  the  o^^^  laid  by  an  infected  female  tick. 
ITe~ succeeded  in  j)roducing  experitiu'iital  infection  in  monkeys  by 


Novjf  and  Knnpp,  loe.  oit. 
TurnbuU,  Indian  Mpd,  Gns.,  1906. 
Koch,  Bcrl.  lucd.   Wwh.,  1906, 
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subjecting  the  animals  to  the  bites  of  the  infected  insects.  For  the 
European  variety  of  the  disease  no  such  intermediate  host  lias  as  yet 
been  demonstrated  with  absolute  certainty.  }t  is  Ispnu-n  howevpFr 
that  the  organism  can  live  in  the  bodies  of  bed  bugs  and  it  has  also 
been  suKgested  that  liee  may  be  the  earners.  Liee  also  are  regarded 
as  the  transmitting  agent  of  a  similar  relapsing  fever  prevalent  in 
North  Africa  caused  by  the  Spiroschnudinnia  berberi. 

Immunity. — It  has  long  been  a  weH-known  fact  that  recoverv 
from  an  attack  of  relapsing  fever  usually  results  in  ft  m"^''^  ^^  ^^^ 
definite  immunity.  The  blood  of  human  beings,  monkeys,  and  rats 
which  have  recovered  from  an  attack  of  thus  disease  show  definite 
and  specific  bactericidal  and  agglutinating  substances,  and  Novy 
and  Knapp  have  demonstrated  that  the  blood  serum  of  such  animals 
may  be  used  to  confer  passive  immunity  upon  others. 


VINCENTS    ANGINA 

The  condition  known  as  Vincent's  angina  consists  of  an  inflam- 
matory lesion  in  the  mouth,  pharynx,  or  throat,  situated  most  fre- 
queiilly  uiHiu  the  tonsils.  The  disease  usually  begins  as  an  acute 
stomatitis,  pharyngitis,  or  tonsillitis,  which  soon  leads  to  the  forma- 
tion nf  H  pseudo-membrane,  wliieh.  at  this  stage,  has  a  prreat  deal 
of  resemblance  to  that  caused  by  the  diphtheria  bacillus.  At  later 
Rtn^ps  nf  the  disi'ase  t,here  may  be  distJnet  ulceration,  the  ulcers 
having  a  well-defined  margin  and  "puiiehed-out "  appearanee,  so 
th^t_  cHnicallv  thr-y  h«v«^  ni't.^n  h^-pn  Pi-rnnpously  ■Ijatrnosed  as 
^T*Uli"^  Apart  from  the  localized  pain,  the  disease  is  usually  mild, 
but  occasionally  moderate  fever  and  systemic  disturbances  have 
been  observed.  Unlike  diphtheria  nni]  avphilis.  this  peculiar  form 
of  angina  usually  yields,  without  difficulty.,  to  loc^l  {rcatmcnt. 

The  nature  of  lesions  of  this  peculiar  kind  was  not  clear  until 
Plaut,*^  Vincent,"  and  otiiers  reported  uniform  bacteriological  find- 
ings in  cases  of  this  description.  These  observers  have  been  able 
to  demonstrate  in  smears  from  the  lesions  a  spindle-shaped  or  fusi- 
forin  liaeillus,  togctticr  with  whieli  there  is  u.sually  found  a  spirillum 
not  unlike  the  spiriflum  of  relapsing  fever.  The  two  microorganisms 
are  almost  always  found  together  in  this  form  of  disease  and  were 


•'  Plaui,  Deut.  mcd.  Woch.,  xlix,  1894. 

"J'inccntf  Ann.  dc  I'inBt.  Postour,  18E>6,  and  Bull,  et  mfini.  de  la  soc.  mcd. 
des  hop.  de  P.,  1898. 
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regarded  by  the  first  obsorvers  as  representing  two  distinct  fornxsl 
dwelling  in  symbiosis. 

The  fusifonn  baciUi  deserilx'd  by  Vincent,  Plant,  Baljes.  and  other^, 
are  from  3  to  10  inicra  in  length,  and  have  a  thickness  at  the  center 
varying  from  0.5  to  0.8  micron.  Yi'om  the  center  they  tape-r  grad- 
ually toward  the  ends,  ending  in  blunt  or  sharp  points.  The  length 
of  tlK'se  bacilli  may  vary  greatly  within  one  and  the  same  smear 
preparation.  They  are  usually  straight,  sometimes  slightly  euT-\'^cd. 
They  do  not  stain  very  easily  with  the  weaker  anilin  dyes,  but  are 
readily  stained  by  Locffler*s  racthylene-blue,  earbol-fuchsin,  or  bet- 


Fio.  97. — TniioAT  Smkah,  Vwcrvrs  Angina     Fusiform  ba<*ini  and  npirilU. 

ter,  by  Gierasa's  stain.  Stained  by  Oram,  they  arc  usimlly  de- 
coloinzed,  though  in  this  respect  the  writers  have  found  them  to 
vary.  Stained  preparations  show  a  characteristic  inequality  in  the 
intensity  of  the  stain,  the  bacilli  being  more  deeply  stained  near 
the  end,  and  showing  a  banded  or  striped  alternation  of  stained 
and  unstained  areas  in  the  central  body.  Their  staining  qualities 
in  this  respect  are  not  nnlike  those  of  the  diphtheria  bacillus,  and 
according  to  Babes"**  the  dark  areas  are  to  be  interpreted  as  meta- 
chromatic grnnuUs.    The  bacilli  are  not  motile. 

The  spirilla  found  in  Vincent's  angina  are.  usually  somewhat 
longer  than  the  fusiform  bacilli,  and  are  made  up  of  a  variable 
number  of  undulations,  shallow  and  irregular  in  their  ciu-vatures, 


Babes,  in  KqIIc  und  Wasserinaon,  1.  ErgiinxungiibaDd,  1007. 
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unlike  the  mor&  regularly  steep  waves  of  Spiroehjeta  pallida.  They 
are  stained  with  even  more  difficulty  than  are  the  baeilli  and  usually 
appear  kss  distinct  in  the  preparations.  The  stain,  however,  is 
taken  without  irregularity,  showing  none  of  the  metaehromatism  ob- 
served in  the  bacilli. 

By  the  earlier  observers  cultivation  of  these  microorganisms  was 
attempted  without  success.  Recently,  however,  it  has  been  aliown 
that  ml  1i  vat  ion  eoiihl  be  carried  out  under  anaerobic  conditions. 
Tuppulifi"-*  hfl,.^  r;ultivated  the  or^nisms  anaerobieally  upon  slants 
of  ascitic  ap:ar  at  37.5"  C.  This  observer  found  that  in  such  cultures, 
before  the  fifth  day,  bacilli  only  could  be  found,  that  after  this 
time,  however,  spirilla  gradually  appeared  and  finally  constituted 
the  majority  of  the  organisms  in  the  cultiire.  It  appeared  to  Tuu- 
niclilT  from  tliis  study  that  the  spirilla  might  be  developed  out  of 
tJic  fi]siform  microorganJHm.s  n^Dresenting  the  adult  forqT  Tina, 
bowevr.  is  an  error. 

Thp  miciw^nrganisms  of  Vincent's  angina,  when  occurring  in  the 
throat,  are  rarely  present  alone,  being  u.sually  accompanied  by  other 
microorL^aiiisms.  such  as  staphylococci,  streptococci,  and  not  inTre- 
quently  diplitheria  bacilli.  AVhen  occurring  together  with  diph- 
theria, they  are  said,  by  some  German  observers,  to  aggravate  the 
latter  condition  considerably.  This  frequent  aasoeiation  >vith  other 
microorganisms  rendci*s  it  impossible  to  decide  conclusively  that  the 
fusiform  baeilli  and  spirilla  are  tlie  primary  etiological  factors  in 
these  inflammations.  It  has  been  frequently  suggested  that  they 
may  be  present  as  secondary  invaders  upon  the  soil  prepared  for 
them  by  other  microorganisms. 

Animal  inoculation  "with  these  microorganisms  has  led  to  little 
result. 

Fnsifomi  Bacilli  other  than  those  in  Vincent's  Angina. — Fusiform 
bacLlli  aiorphoIogicaUy  ind  stiiiguishable  from  those  iound  in  the  angina  of 
Vincent  may  frequently  be  found  in  smears  taken  from  the  gums,  from 
earious  teeth,  und  occasionally  among  the  inicroorgnnisms  in  the  pus  from 
old  sinufies.  Several  varieties  of  these  bacilli  have  been  described  in  eon- 
nection  with  definite  pathoiogical  conditions. 

Babes,"  in  1893,  observed  spindle-shaped  bacilli  not  unlike  those  described 
above,  but  somewhat  shorter,  in  histological  sections  prepared  from  tissues 
from  the  gums  of  individuals  suffering  from  scur\'y.    He  found  similar  bacilli 


"  Tunnielif,  Jour,  of  Infec.  Dia.,  3,  1006. 
"P^bes,  Dcut.  med.  Woch.,  xliii,  1893. 


in  rabl)it5  intravenously  inocalatcd  with  material  from  the  patients  and 
able  to  cultivate  the  bacilli  for  several  generations.  Uits  descriptions,  bowe 
of  the  microorganisms  as  found  in  the  secondary  cultures  vary  considerably 
from  those  of  the  original  Andings  in  the  gums  of  the  patients.  His  results 
are  not  convincing. 

In  noma,  a  gangrenous  disease  of  the  gums  and  cheeks,  occurring  oeca- 
'iionally  in  individuals  who  have  been  severely  run  down  by  acute  infectious 
diseases  or  great  hardship,  Weaver  and  Tuunicliff  have  found  spirilla  and 
fusiform  bacilli  in  large  numbers.  The  organisms  wore  present  not  only 
in  smears  from  the  surface,  but  were  also  found  by  histological  methods, 
in  large  numbers,  lying  in  tlie  tissues  beyond  the  nrca  of  necrosis.  Her© 
again  it  is  not  entirely  certain  whether  these  microorganisms  were  the  primary 
etiological  factors  or  whether  they  are  to  be  regarded  merely  as  secondary 
invaders  of  a  necrotic  focus. 

Fusifonn  bacilli  are  cultivated  with  greater  ease  than  fonnerly  supposed; 
we  have  found  it  relatively  simple  to  grow  them  togi'ther  with  Gram  positive 
cocci  in  symbiosis  in  simple  brolh  tubes  covered  with  parallin  oil  without 
the  addition  of  any  enriching  substance  and  in  similar  symbiotic  conditions 
on  infusion  agar  plates  under  incomplete  anaerobic  conditions.  In  such  plates 
they  form  curious  colonies  in  which  the  fusiromi  bacilli  nnd  micrococci  aro 
intimately  commingled.  Krumwiede***  has  had  no  difficiUty  in  cultivating 
them  in  pure  culture  in  anaerobic  plates. 
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SPIROCH^TA    PERTENUE 


In  a  <^isoaae  known  nR  "Fi-nmlwT>RiA  trnniea."  at-  p/^p^]lflr,lv 
"Yaws."  oenirring  in  trfipw-al  ?\nd  <;nhtrnnie;il  eniiri^pe^  mifl  "»it»h 
resembling  syphilis.  ('aslrlla!ii-"   in    M)n"i,  w:^^  j^ldn  t.i  ili-iin.nsirjiip 

a  Spcf'ics  of  smrocha'te  whirh  Kn«  fl  i'\iiKi^  nu>rplwih»tj-v-iil  i-.-K<'rnlil«  ll^e 

to  Spiroehy'^^  pMlliiln  The  inicroorganisni  was  found  in  a  large 
percentage  of  the  cases  examined  both  in  the  cutaneous  papules  and 
in  ulcerations.  Confirmatory  investigations  on  a  larger  scries  of 
cases  were  later  carried  out  by  von  dcm  Dome.*' 

The  microorganism  is  from  7  to  20  raicra  in  length  with  numerous 
undulations  and  pointed  ends,  l-^xuinincd  in  fresh  prepurulions.  it 
has  an  active  motility  similar  to  that  of  Spirochseta  pallida.  In 
smears  it  is  easily  stained  by  moans  of  the  Oiemsa  method. 

Both  the  clinical  similarity  between  yaws  and  syphilis,  as  well 
as  the  similarity  between  the  microorganisms  causing  the  diseases, 
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"Krumviffdf.  Jonr.  Inf.  Dis..  1913. 

"  CdJitcHani,  Brit.  MeJ.  Jour.,  1905,  ami  Deut.  mod,  Woch.,  1906. 

•  von  dem  BomCf  Jour.  Trop.  Med.,  10,  1907. 
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has  opened  the  question  as  to  the  identity  of  the  two  mieroorjranisms. 
According  to  most  clinical  obvServers,  however,  yaws,  which  is  a 
disease  characterized  chiefly  by  a  generalized  papular  eruption,  is 
unquestionably  distinct,  clinically,  from  lues,  and  experiments  of 
Neisser,  Baermann,  and  Halborstadter,"*  as  well  as  of  Castellani" 
himself,  have  tended  to  show  that  there  is  a  distinct  difference 
between  the  immunity  produced  by  attacks  of  the  two  diseases. 
The  disease  is  transmissible  to  monkey's,  as  is  sj'philis. 


SPmOCttffiTA    GALLINAKUM 

An  acute  infectious  disease  occurring  among  chickens,  chiefly  in 
South  America,  lias  bci'ii  shown  bv  Marclioux  and  .SaliiiilKMii"^  to  be 
cau.sed  by  a  spirochsete  u'hich  has  much  morphological  similarity  to 
the  s]>irocha'tt^  of  Olx-rnieicr. 

The  disease  comes  on  rather  suddenly  with  fever,  diarrhea,  and 
great  exhaustion,  and  often  ends  fatally.  The  spirorTn^'f^-  j^i  «>_aMlv 
demonstrated  in  the  circulating  blotnl  pf  *>w^  iiiiirnnl^  liv  wiiiinin^ 
blood-smears  with  (;imnRn'^  stain  ni-  wjth  dilute  carbol-fuchsin. 

Artificial  cultivation  of  the  microorganism  has  not  yet  been 
accomplished.  Experimental  transmission  from  animal  to  animal 
is  easily  carried  out  by  the  subcutaneous  injection  of  blood.  Other 
birds,  such  as  geese,  ducks,  and  pigeons,  are  susceptible;  mammals 
have,  so  far,  not  been  successfully  inocidated.  According  to  the 
investigation  of  Leviditi  and  Manouelian,"  the  spirocha'tes  are 
found  not  only  in  tlu*  blood  but  thickly  distributed  throughout  the 
vai'ious  organs. 

Under  natural  conditions,  infection  of  chickens  seems  lo  depend 
upon  a  species  of  tick  which  acts  as  an  intermediate  host  and  causes 
infection  by  its  bite.  The  spirochete,  according  to  Marchoux  and 
Salimbeni,  may  be  found  in  the  intestinal  canal  of  the  ticks  for 
as  long  as  live  montlis  after  their  infection  from  a  diseased  fowl. 

In  the  blood  of  aiiiraals  wliich  have  survived  an  infection,  ag- 
glutinating substances  appear  and  active  immunization  of  animals 
may  be  carried  out  by  the  injection  of  infected  blood  in  which  the 
spirochffites  have  been  killed,  either  by  moderate  heat  or  by  presenra- 
—      -  -^  "  '  "         _ 

"  Neisser,  Baerfwtnn,  xxnH  HatberaiadUr,  MUoch.  med.  Woclu,  XXviU,  1906. 

*^CaMfllani,  Jour,  of  Hvg..  7,  1907. 

•* Jf orrAnH J-  ct  Satimbcjii,  Anh.  de  I'iiMit,  Pnstpur,  1903. 

•"Levaditi  et  Manoudtan,  Ann,  do  ripBt.  Pasteur,  1906. 
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tiou  at  room  temperature.    The  soruui  of  immune  animals,  further- 
more, has  a  protective  action  upon  other  birds. 

It  is  not  impossible  that  the  Spirochceta  gallinarum  may  be 
identical  with  the  Spiroehaita  iinseriua  previously  discovered  by 
SacharofC/^  TMb  last-named  mieroorganism  causes  a  disease  in 
geese,  observed  especially  in  Russia  and  Northei*n  Africa,  whiclj  both 
cliuieully  and  iji  its  piitholo(»:i(*al  lesions  eorri:spontls  closfly  t<i  the 
disease  above  described  as  oceuiTing  in  chickens.  The  spirochato 
is  found  dunng  the  febrile  period  of  the  disease  in  llie  circulating 
blood,  is  morphologically  indistinguishable  from  the  spirocluete  of 


to.  08.- -Spirochete  GALLiNAfiUM.     (From  prcpamtiou  furnished  by  Dr.  G.  N. 

Calkins.) 


•chickens,  and  can  not  be  cultivated  artificially.     The  similarity  is 

tjfurther    strengthened    by    the    fact    that    Spirochaeta    anserina    is. 

^pathogenic  for  other  birds,  but  not  for  animals  of  other  genera. 

iKoguehi  has  succeeded  in  cultivating  Spirochieta  gallinarum  by  the 

[ipame  method  by  which  he  has  cultivated  the  organisms  of  relapsing 

fever.     Ascitic  fluid  tubes  with  a  piece  of  sterile  rabbit  kidney 

were  inoculated  with  a  few  drops  of  blood  containing  the  apiroehietes 

and  cultivated  at  37.5°  C.  under  anaerobic  conditions! 

Spirochaeta  phagedenis.— Tliis  is  an  organism  cultivated  by, 
Noguchi  by  Jiis  ascitic-fluid-tissuc  method  from  phagedenic  lesions 
on  human  external  genitals.    It  is  probably  a  new  species. 


•"SwIuxToff,  Aofl.  de  V'lotU  PMt«or,  JPOJ. 
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Spirochaeta  macrodentium. — Cultivated  by  XogncKi  ;**  is  believed 

by  him  to  be  idciiliral  witli  the  spirochete  found  in  Vincent '8  angina. 

Spirochaeta  microdentium. — A  similar  orgauism  with  wide  con- 
volutions, cultivated  by  Noguclii  from  the  tooth  deposits  cliiefly  in 
children.  It  was  grown  on  mixtures  of  sheep  serum  water  and 
sterile  tiKsue  in  a  way  similar  to  that  employed  by  him  for  other 
organisms  of  this  Kroup. 

Spirochaeta  calligyrum, — CJultivated  by  Noguchi**  from  condy- 
lomata— is  probably  a  new  species. 

Rat-Bite  Fever. — Rat-bite  fever  is  a  ppfU^J^^  Higpngp  which, 
after  an  iiu'ubatioii  jieritnl  nf  tt-n  nn  mfira  flayg,  JM  ^'hfl  pact  prized 
by  fever,  headache  and  inflammation  at  the  site  of  the  bite,  su-ollcii 
lymph  glands^  skin  eruption  and  pains.  After  three  to  six  days 
the  fever  ceases  and  an  afebrile  period  of  twff  ftf  ihrr>i.  rlnys  i^nsnog'"' 
.4fter  this  the  fc^'cr  again  occurs.  Recently  Futaki,  Takuki,  Taniguchi, 
and  Osumi**^  have  described  a  treponema  which  they  have  called 
Treponema  morstis  maris.  It  is  a  spiral  organism,  somewhat  larger 
ihiin  the  Treponema  pallidum,  and  is  t'uuad  in  the  skin,  the  Ivniuh 
nodes,  and  in  the  blood.  They  Itave  succeeded  in  inoculating  rats 
and  have  cultivated  it  in  Sehimamine  medium^  which  consists  of 
100  c.c.  of  horse  serum  in  which  0.5  to  0.75  gram  of  sodium  iiueleate 
is  dissolved  and  carbon  dioxide  passed  through  the  solution  until 
the  serum  becomes  transparent.  It  is  then  heated  for  three  days 
at  60°,  and  on  the  fourth  day  at  65°  until  it  coagulates.  This 
medium  is  deeply  inoculated,  but  no  other  anaerobic  precautions  are 
taken. 

^Xogurhi,  Jour.  Kxp.   M«l.,  xv,   1912. 
^  Xoffuchi,  Jour.  Exp.  Med.,  xvii,  1913. 

**  In  connection  with  Bat-Bite  Fcrer  see  ftlso  Kaneko  and  Okuda,  Journal 
Kxp,  Mpd.,  vol.  xxvi.  1917,  p.  363. 

"Jour.  Exp.  Med.,  1916,  xxiii,  p.  249. 


CHAPTER  SLIV 

"V^ELLOW    FEVER   AND   THE   LEPTOSPIRA    ICTEBOIDES,    WEIL'S  ©IJ 
EASE     (INFECTIOUS     JAUNDICE)     AND     LEPTBOSPIKA     ICTEKU- 
HEMORBH^Gl^ 


Yeixow  fever  is  an  acute  infectious  disease  whicli  prevails  en- 
demically  in  the  tropical  countries  of  tlie  Western  Hemisphere,  but 
occurs  also  along  the  western  coast  of  Africa  and  has  exceptionally 
appeared,  in  epidemic  invasons,  in  the  north  temperate  United 
States  and  Europe.  Ouiteras,  as  quoted  by  Osier,  classifies  tlie 
distribution  of  the  disease  into  three  areas  of  infection. 

1.  The  area  in  wliich  t!ie  disease  is  never  absent,  including 
tropical  South  American  ports  and  Havana. 

2.  The  area  of  periodic  epidemics,  including  sea-ports  of  the 
tropical  Atlantic  in  Araeriea  and  Africa. 

3.  The  area  of  accidental  epidemics,  extending  from  parallel  45* 
north  latitude  to  35"  south  latitude.  In  the  United  States  severe 
epidemics  have  frequently  occurred  in  Louisiana,  Mississippi,  and 
Alabama,  and  occasional  but  severe  L'pidcmics  have  ocfurred  in 
Philadelphia  and  Baltimore. 

The  disease  occurs  spontaneously  only  in  man,  and  experimental 
inoculation  of  lower  animals  has  been  successful  only  in  the  chim- 
panzee in  a  single  case  reported  by  Thomas.* 

In  man  afflicted  with  the  malady  tlie  clinical  jncture  is  one  of 
a  rapidly  developing  fever  with  severe  gastrointestinal  symptoms, 
vomiting  of  blood,  albuminuria,  and  often  active  delirium.  The  mor- 
tality is  usually  high,  often  reaching  eighty  per  cent  or  more  in 
the  severe  epidemics. 

Mode  of  Transmission.— Until  comparatively  recent  years  the 
mode  of  transmission  of  yellow  fever  was  not  underetood  and  many 
erroneous  theories  were  prevalent.  It  was  supposed  that  yellow 
fever  was  contagious,  and  transmitted  from  person  to  person  bjrl 
direct  or  indirect  contact  with  those  afflicted  or  by  fomites.  The 
first  to  make  the  definite  assertion  that  yellow  fever  was  transmitted 
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by  the  ajrenoy  of  mosquitoes  was  Carlos  Finlay.  Fiiilay,'  as  early 
as  1881,  advanced  tlie  tlioory  that  mosquitoes  were  responsilile  i'or 
the  transmission  of  this  disease  and,  furthermore,  recognized  ''Ste- 
gomyia  fasciata"  or  "Stcgomyia  calopus"  as  the  guilty  species. 
Finlay 's  opinion,  although  later  proved  to  Ijf;  eorrect,  was  at  first 
based  only  xipon  sueh  eiiTUmstantial  evidence  as  the  correspondence 
of  the  yellow-fever  zones  with  the  distribution  of  this  species  of 
Qiosquito  and  the  great  prevalence  of  ntostiuitoes  at  times  dui-ing 
which  epidemics  occurred.  His  theory  was,  therefore,  received  with 
miieh  skepticism  and  was  neglected  by  scientists  until  its  reWval  in 
li)(X),  when  the  problem  was  extensively  investigated  by  a  com- 
mission of  American  army  surgeons. 

Keed,  Carroll,  Agi'amonte,  and  Tjazear  were  the  members  of  this 
commission.  The  courage,  self-saerifice,  and  scientific  accuracy 
which  charaeteiized  the  work  of  these  men  have  made  the  chapter 
of  yellow  fever  one  of  the  most  brilliant  in  the  annals  of  American 
Bcicntifie  achievement. 

Their  work  was  much  facilitated  by  the  experience  of  Oorgas' 
and  others,  who  had  demonstrated  the  absolute  failure  of  ordinary 
sanitary  regulations  to  limit  the  spread  of  yellow  fever. 

They  began  their  researches  by  investigating  carefully  the 
validity  of  Sanarelii's  claims  as  to  the  etiological  significance  of 
his  "Bacillus  icteroides."  The  results  of  this  work  yielded  ab- 
solutely no  basis  for  confirmation. 

They  then  proceeded  to  investigate  the  possibility  of  an  inter- 
mediate host. 

In  August,  1900,  the  commission  began  its  work  on  this  subject 
by  allowing  mosquitoes,*  chiefly  those  of  the  stegomyia  species,  to 
suck  bloud  from  patients,  later  ennsing  the  same  insects  to  feed 
upon  normal  susceptible  individuals.  The  first  nine  experiments 
were  negative.  The  tenth,  of  wliich  Carroll  was  the  subject,  was 
successful.  Four  days  after  being  liitten  by  the  infected  insect 
Carroll  became  severely  ill  with  an  attack  of  yellow  fever,  by  which 


^Fiiiloy,  Ann.  Roy.  Acad.  il.  Havana,   1881. 

*Gort;aa,'.'ioMr.  of  Trop.  Me<l.,  1903. 
•  *Seedt  Carroll,  Agramontc,  and  Ltuear,  Phila.  Med.  Jour.,  Oct.,  1900;  ftlio 
Am.  Pub.  iiejtlth  Asjui.  Uep.,  1903;  Agramonte,  N.  V.  Med.  News,  1900;  Seed, 
Jour,  of  H,vg.,  1902;  Reed^  CarroU,  and  JgramontCj  Am.  Medicine,  July,  1901. 
Boston  Med.  and  Sur^f.  Jour.,  14,  1901;  CarroU,  Jour.  Am.  Med.  Assn.,  40,  1903; 
Carrol,  "yellow  Fever"  in  Meusc,  "Handbuch  dcr  Tropen-Krankhciton,"  ii. 
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his  life  was  endangered,  and  from  the  effects  of  which  he  died  several 
years  later. 

On  the  13th  of  Soplcmber,  Lazcar,  wJiile  working  in  the  yellow- 
fever  wards,  noticed  tiiat  a  stcgomyia  had  settled  upon  his  hand, 
and  deliberately  allowed  the  insect  to  dnnk  its  fill.  Five  days  later 
he  became  ill  with  yellow  fever  and  died  after  a  violent  and  short 
illness. 

"With  these  experiences  as  a  working  basis,  tlie  commission  now 
decided  upon  a  more  systematic  and  thoroughly  controlled  plan  of 
experimentation. 

In  November  of  the  same  year,  IDOO,  an  experiment  station, 
"Camp  Lazoar,*'  was  established  in  the  neighborhood  of  Havana, 
about  a  mile  from  the  town  of  Quemadns.  The  eamp  was  surrounded 
by  the  strictest  quarantine.  Volunteers  from  the  army  of  occupation 
were  called  for,  and  twelve  individuals  were  selected  for  the  camp» 
three  iinniunes  and  nine  non-imniunes.  Two  of  the  latter  were 
physieians.  The  immuncs  and  tin-  membci*s  of  the  commission  only 
were  allowed  to  go  in  and  out.  All  nun-immunes  who  left  the 
camp  were  prohibited  from  re-entering  and  their  places  taken  by 
other  non-immune  volunteers.  During  December,  five  of  the  non- 
immune inmates  were  successfully  inoculated  with  yellow  fever  by 
means  of  infected  moseuitocs.  During  January  and  February  five 
further  successful  experiments  were  made.  Clinical  oljscrvations 
were  made  by  experienced  native  pliysieinna,  Carlos  Fiiilay  among 
them,  and  the  patients,  as  soon  as  they  were  unquestionably  ill 
with  yellow  fever,  were  removed  to  a  yellow-fever  hospital.  This 
was  done  to  prevent  the  po.ssibility  of  the  disease  spreading  within 
the  camp  itself.  The  mosquitoes  used  for  the  experiments  were 
all  cultivated  from  the  larva  and  kept  at  a  temperature  of  about 
26.5='  C. 

A  further  important  experiment  was  now  made.  A  small  house 
was  erected  and  fitted  witli  absolutely  mosquito-proof  windows  and 
doors.  The  interior  was  divided  by  wire  mosquito  netting  into  two 
spaces.  Within  one  of  these  spaces  fifteen  infected  mosquitoes  were 
liberated.  Seven  of  these  had  fed  upon  yellow-fever  patients  four 
days  previously;  four,  eight  days  previously;  three,  twelve  days 
previously;  and  one,  iwtnty-four  hours  previously.  A  non-immune 
person  then  entered  this  room  and  remained  there  about  thirty 
minutes,  allowing  bjmself  to  be  bitten  by  seven  mosquitoes.  Twice 
after  this  the  same  person  entered  the  room,  remaining  in  it  alto- 
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gether  sixty-four  minutes  and  being  bitten  fifteen  times.  After 
four  days  this  individual  came  down  with  yellow  fever. 

In  the  other  room  two  non-immunea  slept  for  thirteen  nights 
without  any  evil  results  whatever. 

It  now  remained  to  show  that  mosquitoes  were  the  sole  means 
of  transmission  and  to  exclude  the  possibility  of  infection  by  contact 
with  excreta,  vomitus,  or  fomites.  For  this  purpose  another  mos- 
quito-proof house  was  constructed.  By  artificial  hcatijig  its  tem- 
perature was  kept  above  32.2°  C.  and  the  air  was  kept  moist  by 
the  evaporation  of  water.  Clothing  and  bedding,  vessels,  and  eating 
utensils,  soiled  with  vomitus,  blood,  and  feces  of  yellow-fever 
patients  were  placed  in  this  house  and  three  non-immune  persons 
inhabited  it  for  twenty  days.  During;  this  time  they  were  strictly 
quarantined  and  protected  fi'om  mosquilous.  Each  evening,  before 
going  to  bed,  they  unpacked  and  thorouglily  shook  clothing  and 
bedding  of  yellow-fever  patients,  and  hung  and  scattered  these 
materials  about  their  beds.  They  slept,  morcovtr,  in  contact  with 
linen  and  l)lankets  soiled  by  patients.  None  of  these  persons  con- 
tracted yellow  fever.  The  same  experiment  was  twice  repealed  by 
other  non-immnncs,  in  botli  cuscs  with  like  neyrativc  results. 

All  of  the  non-immunes  taking  part  iu  these  experiments  were 
American  soldiers.  Four  of  them  were  later  shown  to  be  susceptible 
to  yellow  fever  by  the  agencies  of  mosquito  infection  or  blood- 
injection. 

The  results  obtained  by  the  investigations  of  this  commission 
may  be  summarized,  therefore,  as  follows: 

Yellow  fever  is  acquire-d  spontaneously  only  by  the  bite  of  the 
Stegomyia  fasciata.  It  is  necessar>'  that  the  infecting  insect  shall 
have  sucked  the  blood  of  a  yellow-fever  patient  during  the  first 
four  or  five  days  of  the  disease,  and  that  an  interval  of  at  least 
twelve  days  shall  have  elapsed  between  the  sucking  of  blood  and 
the  reinfection  of  antjther  human  being.  Sucking  of  the  blood  of 
patients  advanced  beyond  the  fifth  day  of  the  disease  does  not  seem 
to  render  the  mosquito  infectious,  and  at  least  twelve  days  are 
apparently  required  to  allow  the  parasite  to  develop  within  the 
infected  mosquito  to  a  stage  at  which  reinfection  of  the  hiunan 
being  is  possible. 

Tlie  results  of  the  American  Commission  were  soon  confirmed  by 
Guiteras^  and  by  Marehoux,  Salimbeni,  and  Simond."    These  latter 

*OuHeras,  Rev.  d.  m6d.  trop.  Jan.,  1901,  and  Am.  Med.,  11,  1901. 
* MarchonXf  Salimbeni,  and  Siinond,  Ann.  de  I'ioBt.  Past«ar,   1003. 
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obeervcrs,  moreover,  confinned  the  fad  that  infection  could  be 
experimentally  produced  by  injections  of  blood  or  blood  serum  taken 
from  patients  dunng  the  first  three  days  of  tlir  disease.  Tiiey 
showrd  tliat  blood  taken  after  the  fourth  day  was  no  longer  in- 
fectious; that  0.1  C.c.  of  Merum  sufficed  for  infection  and  finally 
that  no  inffction  could  take  placo  through  excoriations  upon  the 
skin.  They  furthermore  confirmed  the  observation  of  Carroll  tliat 
the  virus  of  the  disease  could  pass  through  the  coarser  Berkefeld 
and  Chaniberland  filters. — passinpp  ihrouph  a  Chamberland  candle 
**F"  but  held  back  by  the  finer  variety  known  as  **B." 

The  fundamental  factors  of  yellow-fever  transmission  thus  di»- 
covered,  wc  are  in  possession  of  lof?ieal  means  of  defense.  The  most 
important  feature  of  such  preventive  measures  must  naturally  center 
upon  the  extennination  of  the  transmitting  speeies  of  mosquito. 

Stegomyia  fasciata  or  calopus  is  a  member  of  tlie  group  of 
**Culicida\"  It  is  more  delicately  built  than  most  of  the  other 
memlKM-s  of  the  gi*oup  eulicidw,  is  of  a  dark  gray  color,  and  has 
peculiar  thorax-markings  which  serve  to  distinguish  it  from  other 
speeies.  The  more  detailed  points  of  differentiation  upon  which 
an  exact  zoological  recognition  depends  are  too  technical  lo  be 
entered  into  at  tliis  place.  Briefly  desciibed,  they  consist  of  lyre-like 
markings  of  the  back,  unspotted  wings,  white  stripes  and  spotti  on 
the  abdomen,  and  bandliko  white  markings  about  the  nu'tatarsi  and 
tarsi  of  the  thii*d  pair  of  legs.  The  peculiar  power  of  transmitting 
yellow  fever  possessed  by  this  species  is  explained  by  Marchoux 
and  Simond"  by  the  fael  that  Stegom>ia  faseiata  is  unique  among 
culicitla-  in  that  the  female  lives  for  prolonged  periods  after  sucking 
blood.  Among  other  speeies — Culex  fatigens,  CiUex  confirraatus,  and 
most  others — the  female  lays  its  eggs  within  from  two  to  eight  days 
after  feeding  on  blood  and  rarely  lives  longer  than  the  twelfth  day 
— the  time  necessary  for  the  development  of  the  yellow-fever 
parasite. 

The  limitation  of  yellow  fever  to  tixipieal  countries"  is  explained 
by   the   fact   that   stegomyia  develops  only  in  x>laoes   where  high 
temperatur(»s  prevail.     The  optimum  temperature  for  this  species *j 
lies  between  26"  and  32**  C.     At  17°  C.  it  no  longer  feeds,  and 
bcomes  practically  paralyzed  at  15°   C.     In  order  to  thrive,  the 

^MarchoHx  and  8inu>nd,  Ann.  Se  I'inst.  Puienr,  1906. 
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mcies  requires  a  temperature  never  going:  below  22**  C.  at  night 

kand  rising  regularly  above  25 "^  C.  during  the  day.    The  females  only 
are  dangerous  as  soureea  of  infection.    The  insect,  like  Anopheles, 
haa  the  peculiarity  of  feeding  oldefly  at  night. 
I 


Fio.  99. — Stkoomyia  Fasciata.    (a)  Female.    (6)  Male*    (After  Carroll.) 

I'lxperiments  done  by  Reed,  Carroll,  Agramontc,  and  Lazear,  to 
aseertain  whether  the  power  of  infecting  was  hereditarily  transmis- 
sible from  tlie  mosquito  to  following  generations,  were  negative.  A 
positive  result,  however,  has  been  reported  by  Marchoux  and 
Simond.^    Tliis  question  must  still  await  more  extensive  research. 


ETIOLOGY   OF   YELLOW    FEVER 

Numerous  researches  have  been  aimed  at  the  elucidation  of  the 
problem  of  etiology  and  a  large  numlier  of  different  microorganisms 
for  which  etiological  significance  was  claimed,  have  been  isolated 
from  dejecta,  vomitus  and  secretions  of  patients.  A  few  of  these 
claims  have  only  historical  importance,  but  may  be  mentioned  be- 
cause of  the  wide  interest  they  aroused  among  bacteriologists  in  the 
past. 


"  Marchour  and  Simond,  Comptes  rend,  de  la  doc.  ^e  biot^  59,  190$ 
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CornJl  and  Babes,"  in  1883,  described  chained  cocci  to  whicli 
they  attributed  etiolo^eal  significance,  but  their  contentions  have 
remained  entirely  imconfinned.  Sternberg,^'  in  1897,  described  a 
colon-like  organism,  '*  bacillus  X,"  for  which  he  made  very  con- 
servative claims,  which  he  himself,  later,  withdrew. 

The  most  active  discussion  was  roused  by  the  aimouncement  ol 
Sanarelli/'  in  1897,  that  he  had  discovered,  in  the  blood  and  tissues 
of  patients  dead  of  yellow  fever,  a  Gram-negative  bacillus,  which 
he  believed  to  be  the  etiological  agent  of  the  disease.  lie  based  his 
contention  upon  the  facts  that  he  had  isolated  tht*  organism  from 
seven  cases  of  yellow  fever,  had  produced  symptoms  similar  to  the 
disease  of  the  human  being  by  the  inoculation  of  pure  cultures  into 
dogs,  and  had  obtained  agglutination  of  the  bacillus  in  the  serum 
of  convalescent  patients.  Later  he  inoculated  five  human  beings 
subcutaneously  with  sterilized  cultures  of  this  ''Bacillus  icteroides,** 
and  obtained  symptoms  wliieh  he  believed  simulated  closely  those  of 
yellow  fever.  Tlie  claims  of  Sanarclli  at  fii-si  foutid  much  apparent 
confirmation,  but  later  work  by  Durham  and  Myers.**  Otto," 
Agramonte/'  and  othcj's  has  definiti'ly  n-futcd  liis  original  claims, 
and  there  is  to-day  no  scientific  basis  for  the  assumption  that  the 
Bacillus  icteroides  has  any  etiological  relationship  to  the  disease 
Protozoan  ineitants.  also,  have  been  described  by  Klehs.'"  Sehuller," 
Thayer,"  and  others,  without  bringing  conviction  or  even  justifying 
extensive  investigation  of  their  claims. 

While  the  earlier  etiological  investigations,  therefore,  were  in- 
conclusive, much  evidence  was  adduced  which  seemed  to  indicate 
that  the  virus  was  filtrable.  Reed,  Carroll,  Agramontc  and  Lazear, 
carried  out  experiments  which  they  thought  demonstrated  that  the 
infecting  agent  was  present  in  the  blood  of  patients  during  the 
first  three  days  of  the  disease,  and  could  pass  through  the  pores  of 


■Comfl  and  Babet,  Comptes  rend,  de  Tacad.  dea  acL,  1883. 
**8ierftheTg,  Cent.  f.  Bakt.,  I,  xii,  1807. 

*^8anareni,  Ann.  de  I'inst.  Pasteur,   1897,  and  C«Bt,   f.  Bakt.,  I,  xxii,  xrnif 
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**  Vurham  and  Myers,  Thompson  Yatef;  Laboratory  R*port»,  3,  1902. 
**Otto,  Vierteljahrsch.  f.  gericht,  Modizin,  etc.,  27,  1904. 
''Agramovie,  N.  Y.  Med.  News,  1900. 
**KlehH,  Jnnr.  Am.  Med.  Assn.,  April,  1898. 
«8chmer,  Brrl.  klin.  Wooh.,  7,  1906. 
*rAaj/ffr,  Med.  Record,  1907. 


YELLOW  FEVER  AND  THE  LEPTOSPIItl 


88f 


a  Berkefeld  filler.  The  fiUrability  of  the  \iru8  has  recently  become 
doubtl'ul  in  view  of  the  researcliea  of  Noguchi. 

Recently,  Noguchi''  has  carried  out  investigations  which  promise 
to  settle  the  etiological  problem  in  yellow  fever  conchisively, 
Nogiiphi  in  1918  carried  out  extensive  studies  in  the  Yellow 
Fever  Hospital  at  Guayaquil,  where  he  began  by  observing  172 
typical  cases  of  the  disease,  studying  them  clinically  and  patholog- 
ically. We  mention  this  because  the  only  possible  source  of  error 
in  his  investigations  seems  to  us  to  be  that  of  mistaking  of  cases 
of  infectious  jaundice  for  yellow  fever,  which,  of  course,  is  possible 
in  view  of  the  clinical  similarity  between  the  diseases,  as  emphasized 
by  Nishi.  It  is  important,  therefore,  to  mention  that  Noguchi 
worked  on  what  he  considered  classical  eases  of  yellow  fever  in  a 
Yellow  Fever  llospital  where  he  was  aided  by  physicians  familiar 
with  the  disease.  He  began  by  injecting  blood  from  these  cases 
in  the  first  week  of  the  disease,  into  a  large  number  of  different 
animals.  The  only  animals  with  which  he  had  success,  however, 
were  guinea-pigs.  With  the  blood  of  early  cases  he  inoculated 
seventy-foiu'  guinea-pigs  from  twenty-seven  cases  of  yellow  fever. 
Of  these,  eight,  representing  six  cases,  came  down  ^v\\h  sjTnptoms 
resembling  human  yellow  fever.  After  an  incubation  period  of  three 
to  six  days,  the  guinea-pigs  showed  a  marked  rise  of  temperature, 
conjunctival  congestion,  leucocytosis  followed  by  progressive  leuco- 
penia,  and  a  drop  of  temperature  after  a  few  days.  Jaundice  was 
noticed  during  this  period,  and  hemorrhages  from  the  nose  and  anus 
were  occasionally  observed.  At  autopsy  the  tissues  were  deeply 
jaundieed  and  the  organs  hypcremic.  Hemorrhagic  spots  were 
found  in  the  lungs  and  in  the  intestinal  mucous  membrane. 

In  the  blood,  liver  and  kidneys  of  the  guinea-pigs  experimentally 
infected,  Noguchi  f(»und  the  organism  which  he  calls  the  Leptospira 
Ictero-Hcmwrrhagia:,  This  organism  resembles  quite  closely  the 
causative  agent  of  infectious  jaundice.  In  general,  his  monkey  ex- 
periments were  negative  in  all  species  except  the  Marmosets  (Midas 
Oedipus  and  Midas  Oeoffroyi). 

The  examination  of  the  blood  of  patients  by  the  dark  field  in 
Noguchi 's*''  hands  never  yielded  large  numbers  of  organisms.  In 
careful  examinations  made  on  twenty-seven  cases  be  found  them 
in  three  only.    He  never  saw  them  in  urine,  but  one  guinea-pig 
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iuoculuUtd  with  10  c.c.  of  urine  came  down.    E^caminations  of  the 
ui'KUtm  ri'vealed  them  in  only  one  case  in  the  kidneyu. 

Working  with  mosquitoes,  Noguchi  nllowed  Stegoniyia  i^alopus^ 
lo  bite  yellow  fever  patients  during  the  early  Htages  of  tlic  <li»(-ase^| 
llr  placed  the  arm  of  a  patient  into  a  cage  containing  200  to  300< 
rnoH(]uiloeN  liatched  from  the  larvse,  and  allowed  the  mosquitoet^ 
III  feed  until  the  females  were  full  of  blood.  Twcnly-three  days, 
after  feeding  on  the  patient,  the  mosquitoea  were  allowed  to  feecll 
on  guinea-pigs.  By  this  method  he  claims  that  he  obtained  one 
po8itive  experiment  out  of  six.  In  this  positive  expL-riment  the 
guinea-piga  developed  typical  symptoms  in  about  fifteen  days. 

Nogiiehi  also  cultivated  the  Leptospira  three  times  directly  from 
yellow  fever  patients.  The  medium  consisted  of  a  mixture  of  one 
part  of  serum  from  non-immiuie  persons  and  three  parts  of  Ringer's 
solution,  used  both  in  tlie  liquid  form  and  also  iu  the  semi-solid 
condition,  by  adding  small  amounts  of  melted  neutral  agar.  To 
this  about  1  c.c.  of  citrated  blood  from  the  median  basilic  vein  of 
the  patient  was  added,  first  being  mixed  with  the  semi-solid  agar» 
while  this  was  in  the  fluid  condition  at  42°  C.  This  was  allowed 
to  solidify  by  ciH}ling,  and  the  warm  Ringer's  solution  wa;^  then 
poured  on  the  semi-solid  portion  and  about  0.5  to  1  c.c.  of  the  same 
blood  introduced.    The  culture  was  then  covered  with  paraffin  oLL 

lie  also  cultivated  the  organisms  from  infected  guinea-pigs. 

He  described  them  as  follows:  The  Leptospira  is  an  extremely 
delicate  filament  about  4  to  9  micra  in  length  and  0.2  of  a  micron 
in  width.  It  tapers  gradually  toward  the  extremities  and  ends 
in  thick  sharp  points.  It  is  minutely  wound  at  short  and  regular 
intervals,  each  section  measuring  about  0.25  of  a  micron.  The 
uindings  are  so  placed  as  tu  furm  a  zigzag  line  at  angles  of  90°. 

It  is  not  visible  by  ordinary  light,  but  is  easily  seen  with  a  darlc 
field.  It  is  actively  motile,  shoAvuig  a  vibratory  motion  and  some* 
times  twisting  parts  of  the  filament.  It  borea  into  the  semi-solid 
material  and  is  remarkably  flexible. 

It  is  diffieult  to  stain  with  ordinary  dyes,  but  can  be  fixed  by  osmiq 
acid  and  stained  with  Giimsa  or  other  polychrome  stains. 

In  regard  to  transmission,  it  is  an  important  fact  (Noguchi) 
that  67  per  cent  of  the  wild  rats  of  Guayaqiiil  showed  orgardsms 
in  their  kidneys  similar  in  appearanee  to  the  leptospira  just 
described;  and  tliese  inoculated  into  guinea-pigs  produced  lesions 
similar  to  tliose  produced  by  the  yellow  fever  blood. 
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In  regard  to  the  question  of  the  identity  of  the  yellow  fever 
spirochtete  with  that  of  Weil's  disease.  Nog^ifhi  states  that  serolog- 
ical differentiation  eould  be  made.  Polyvalent  immune  sera,  one 
speeific  for  icteroidcs  and  the  other  specific  for  icterohemorrhaguB, 
allowed  a  higli  neutralizing  power  fur  cultures  of  the  homologous 
group.  He  found,  however,  that  the  action  of  the  sera  is  not 
absolutely  specific,  since  the  injection  of  a  sufficient  amount  of 
anti-ictiToides  serum  prevents  a  fatal  outcome  iu  guinea-pigs  in- 
oculated with  multiple  doses  of  the  other  organism,  and  vice  versa. 
Other  forms  of  serum  reaction  showed  the  same  lack  of  absolute 
specificity. 

Subsequently,  Noguchi  attempted  to  protect  guinea-pigs  against 
multiple  doscH  by  injection  of  immune  sera,  lie  produced  polyvalent 
immune  serum  by  inoculation  of  a  horse,  and  found  that  such  aerum 
eould  protect  guinea-pigs  when  administered  duruig  the  period  of 
incubation,  and  modified  the  course  of  the  disease  when  used  in 
the  early  stages,  but  had  no  perceptible  result  in  the  lattT  periods. 

Subsequent  to  the  experiments  of  Noguchi  recorded  above, 
Noguchi  and  Kligler**  obtained  results  of  similar  experimental  sig- 
nificance in  Yucatan. 


PREVENTION  OP  YELLOW  FEVEE 

Success  in  the  prevention  of  yellow  fever  has  been  one  of  the 
important  factoi-a  in  th*'  development  of  South  and  Central  Ameri- 
can countries.  The  conversion  of  Rio  de  Janeiro  into  a  healthy 
port  by  Oswaldo  Cruz,  the  denning  up  of  New  Orleans  and  the 
work  done  by  Gorgas  in  Panama  indicate  the  splendid  role  which 
an  understanding  of  the  relations  of  transmission  in  this  disease 
have  played  in  the  progress  of  civilization.  Knowing  what  we  do 
about  the  Stegomyia  «nd  the  part  played  by  it  in  traasmission, 
preventive  measures  must  depend  primainly  uptjn  the  suppression 
of  the  mosquito  and  the  isolation  of  t-ascs  from  which  mosfinitoea 
may  acquire  the  infection.  The  disease  is  never,  as  far  as  we  know, 
conveyed  by  direct  infection  from  man  to  man,  or  by  soiled  clothing, 
etc.,  and  in  consequence  tlu-re  is  no  necessity  for  rare  in  these 
matters.  The  stegnioyia  breeds  particularly  in  rather  pure  water, 
such  as  found  in  rain  water  cisterns,  and  fortunately  does  not,  like 
some  other  mosquitoes,  hrerd  in  swamps,  ponds  and  other  natural 
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surface  waters.  ItR  fljang  radius  is  apparently  not  very  large. 
Unlike  the  Anopheles,  its  habitH  are  diurnal  iustead  of  uocturual. 
Roseiuiu  slates  tliat  experience  of  the  epidemic  in  New  Orleans  In 
1906  showed  tliat  this  mosquito  docs  not  fly  far  from  its  plaeo  of 
birth.  AVe  take  from  thr  samt'  writer  the  statement  that,  in  order 
to  hold  l>ack  the  small  mosquito,  a  meah  must  be  used  containing 
at  leaHt  twenty  strands  to  the  Inch. 

Prevention  may,  therefore,  be  summed  up  as  consisting  in  screen- 
ing of  patients,  screening  of  houses,  destruction  of  mosquitoes  within 
houses  by  insecticides  ami  fumiKation  and  the  painstaking  n-moval 
of  all  stagnant  waters  in  the  neiglit)orhuod  of  iuinmn  habitations 
with  eapeeial  care  to  the  screening  of  drinking  water  cisterns  in 
places  where,  aR  in  Bermuda,  dnnkinp  wat<^r  is  collected  in  rain 
water  receptacles.  In  places  like  Uermudu,  the  Stegomyia  fasciata 
is  eoinmon,  and  yet  there  has  been  no  cmo  of  yellow  fever*  we 
understand,  since  1869. 

Immunity. — Natural  immunity  against  yellow  fever  was  fonncrly 
asfiumed  to  exist  in  the  negro  race.  More  recent  investigations  have 
not  borne  out  this  assumption.  The  negro  soldiers  of  the  Amencan 
army  in  Cuba  were  afllieted  equally  with  the  white  troops.  Tho 
relative  immunity  of  dark-skinned  races,  however,  is  explained  pos- 
sibly by  the  fact  that  the  stegomyia  prefers  to  attack  light-colored 
Biu*face8. 

A  single  attack  seems  to  protect  against  subseqi;ent  infection 
throughout  life. 

Relative  immunity  was  produced  by  Mai'choux,  Salimhcni,  and 
Simond,"  by  injections  of  the  scrum  of  convalescents,  scrum  heated 
to  55°  C,  and  of  delibrinated  blood  preserved  for  eight  days  in 
vessels  scaled  with  vaseline. 

Experimental  work  is  being  earned  out  by  Noguchi  on  both 
active  and  passive  immunisation  by  the  use  of  his  pure  cultiu*es 
of  the  Lfpfospira  icteroides,  The^e  ejcperlments  arc  being  actively 
carried  out  at  the  present  lime,  but  (inal  results  have  not  yet  l>een 
achieved.  On  the  whole,  however,  the  promise  of  this  work  is  great 
and  extremely  encouraging.  It  is  especially  encouraging  in  con- 
sideration of  the  great  similarity  between  this  Leptospira  and  the 
one  of  WeiKs  disesRe  with  which  immunization  experiments  are  also 
foil  of  promise. 


"  Mnrehoux,  Salimbeni,  and  Simond,  Ann.  tie  I'inirt.  Pjisteur,  1903. 
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WEILS    DISEASE;    ICTERO-HiEMORRHAOIG    FEVER; 
(EPIDEMIC    JAUNDICE) 

This  is  a  disease  which  has  been  known  for  a  very  long  time. 
It  was  described  by  Larrey  as  early  as  1800  and  the  probability 
of  its  being  a  clinical  entity  was  recognized  by  a  number  of  other 
ol>8t'rver8  between  tl»at  time  and  1886  when  Weil  gave  an  accurate 
description  of  a  number  of  eases  he  observed  in  Germany.  The 
infections  nature  of  the  disease  was  suspected  from  the  course  and 
symptoms  and  many  etiological  ** guesses"  were  made.  For  a  time 
it  was  suspected  that  the  disease  was  particularly  associated  with 
butcher  shops  and  occurred  CBpeeially  in  individuals  following 
the  butcher's  trade.  During  the  recent  war  the  disease  occurred 
in  many  of  the  armies  at  the  front,  in  the  trenches.  They  were 
first  reported  from  the  Italian  front  and  later  in  the  British.  (Jerman 
and  Froneli  armies,  occurring  at  times  in  almost  epidemic-like  form. 
The  disease  lias  been  relatively  mild  in  Kuropean  countries,  whereas 
in  Japan  where  it  seems  to  be  pnrtieularlj'  a  disca.se  of  mine  workers, 
it  is  quite  virulent  and  often  has  a  high  death  rate.  It  seems  to 
have  been  particularly  a  disease  of  war,  since  the  eases  of  Larrey 
came  from  the  Eygptian  army  of  Napoleon.  The  recent  outbreaks 
were  largely  among  soldiers  and  it  is  stated  that  a  considerable 
number  of  cases  occurred  in  the  South  African  and  the  American 
Civil  Wars.  It  is  important  to  note  in  connection  with  what  mil 
be  said  later  about  yellow  fever  that  Nishi  identified  Weil's  disease 
with  fellow  fever  some  time  ago,  but  was  opposed  by  Ohno.  Inada 
and  his  co-workers  mention  this,  and  emphasize  the  difference  be- 
t^veen  the  two  diseases  from  the  epidemiological  point  of  view, 
thougli  they  admit  the  similarity  of  the  symptoms.  Also,  transmis- 
sion seems  to  be  quite  different  in  the  two  diseases. 

The  Disease. — Fiedler,'*  whom  we  quote  from  Inada**  divides 
the  disease  into  three  stages,  an  initial  period  of  two  or  three  days, 
with  fever,  followed  by  a  second  stage  of  three  days,  during  which 
icterus,  edema  of  the  liver,  enlargement  of  the  spleen  and  skin 
hemorrhages  occur.  TJie  defervescent  period  starts  on  the  seventh 
day  and  initiates  convalescence.    Inada  describes  it  as  follows:  The 


"Fiedler,  Deut.  arch.  kUn.  Med,,  1892,  1,  232. 
**  Inada,  Jour,  exper.  Med.,  26,  1917,  35fi. 
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onset  is  initiated  by  chills  and  fever,  intestinal  disturbances,  head- 
ache,   muscular    pains,    hyperemia    of    the    conjunctiva;    and    al- 
buminuria.    In  this  stage  death  is  rare,  and  duiing  this  time   the 
spirocho'tes   are   freely   eirculating  in   the   blood.     Blood   injected 
dui-ing  this  period  into  guinea-pigs  produces  a  typical   reai'tion. 
The  infeetivity  of  the  blood  deirrases  from  this  time  on,  aet-ording 
to  Inada.     From  the  seventh  to  the  thirteenth  day  of  the  ictrric 
period,  which,  according  to  luada,  covcra  a  little  less  tban  a  wi^pk. 
The  symptoms  decrease,   th<*  jnundioe   and  hemorrhages  into   the 
skin   appear,   together  with   grt-al   weakness,   nervous   and  cardiac 
symptoms.     The  two  stage^t  shade  into  each  other  and  the  second 
penod  is  the  one  during  which   death  is  most   common.     Li  cases 
dead  at  this  time  the  spirochaetes  have  disappeai-ed  from  the  blood, 
and  antibodies  can  be  shown  by  the  Pfeiffer  test.    During  the  second 
stage,  the  spiroehaetes  arc  present  in  the  urine  and  can  be  found 
by  the  dark  field.    Inada  showed  then*  in  17.4  per  cent  of  his  cases 
on  the  tenth  day.  with  a  gradually  growing  percentage  up  to  52.2 
per  cent.     As  antiU>die8  develop  the  spiroehaetes  disappear  from 
the  bk)od  and  frum  the  liver. 

On  the  thirteenth  and  fourteenth  day  begins  the  convalescent 
stage.  The  jaundice  becomes  less  and  nncniia  and  emaciation 
appear.  Antibodien  reach  their  highest  point  in  the  blood,  the 
spiroehaetes  completely  disappear  from  the  blood,  and  become  more 
abundant  in  the  urine.  Inada  states  that  the  only  organ  in  which 
the  spiroehaetes  can  bi»  found  at  tlus  timi*  are  the  kidneys.  By 
the  nineteenth  and  twentieth  day,  practically  all  cases  show  the 
organisms  in  the  urine. 

The  incubation  period  of  the  disease  is  ^re  to  seven  days. 

Etiology  of  Weil's  Disease. — A  great  many  diffcnnt  microorgan* 
isms  have  been  described  in  the  course  of  time  as  the  cause  of 
Weil's  disease.  The  question  was  definitely  settled  in  1916  by  Inada, 
Yutaka,  Hold,  Kaneko  and  Ito"  who  described  the  Spirochata  Ictcvo- 
naemorrkagiae.  They  found  the  orgaiiisms  in  the  blood,  livei*,  adrenal 
glands  and  kidneys  and  transmitted  it  by  intraperitoneal  injection 
into  guinea-pigs.  They  also  succeeded  in  cultivating  the  organisms 
by  the  Xofritchi  method.  There  can  be  no  question  whatever  at 
the  present  time  concerning  the  etiological  importance  of  this  or- 
ganism   in   Weil's   disease.      Inada    and    his   co-workers    inoculated 


Inada,  and  coworkers.  Jour.  ExpAr.  M«(l.»  35,  lOlO,  377. 
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monkeys,  rabbits,  rats  and  ^linea-piRs  -with  the  blood  of  patients 
in  JiUy,  1913,  and  found  thai  the  gmnea-pigs  developed  albuniiuuiia, 
ilautidicc  aad  hemorrhag:eB  whun  the  blood  was  injected  during  the 
first  seven  days  of  the  illness.  Subsequently,  they  found  the  spiro- 
chaetes  in  large  nuuibei'K  in  tiie  liverK  of  iiUK'ulated  K^i'i^'t^-pi^i 
and  following  this,  found  them  microscopicaliy  in  six  specimens  of 
patients*  blond  and  at  autopsies.  The  jaundiee  in  the  guinca-pigH 
appi-ars  al>out  seven  or  eight  days  after  inoculation,  the  shortest 
time  being  six  days  and  the  longest  thirteen.  The  disease  can  be 
kept  going  in  guinea-pigs  through  many  generations.  Rabbita  are 
insuseeptil)le.    Mice  and  rats  seem  to  be  slightly  susecptible. 

The  organism  seems  always  to  remain  outaide  the  blood  cells 
and  is  present  in  the  intei-stitial  tissues  of  organs.  It  has  irregular 
wavy  curves  and  is  from  6  to  9  micra  long,  the  largest  being  12 
to  13.  Thickness  seems  to  vary  with  staining  methods.  Undula- 
tions are  more  irregular  than  those  of  treponenia  pallidum  and  are 
usually  composed  of  two  or  three  large  irregular  and  four  or  five 
smaller  waves. 

Cultivation  was  successful  in  the  hands  of  Inada  and  his^  eo- 
workers  by  the  method  used  by  Noguchi  in  the  case  of  the  spiro- 
chflete  of  recurrent  fever.  They  nsed  guinea-pig  instead  of  rabbit 
kidjiey,  and  covered  their  deep  tubes  with  liquid  paraffiji.  They 
found,  however,  that  37**  C.  is  not  the  best  temperature  for  develop- 
ment, but  that  the  cultures  grow  best  at  between  73,°  and  25'  (*. 
The  cultures  are  odorless  and  there  is  no  coagulation  of  the 
tiuid  which  remains  clear,  even  slight  cloudiness  indicating  con- 
tamination. The  cultures  may  live  from  three  to  six  weeks  in  the 
first  generation,  and  in  later  generations  as  long  as  fifty-five  days. 

Transmission. — Sul)sequent  to  the  announcement  of  inada 's  dis- 
covery, Aliyjujiraa  called  attention  tn  tlie  fact  that  he  had  seen 
spirochaetes  in  the  kidneys  of  field  mice.  This  clue  was  followed 
up  by  Ido.  Hoki.  Ito,  Wani^"  and  many  others  who  found  spirochaetes 
similar  t<^  the  ones dcserihed  by  Inada  in  house  and  I'oof  rats,  Kftymis  or 
Mas  alexandrinus  and  Mns  norvcgicns.  Since  that  time  Stokes"  denion- 
8trate<l  the  organisms  in  tlie  kidneys  of  field  rats  in  the  neighborhood 
of  infected  districts  in  Flanders,  and  Xogiielii^"  has  found  similar 


*•  Ido,  ffoki,  Ito,  ani]  Want,  Jour.  Expcr.  Mod.,  26,  1»17,  341. 
"fitotM,  Syle  wid  Tytler,  Lancet,  I,  1917,  142. 
'^Noguchi,  Jour.  Kxper.  Med.,  25,  IS17,  755. 
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organUms  in  wild  rats  in  the  United  States.  From  these  and  other 
experiments,  it  appears  probable  that  the  disease  is  primarily  one 
of  nilH,  and  is  transmitted  secondarily  to  man.  It  may  be  trans- 
mitted by  eontact  with  the  urine  of  the  rats  and,  according  to  the 
Japanese  investigators,  the  infected  soil  may  play  an  important  part. 
Damp,  cold  Diincs  in  which  rats  abound  seem  to  be  particularly 
favorable.  Infection  froai  man  to  man  may  occur,  since,  as  wt  liave 
neen,  the  spirochtetes  pass  into  the  urine,  but  this  is  relatively  rare. 
According  to  Inadu  and  his  coworkers,"  the  spinKihietes  enter  the* 
human  body  cbiefly  tlirough  the  alimentar>'-  canal,  but  they  may  also 
come  in  through  abrasions  of  the  skin.  Among  fifty-five  cases  ad- 
mitted to  Inada's  clinic,  only  a  few  indicated  cutaneous  origin,  but 
there  were  certain  of  these  in  "which  cutaneous  origin  could  not 
be  denied. 

Senmi  Treatment.— Inada  and  Ido"  first  attempted  to  treat  the 
discAMc  with  the  blood  of  convalescent  cases  and  observed  astonish- 
ingly favorable  results.  Later,  they  actively  immunized  horses  with 
pure  cultures  and  finally  obtained  horses  into  whom  they  could 
inject  800  c.c.  of  a  pure  culture  containing  thirty  spirochetes  per 
field.  0.01  c.c.  of  this  .serum  injected  into  the  peritoneal  cavity  of 
guincft'pigs  protected  them  against  1  c.c.  of  pure  culture.  In  human 
oases  they  injected  as  much  as  60  c.c.  of  this  horse  serum  in  twenty- 
four  hours.  Of  thirty-five  patients  who  received  serum,  seven  died, 
showing  a  mortality  of  11.4  per  cent  as  against  17.3  per  cent  of 
oases  dead  at  the  same  time,  without  serum.  The  serum  completely 
doatroyed  spiroehtetes  contained  in  the  circulating  blood.  Further 
work  on  specific  treatment  is  in  progress. 

Prevention. — The  prevention  of  the  fever  seems  from  the  above 
faclK  to  rest  primarily  upon  the  destruction  of  rats  and  the  preven- 
tion of  eontact  of  rats  with  food,  the  prevention  of  the  pollution  of 
soil,  tind  isolation  and  care  in  regard  to  transmission  in  the  case  of 
patients  Huttering  from  the  disease. 

*/fi<ufa  ftnd  Jd0.  Jour.  Exper.  Me4.,  24,  1916,  405. 
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GENERAL   CONSIDERATION   OF    FILTRABLE   VIRUS,   SMALLPOX   AND 

RARIE8 

FILTRABLE  VIRUS 

Recent  investigations  into  the  causation  of  disease  have  revealed 
that  a  considerable  number  of  inl'ections  may  be  caused  by  organisms 
too  small  to  be  held  back  by  filters  through  which  cA'en  the  smallest 
bacteria  cannot  pass.  The  earliest  observations  of  such  "filtrable 
virus"  arc  proliabTy  those  of  Frosch  (1893]  in  foot-and-mouth  dis- 
ease and  of  Holjcriiifk  in  the  mosaic  disease  of  tobacco.  Sinct?  then 
similar  investigations  have  shown  that  a  large  number  of  diseases 
are  probably  caused  by  such  minute  organisms;  their  investipalion. 
long  delayed  by  the  belief  in  their  invisibility  by  even  the  most 
powerful  microscopic  aid,  and  by  our  inability  to  cultivate  them, 
has  taken  new  impetus  from  the  discovei*y  and  probable  cultivation 
of  minute  globoid  Ijodies  from  the  virus  of  poliomyelitis  by  Flexner 
and  Noguehi  {see  below). 

Similar  bodies  have  since  then  been  seen  in  connection  with 
other  diseases  by  many  observers,  and  in  lethargic  encephalitis 
recently  Strauss  and  Loewe  claim  to  have  cultivated  organisms  quite 
similar  to  those  of  poliomyelitis  cultivated  by  NogueliL  In  thinking 
of  fiUrability,  however,  one  must  remember  that  filtrability,  like 
diffusibility,  is  not  an  absolute  concept,  and  that  much  depends 
upon  the  nature  of  the  filter  used  and  the  amount  of  suction  applied. 
Thus,  there  has  been  much  discussion  as  to  the  filtrability  of  diseases 
like  syphilis,  yellow  fever,  etc.,  and  in  conditions  caused  by  flexible 
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organisms  like  spirochsates  it  might  be  quite  possible  with  sufScient 
suction  and  filters  of  sufficient  size  to  mechanically  pull  through 
organisms  which,  by  their  actual  normal  dimensions,  would  be  re- 
garded as  too  large  to  be  classified  with  filtrable  organisms  merely 
in  regard  to  size.  The  Berkefeld  filters  of  various  grades  will  differ 
materially  in  the  sizes  of  the  particles  they  will  let  through,  and 
filters  that  are  new  will  act  diiferently  from  filters  that  have  been 
used;  and  in  this  regard  will  vary  to  some  extent,  according  to 
the  nature  of  the  substances  that  they  have  been  used  for  at  previous 
filtrations.  Also,  in  a  comparative  experiment  made  by  us  in  con- 
nection with  syphilis  some  years  ago,  it  was  found  that  new  filters 
of  presumably  the  same  manufacturer's  grade,  differed  somewhat 
in  regard  to  the  substances  they  allowed  to  pass  through,  and  all 
experienced  investigators  will  always  control  their  filtration  experi- 
ments by  adding  to  the  substance,  the  filtrability  of  which  they  wish 
to  test,  bacteria  of  a  smail  size  (like  infinenza  bacillus  or  B.  pyo- 
cyaneus),  so  that  they  may  know  in  that  particular  filtration  the 
filter  used  was  impermeable  to  the  small  bacteria.  Filtrability,  then, 
is  a  matter  of  gradation  and  not  a  sharp  wall  which  necessarily 
separates  one  kingdom  of  microorganisms  from  another. 

The  following  tabidation  of  the  diseases  presumably  caused  by 
filtrable  virus  was  made  by  Wolbach*  some  time  ago  and  is  taken 
from  his  article  by  us  in  its  entirety  with  one  or  two  modifications 
made  necessary  by  recent  developments: 

SMALLPOX 

Smallpox  or  variola  is  one  of  the  most  virulent  of  infectious 
diseases.  Throughout  history  it  has  been  a  severe  scourge  of  man- 
kind, prevailing  in  China  and  other  Eastern  countries  many  centuries 
before  Christ  and  sweeping  through  medieval  Europe,  especially  at 
the  time  of  the  Crusades,  in  a  series  of  severe  epidemics.  All  races 
of  men  are  susceptible  and  no  age  from  childhood  to  senility  is 
exempt.  In  modem  times  the  disease  is  endemic  in  most  uncivilized 
countries,  especially  those  of  the  East,  and  occurs  sporadically  in 
all  parts  of  the  globe.  Owing  to  riirid  enforcement  of  vaccination 
and  of  quarantine  laws,  however,  the  disease  has  been  practically 

eradicated  from  civilized  countries. 

— 

>  WolbacK  Jour,  of  Med.  Bet.,  zxvii^  1932, 
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The  etiological  factor  which  causes  smallpox  is  still  unknown. 
Numerous  researches  aimed  at  the  discovery  of  cultivatable  micro- 
organisms  in  the  lesions  or  blood  of  infected  patients  have  met  with 
uniform  failure.  Streptococci,  though  often  found  in  the  smallpox 
vesicles  and  pustules,  and  often  undoubtedly  contributing  materially 
to  the  fatal  outcome  of  the  disease,  may  be  regarded  as  purely 
secondary  in  signifieance. 

Communications  which  have  claimed  the  discovery  of  a  protozoan 
Incitant  of  the  disease  have,  on  the  other  hand,  been  numerous  and, 
in  some  cases,  have  seemed  plausible.  Yet  absolute  proof  has  always 
been  lacking.  The  literature  on  tlus  question  is  extensive  and  some 
of  the  earlier  contributions,  such  as  those  of  Griinhagon,''  of  Van 
der  Loeff,'  and  of  Pfeiffcr,*  possess  historical  intcrcNt  only.  The 
work  which,  of  recent  years,  has  attracted  the  most  serious  attention 
to  this  subject  is  that  published  by  Guarnieri"  in  1892.  This  observer 
found,  in  the  deeper  cells  of  the  epithelium  covering  llie  pustules, 
iKJth  of  smallpox  lesions  and  of  vaccination  lesions,  small  bodies 
which  were  easily  stained  by  hematoxylin,  safranin,  or  carmin. 
Similar  bodies  could  be  observed  in  the  cells  of  corneal  lesions 
experimentally  produced  in  rabbits.  Guaranieri  claimed  that  he 
distinguished  both  cytoplasm  and  nucleus  in  these  bodies  and 
described  both  binary  division  and  reproduction  by  sporulation  as 
in  the  sporozoa.  He  named  the  supposed  protozoan  ' '  Cytorryctes 
varioliE. "  At  about  the  same  time  Monti**  described  similar  bodies 
in  the  cells  of  the  Malpighian  layer  of  the  skin  covering  smallpox 
lesions  and,  a  few  yeara  later,  Clarke'  confirmed  the  researches  of 
Guarnieri.  Subsequently,  many  researches  were  carried  out  on  the 
same  subject  in  this  country,  the  most  notable  being  those  of  Coun- 
cilman," Magrath  and  lirinckerhofT,  and  of  Calkins."  The  former 
authors  came  to  the  conclusion  that  the  bodies  seen  by  Guarnieri 
were  parasites,  and  the  latter  author  even  described  a  distinct  life- 
cycle  for  these  parasites  comparable  to  that  of  some  protozoa. 


'  Qtiinhagen,  Art-h.  f.  Dormat.  u.  Syph.,  1892. 

•  Ion  tier  Loeff,  Monat.  t.  prakt.  Dermat.i  iv. 
*L.   Pfriffer,  Z*it.   f.  Hjg.,  xxiii. 

*Ouarnitri,  Arch,  per  le  k.  med.,  xxvi,  1892;  Cent,  f,  Bakt^  I,  xvi,  1894, 

*  Monti,  Cent.  f.  Bakt..  I,  xvi. 
^Clarke,  Brit.  Med.  Jour.,  2,  1894. 

*Co%inMlman,  Magrath,  and  BriitW-'^Afi/Ti  Jour.  Med.  Ben.,  si,  1904. 
*CaMnM,  Jour.  Mod.  fies^  xi,  1004. 


GENERAL   CX)NSIDERATION    OF   FILTRABLE   VIRUS  893 

These  researches,  however,  are  by  no  means  convincing,  and 
Ewing,"  while  admitting  that  tlie  vaccine  bodies  are  probably 
epceific  for  variola,  calls  attention  to  the  fact  that  specific 
cell-degenerations  or  inclnsions  are  fonnd  in  diphtheria,  measles, 
glanders,  rabies,  and  other  infectious  processes,  which  can  not  be 
regarded  as  in  any  way  related  to  these  diseases  etiologieally,  and 
suggests  the  probability  of  a  similar  interpretation  for  the  vaccine 
bodies.  Much  has  been  said  on  both  sides  of  the  question  since 
that  time,  and  the  problem  can  not  be  regarded  as  settled.  The 
burden  of  proof,  of  coui*ac,  rests  upon  those  who  claim  the  discovery 
of  a  specific  microorganism,  and  absohite  proof  will  probably  be 
lacking  until  our  experimental  methods  are  such  as  will  permit  of 
other  than  purely  morpliological  demonstration. 

Whatever  the  actual  causative  agent  may  be,  it  is  certain  that 
the  disease  is  transmitted  with  extreme  east- — actual  contact,  direct 
or  indirect,  witli  a  patient  being  unnecessary  for  its  transmissron. 
"VVluIe  we  have  no  certain  knowledge  of  tlie  portal  of  entry  through 
which  the  virus  invades  the  human  body,  many  considerations  have 
loade  it  seem  plausible  that  this  may  take  place  through  the  mucosa 
of  the  upper  respiratory  tract. 

Our  knowledge  of  tl»e  means  of  defense  against  the  malady  is 
fortunately  more  advanced  than  is  that  of  its  etiology.  Jt  has  been 
Jtnown  for  cenluriea  that  une  attack  of  smallpox  orotects  atfainst 
subsequent  attacloi.  This  knowledge  was  made  use  of  by  the  physi- 
cians of  ancient  China  and  India,  who,  during  mild  epidemic^ 
exposed  healthy  cldldren  to  infection,  hoping  that  mild  attacks 
would  result  wtiich  would  confer  immunity.  While  dangerous  in 
the  extreme^  such  ''variolation,'*  nevertheless,  was  not  without  some 
benefit  and  was  even  introduced  into  Europe  in  the  eighteenth  cen- 
tury by  Lady  Mary  Wortley  Montagu. 

Such  practices,  however,  were  made  unnecessary  by  the  classical 
investigations  of  Jenner  published  in  1798.  Jenner,  as  a  student, 
had  been  impressed  with  the  fact  that  country-people  who  had  been 
jnfected  with  a  disea33  known  as  cowpox.  were  usually  immune 
against  smallpox.  His  sttidies  and  observations  came  to  a  practical 
issue  when,  in  1796,  he  inoculaled  a  boy,  James  PhJnns.  witli  pus 
from  a  cowpox  lesion  on  the  hand  of  an  infected  dairy-maid.  Two 
months  later  the  same  bov  was  inoculated  TrJTh  matfrial  from  n 


"Swing,  Jour.  Mod.  Ber.,  xlit,  1905. 
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Tbe  quMtaoo  m  to  the  identity  of  covpox  and 
the  fatfv  of  a  Iob^  coDtrcnrcT^.  lia&y  cibR-rvriB  daawd  fraai  Ibe 
fct.gSimSwg  tliAi  tJM  tvo  ^Mtfcs,  tho«^  ekadj  related  to  cadk  ot2»er. 
were  CMentiallx  different.  Othcra^  on  the  coptrarj^  »»*^  »>i^  TITtlT* 
ty  {fi»  tlw  pr^vai^im  opinion  among  arlmtaitii  at  the  proent  da^ 
MMirtfjiSn  thAt  <"oirpcix  or  vafcinia,  as  it  is  called  wb«i  mot-cjated 
into  a  J'TOMI]  tf^JP'^i  repreaenta  merdT  an  altered  and  attenaated 
%'afirty  ol  variola.  This  latter  Ticv  is  based  on  the  foUovm^  eoQ- 
siderstvwMi,  which  we  take  from  Haceios  as  qusted  bj  PaoL" 


L  Variola  it  iafari8l4T  tiBiinisime  to  esttie,  «i»  ficoper  uibC>bJi  of 
iiiftrriatioa  axe  rmpkytd. 

2.  Variola  famed  throogb  vercrai  animab,  in  the  abvre  waj.  beeuaw 
tHiertA  ia  cliarart«r,  apfiroofhioir  is  naiore  typical  rarciiiia  or  eowpox. 

3L  Saeh  virua,  zdnocalated  into  uaa,  ^vts  rise  to  purely  local  kaMm 
vhich  an  miM  axkd  anlike  snallpoK. 

4.  looealstioo  witb  sodi  rima  proCerts  bntli  nan  and  aarmilfi  againat 
It  iaoealatioo  wiih  eovpox,  aad^  ia  the  ease  of  man,  agaoBBt  tmtsHpw 


Kohner"  has  earned  out  complement-fixations,  using  as  antigens 
aalt  aoiadoa  sospensions  of  cowpox  and  smallpox  Tiras,  and  has 
deoMmstrst^  close  biolof^cal  relationship  between  the  two. 

It  has  l>een  claimed,  moreover,  that  cowpox  originally  was  trans- 
mitt«.-d  to  cafllc  by  human  beings  affected  "with  smallpox.  This  seems 
likely  both  }>ecause  of  the  comparatire  rarity  of  the  former  disease 
and  because  of  its  spontaneous  occurrence  almost  invansbly  upon 
the  tcatH  of  cows,  although  both  males  and  females  are  equally 
■ISOeptiblc  to  exDenmental  inoculation. 

The  relationship  of  variola  to  chicken-pox  or  varicella  has  been 
more  ea.sily  determined.  Chicken-pox  <1och  not  protect  agaiusi  sniall- 
pox  nor  in  this  the  pft<^  '"-^^  rfmq^  The  two  diseas*^  are  uimucstion- 
ably  quite  dislinct- 

The  Production  of  Vaccine, — During  the  early  dajrs  of  vaccina^ 
lion,  it  was  customary  to  inoculate  human  beings  with  the  matter 


"Pay/,  " VoceiDation " ;  Kraut  and  Leraditi,  "HanHbnrb,  "  ct*..  T. 
'*Kolmer,  Jour,  of  Imoiuaolojcy,  No,  L  Feb.,  1916. 
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oT>t'ained  from  the  pustules  of  those  previously  vacfinatod.  "While 
tliis  method  was  perfectly  satisfactory  for  the  immediate  purposes 
in  view,  praetieal  diffleultics  and  the  occasional  aeeidental  trans- 
mission of  sypliilis  have  rendered  this  praetiee  undesirable.  In 
consoqucnee,  n^  nil  institiitPH  fl\  A^-hich  vaeeine  is  produced  for  use 
upon  man,  tiu-  vh-im  is  ohtiiiin-d  frnm  j^pimals.  Hnrsi'K  ;niil  muh'S. 
both  extremely  suseeptible  to  vaccine,  have  been  employed,  and 
jgtuits  have,  at   times.  I)een  ehoscn  heeauae  of  their  insuseeplihililv 

to  tuberculosis.       UahhiLs   |^mw>    nlwr>    K^.^.n    iicful    m»i->i    ffiM^nlly   Ky    f'nl- 

mette  and  Guerin.^-^ 

The  animals  almost  exclusively  employed  at  the  present  day^ 
however,  are  calves,  preferably  at  ntrrs  of  from  six  months  to  two 
yearjL  Very  youngj  suckling  calves  an*  unsuitable  because  of  the 
great  speed  of  development  and  small  size  of  the  lesions  produced. 
The  animals  should  be  healtliy  and  at  some  institutes  (Dresden) 
are  subjected,  before  use,  to  the  tuberculin  test;  althoup:h.  according 

Paul."  this  produces  a  hypersusccptibility  to  the  vaccine,  and 
^  ^u  be  omitted  without  danger  wlien  careful  supervision  is  obsei-ved'. 
Some  observers  prefer  to  use  light-colored  animals  rather  than  dark- 
slcinued  or  black  ones,  both  for  reasons  of  greater  case  of  cleanliness 
and  because  the  former  are  supposed  to  be  more  susceptible  than 
the  latter.  This  contention  is  denied  by  others.  The  sex  of  the 
animals  is  immaterial.  "         ' 


During  tiie  period  of  use,  the  calves  are  fed,  according  to  age. 
with  either  an  exclusive  milk  diet,  or  they  are  given,  in  addition, 
fresh  hay.  The  greatest  cleanliness  in  regard  to  the  bedding  and 
stalls  must  be  obser\-ed  and  sc]>arate  stables  should  be  available 
for  the  animals  under  treatment  and  those  under  observation  before 
treatment.  These  stables,  if  possible,  should  l)e  so  built  that  they 
can  be  easily  scoured  and  Hushed  with  water,  and  stalls  should  be 
disinfected  after  occupation.  If  possible,  stables  should  be  artifl- 
cially  heated  and  a  comfortable  temperature  mainlained.  Halters 
and  fastenings  should  be  so  arranged  that  the  animals  can  not  lick 
the  scarified  surfaces.  Careful  veterinary  control  before  vaccination 
and  during  the  period  of  treatment  must  be  obsen^ed  in  order  to 
eliminate  animals  with  systemic  disease  or  other  complications. 

The  calves  may  be  vaccinated  with  material  taken  from 
previously  vaccinated  animals.    Aprain.  they  may  be  inoculated  with 


^Calmctte  and  Ouerin,  Ann.  de  Tinrt.  Pastour,  1902, 
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"geod  vinia"  obtaini^^  f^jfr^  fhfi  v^jtiplng  ni  Hnman  vao^inia  This 
method  of  using  humanized  vims  for  the  inoculation  of  calves  for 
vaccine  production  Ia  preferred  by  many  workers  and  is  spoken  of 
as  **rclro%'accination-*' 

Park**  believes  that  the  most  efficient  and  relialjle  seed  virus  con- 
sista  of  what  he  calLn  hunwn-calf-rabbit  seed  vims.  Crusts  from 
healthy  children,  nineteen  days  after  vaccination,  are  coliectA-^d 
These  are  cut  up  and  emulsified  with  boiled  water.  With  tliis  an 
area  of  about  six  inches  square  is  inoculated  on  a  calf,  the  remainder 
of  which  is  vaccinated  the  ordinary  way.  The  virus  from  tlus 
space  is  separately  collected  and,  after  being  glycerinated,  is  used 
in  dilution  of  1  to  121^  parts  of  salt  solution  to  vaccinate  rabbits 
on  the  shaven  skin  of  the  back.  The  pulp  from  this  rabbit  vaccina- 
tion is  then  used  for  calf  vaccination. 

Actual  vaccination  of  the  animals  is  done  as  follows:  Calves 
which  have  been  kept  under  observation  for  at  least  a  week  are 
thoroughly  washed  and  c]cancd"^nd  the  abdomen  is  ciippccj  and 
'nfinv^'A  nvov  my  area  extending  from  the  ensiform  cartilafre  to  the 
pubic  rep^on,  including  the  entire  width  of  the  belly  and  the  inngr 
£olda  of  the  thighs.  It  ta  best  to  shave  the  animal  a  day  or  two 
before  vaccination  so  as  to  avoid  fresh  scratches  and  pypm-j^^iinng 
j'tfti  ^"'f'T^  wfufd  nprrntiou  the  animal  is  strapped  to  a  specially 
e9ii8trucit'il  opriatinK  table  in  such  a  way  as  to  allow  free  access 
to  the  shaved  area.  This  area  is  now  thoroughly  washed  with  soap 
jpt]  watt>r  fnllawed  by  alcolioJ,  or.  ill  some  institut.s.  by  a  weak 
solution  of  lyso I .  Ij  the  latter  is  usi'ti,  ihe  H.-l^l  ^ft'  .m.-t-ntiMn  nmyt 
again  be  thoroughly  rinsed  with  sterile  water.  About  a  hundred 
small  scarifications  are  made  in  this  area,  preferably  by  crossed 
scratches,  covering  i'or  each  scanfication  an  area  of  about  ^3-4  square 
centimeters.  Into  these  areas  the  virus  is  rubbed,  using  for  each 
small  area  a  quantity  about  suflicicnt   to  va(;cinate  three  children. 


Two  to  three  centimeter  spaces  arc  left  between  tlu-  lesions 
.lesions  are  th< T   "^^I^wp^I   ta  Ayy  nnd   niny  be  covcrod  witTT 


The 


gauze  or,  as  in  V'icnna,  with  a  paste  made  up  of  bi 
^tTc  oxid,  water,  and  glycerin.    In  some  institutes 


left  entirely  unygyerei^, 

Ordinarily  within  about  twenty-four  hours 
narrow  pink  areola  appears  about  the  scratcJies 


»  Park  and  WiUiafM,  Path.  Microorg.,  N.  T.,  1914,  p.  569 


GENERAL  CONSIDERATION   OF  FILTR.\BLE  VIRUS 


897 


fiours  the  scratches  themselves  become  slightly  raised  and  papular, 
and  witliln  four  or  six  days  typical  vaccina  vesicles  have  usually 
developed^ 

To  obtain  the  vaccine  from  such  lesions,  the  entire  operativfl 
field  is  carefully  washed  with  warm  water  and  soap,  followed  by 
Tterile  water.  In  some  cases  two  Dcr  cent  Ivsol  is  employed^  Eut 
must  again  be  tliorrmyhlv  rt'movi'd  by  subsequent  washing  with 
stenle  water.  Crusts,  if  present,  are  tlien  carefully  nicked  off  and 
the  entire  content-^  sf^'  ^hi-  vesiele.  sticlvv  scrum,  and  pulny  exudate 
removed  by  the  siuKJe  sweep  of  a  spoon>curette.  The  curette^ 
masses  are  caught  in  sterile  beakers  or  tubes  and  to  them  is  added 
four  times  tlieir  weight  of  a  mixture  of  glycerin  fifty  parts,  water 
forty-nine  parts,  and  cariw>lie  aeid  one  part."  German  workers 
prefer  a  mixture  of  glycerin  eighty  parts,  and  water  twenty  parts, 
omitting  the  use  of  carbolic  acid.    The  glycerinated  pulp  is  allowed 

to  stand  for  three  or  four  weeks  in  order  to  allow  bacteria,  which 

-     ■   ■     ■  —  -  ^     ■ 

are  invariably  present,  to  die  out.  After  preservntion  for  such  a 
length  of  time^  moreover,  thorough  emulsifieation  is  obtained  more 
easily  tlian  when  this  is  attempted  immediately  after  curettage.  At 
the  end  of  three  or  four  weeks,  the  glycerinated  pulp  is  thoroughly 

tHlnrnt.wl     either  with   HI^Mff^  "'^'^    P'^stle   or   hv   mOAns  of  sneeinilV 


oftn^^''"'-'^^''  triinpatinp  ileviees.  Pulp  30  prepared  sliould  remain 
active  for  at  least  three  months  if  properly  prc8er\'cd  in  sealed  tubes 
in  a  dark  and  eool  place.  "" 

From  the  serum  oozing  from  the  bases  of  the  lesions,  after  curet- 
tage, hone  or  ivory  slips  may  be  charged  for  vaceinaticin  with  dry 
virus.  The  glyeennated  pulp  is  put  up  in  small  capillary  tubes, 
sealed  at  both  ends,  and  distributed  in  this  form.  Park  states  that 
a  calf  should  yield  about  10  grama  of  pulji  (which  wh»'n  made  up 
should  suflRee  to  vaccinate  1.500  persons),  and,  in  addition  al)OUt 
200  charged  bono  slijTis^ 

The  \irus  may  be  tested  for  its  efficiency  by  a  variety  of  methods. 
Calmette  and  Guerin  inoculate  rabbits  upon  the  inner  surfaces  of 
the  ears  and  estimate  the  potency  of  the  \dru8  from  the  speed  of 
development  and  exten.siveness  of  the  resulting  lesions.  OueiTil** 
has  estimated  the  potency  of  viras  quantitatively  by  a  method 
depending  upon  the  inoculation  of  rabbits  with  a  series  of  dilutions. 


^FuddlfMon,  quoted  in  Park,  "Patbogeuic  Bacteria/'  N.  Y.    1908, 
^Oucrin,  Ann.  de  Tinst.  Paateur,   1905. 
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Heginuiug  with  a  mixture  containing  rqual  woiglits  of  glycerin  and 
v&ccinc  pulp,  dilutions  are  made  with  stenle  water  ranging  from 
1  in  10  to  1  in  100.  Rabbits  are  shaved  over  the  skin  of  the  back 
and  1  c.c.  of  each  of  these  dilutions  is  rubbed  into  the  shaved  areas. 
Fully  potent  nrus  should  cause  closely  approximated  vesicles  in  a 
dilution  of  1  in  500,  and  niunerous  isolated  vesicles  in  a  dilution 
Mhlgh  as  1  in  1.000. 

Quantitative  estimations  of  tbe  bacteria  in  the  glycerinated  virufl 
should  be  made  by  the  plating  method  and  tlie  vaccine  used  only 
when  after  several  weeks  of  preservation  the  numbers  of  the  bacteria 
have  been  ^t'^atly  diminished.  Tn  glyeerinated  pulp  the  bacteria 
will  often  disappear  entirely  in  the  course  of  a  month.  The  vaccine 
should  also  be  tested  for  the  possible  presence  of  tetanus  bacilli,  by 
the  inofulatioM  of  white  mice. 

Vn,w'i»q(^^f^i  nf  humdn  hejugs  is  performed  by  slightly  scarifying 
the  skin  of  thr  arm  or  leg  with  a  sharp  sicrile  needle  or  lancet  and 
rubbing  into  the  lesion  potent  vgeeine  virus.  The  virus  was  formerly 
dried  upon  wood,  bone,  or  ivory  slips  and  moistened  with  sterile 
water  before  the  operation.  At  the  present  day  the  glyeerinated 
pulp  is  almost  universally  emDloved. 

Since  tbe  ordinary  seanfieution  method  has  not  been  universally 
satisfactory,  other  methods  of  vaccination  have  been  suggested. 
Occasional  failure  of  the  scarification  method  may  in  part  be  due 


to  the  fact  that  the  glyeerinated,  ripened  virus  as  useij  in  moat 
couniries,  has  lost  eonsiUcrahly  in  potency.  VVe  have  seen  men  in 
tbe  American  Army  successfully  vaeeinated  witli  French  \nrus  after 
tw^o  vaet'inntions  with  Ameriean  virus  had  failed.    The  French  virus 


used  had  not  been  allowed  to  ripen  in  glycerine,  was  reasonably 
fresh  (so-called  green  virus)  and  was,  therefore,  probably  more 
l^otent.  The  fact  that  it  still  contained  staphyloeotu'i  and  other 
organisms  did  not  in  these  cases  lead  to  infections  of  any  importance. 
It  must,  however,  always  be  dani^erous,  and  the  use  of  green  virus, 
while  perhaps  more  efficient  from  the  point  of  Anew  of  vaccination, 
does  not  seem  to  us  to  be  commendable.  It  is  probably  better  to 
attempt  modification  of  the  present  method^  by  a  more  efficient  in- 
troduction of  the  virus.  The  alternative  methodsr-vvhich  have  been 
suggested  are  jiuucture  in  which  <lrops  nf  virus  are  placed  on  the 
skin  and  punctures  made  through  the  drops.  Scarification  or  small 
incisions  through  the  drops  have  also  been  recommended    Recent 
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studies  by  Wright^^  have  shown  that  the  intracutaneous  injection 
of  0.1  e.c.  of  the  ordinary  glyeerinated  vims  diluted  with  one  part 
of  8lerile  distilled  water,  resulted  in  "takes"  when  the  ordinary 
Hcarilication  methods  were  unsuccessful.  He  vaccinated  227  negro 
soldiers  in  this  way,  and  obtained  over  70  per  cent  successful  vac- 
cinations when  only  slightly  over  8  per  cent  were  obtained  on  the 
same  scries  of  cases  prenously,  by  the  incision  method. 

Sternberg.  Kiuyoun  and  others  have  demonstrated  that  witlun 
two  weeks  after  vaccination  the  blood  scrum  of  the  vaccinated 
patients  will  neutralize  vaccine  virus  if  allowed  to  stand  with  it 
in  a  test  tube  overnight. 

That  vaccination  is  of  incalculable  benefit  to  the  human  race  is 
no  longer  a  question  of  ODinion.  and  opposition  to  the  practiee  is 

■  cxplieahle  only  on  the  basis  of  iguorance.  Statistical  compilations 
xipon  this  point  are  very  numerous.  It  may  suffice  to  select  from 
the  voluminous  literature  a  single  example,  taken  from  Jiirgensen, 
H  wliicti  emitudies  the  statistics  of  death  from  small])ox  in  Sweden, 
H  during  the  periods  immediately  preceding  and  following  the  intro- 
H  duction  of  vaccination.  In  tliat  country  the  first  vaeeination  was 
H  done  in  1801.  By  1810  the  practice  was  generally  in  use  but  not 
H  enforced.  In  1816  it  was  (egally  enforced.  The  years  from  1774 
H        to  1855  can  thi;s  be  divided  into  three  periods. 

F 


1.  Prcvflfcjnal  period,  17741801  (25  yean).    Deaths  smallpox  per 
million  iDbnbitanls   2.050 

2.  Tranaitional  poruHi,  1801-1810   (9  yeare) 080 

3.  VoccinaliDn  enforced,  1810-1855  (35  years) 169 

Prevaecinal  period  death  rate  20.00  per  niillo. 
Vaccinal  period  death  rate         0.17  per  millw. 


In  ennsidering  ihr  In  n.'fit.  of  vfieeinalion  it  must  not  be  forgotten 
that  rCY^ceinntioii  is  gl^i^^-  fjn  imnortant  as  tllP  firHl  vneciiuitinn, 
xvtneh  confers  immunity  only  for  from  .seven  to  ten  years.  A  cliild 
should  therefore  be  vaccinated  soon  after  birth  or  at  least  before 
the  eighth  month  niul  tl^e  process  shoidd  be  repeated  about  every 
seven  years  thereafter. 


"  Wright,  Jour.  A.  M.  A.  71,  1018,  654. 
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M,  LyssOj  Hundswuth) 

tii  animals,  infectious  for  practically 

lent  among  carnivora,  dogs,  cats, 

«9v  «»  occur  spontaneously  among  skiinka 

.^i  ^•tes.  and  is  ri»adily  inoeulable  upon 

^  j^(^  and  certain  birds,  chicken  and  geese 

Man  is  subject  to  the  disease.    Jnfoc- 

u^'nce  of  the  saliva  of  rabid  animals 


.iijljm"'  ^^^^^  "^  HprntfliPM      The  disease 
nt  in  all  civilized   countries  except 
supervision  of  dogs,   enforcement  of 


i   Vgtsla^^oP   regarding   the    importation 

.."i~a    practical    eradication    of    the    disease. 

^  prevalence   of   the    disease    may    be    ob- 

of  animals  dying  or  killed   because  of 

tumtrirn     In  Germany,  according  to  Kolie  and 

»  tCNea  years  ending  in  1901,  there  were  9,069 

"^Ia^  tM  sN^P*  11^  horses,  175  hogs,  79  cats,  16  goats, 

v\  W^<tt^  ^^'^  rabies.     In  eastern  United  States 

^»  — fommon.     The  statistics  of  the   New   York 

^Ufc.  for  a  period  of  six  months  ending  December 

^.wnty-four  cases  of  rabies  among  dogs  in  Xew 

* 9cuiity-     Among  human  beings  the  disease  ia_ no 

[i/Mil  fount ries.  since  eaz-ly  preventive  treat- 

«yiy  ^p|-^lip(l  in  almost  all  infected  subiects. 

.^ni/,M'tion  in  susct']ttible  animals  is  best  carried  out 

.    t -solution  emulsion  of  the  brain  or  spinal  cord 

animal,  subdurolly,  through  a  trephined  opening  in 

Ml  myy  ^^^^  ^^  accomplished  by  injeclion  into  the  per- 

iho  spinal  canal,  or  the  anterior  chamber  of  the  eye, 

^  intramuscular  injections  are  also  successful,  though 

of  incubation  after  inoculation  varies  with  the  nature 

^  %ir«tt  used,  the  location  of  the  injection,  and  the  quantity 

In  *mMt^ental  infections  of  man  and  animals  the  ineuba- 

tqjioriesrand  the  disease  most  severe  when  the  wounds  are 
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about  the  head,  neck,  and  upper  extremities  and  are  deeply  lacerat€4- 
This  is  explained  by  the  fact  that  the  poisuu  is  eouviyed  to  Uie 
central  nervous  flystem  chiefly  by  the  path  of  the  nerve  trunks. 
This  has  been  experimentally  shown  by  di  Vestea  and  Zagari"  who 
inoeulatod  animals  by  injection  into  peripheral  nerves,  and  showed 
that  the  nerve  tissue  near  the  point  of  inoeulation  becomes  infeetious 
more  quickly  than  the  parts  liigher  up;  thus  the  lumbar  cord  of 
an  animal  inoculated  in  the  sciatic  nejve  is  infectious  several  daya 
before  virus  can  be  demonstrated  in  tlie  medulla. 

In  man,  infected  Muth  ** street  virus,"  that  is.  ^yitli  the  virns  of 
a  dog  or  other  animal  not  oxperimentally  inoculated,  the  hicubatiun 
period  varies  from  about  forty  to  sixty  days.  Isolated  cases  liuve 
been  reported  in  which  this  period  was  prolonged  for  several  monthfl 
beyond  this. 

The  virulence  of  rabie  virus  may  be  markedly  inereased  or 
diminished  by  a  number  of  methods.    By  repCQlpd  p"q«nff"  ^'f  <l"* 

\nr)^s  thrn"p^'    mKhitc     Pnc^nnr"  y^i^^   nh\o  to  inpi-fnsi'  ils   vinili'nt^. 

to  a  rpnr»  /^r  it^ga  /-'Mfitftpt  maximum.  Such  virus  whieh  had  been 
brought  to  the  highest  obtainable  virulence,  he  designated  as  *' virus 
^x^'  Inoculation  of  rabbits,  dogs,  guinea-pigs,  rats,  and  mice  with 
such  virus  usually  results  in  symptoms  within  six  to  eight  days. 
The  same  animals  inoeidated  with  street  virus  may  remain  ap- 
parently healthy  for  two  to  three  weeks. 

In  dogs  and  guinea-pigs  inoeulation  usually  results  first  in  a  stage 
of  increased  excitability,  rcsttcssuess.  antl  sonietinies  vieiuusness. 
^bia  ^^  fnllnwpf]  ]w  cl<  prt'saion,  torpor^  loss  of  appetite,  inability 
to  swallow,  and  finally  paralysis.  In  rabbits  the  disease  usually 
takes  the  form  of  what  is  known  as  *'dumb  rabies,"  the  animals 
gradually  growing  more  somnolent  and  weak,  with  tremors  and 
gradual  paralysis  beginning  in  the  hind  legs. 

In  experimentally  infected  birds  the  disease  is  slow  in  appearing 
and  may  show  a  course  of  gradually  increasing  weakness  and 
progressive  paral>'sis  extending  over  a  period  of  two  weeks  after 
the  appearance  of  the  first  symptoms. 

Id  man,  the  disease  begins  usually  witli  headaches  and  nervous 
Repression.  This  is  followed  by  difficulty  in  swallowing  and  spasms 
of  the  respiratory  muscles.     These  svinpimnH  nceur  inteymittentlv" 


L 


^di  Veatea  and  Zagari^  Ann.  do  I'inBt,  PMteur,  iii. 

"Pasteur's  work  on  rnbiea.     Conipt.  rend,  do  I'acad.  dra  Beieneei,  1SS1,  1882, 
1864,  1885,  1886,  and  Ann.  de  I'iust.  Pasteur,  1867  and  1888. 
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llie  free  intorvals  being  marked  by  attacks  of  terror  and  nervous 
deprt'ssiDU.  Oc'oasiQually  there  ixvv  maniacal  attacks  \i\  whieli  the 
patient  raves  and  eonipletely  loses  .self-eontrol.  Finally,  paralysis. 
sets  in,  ending  eventually  iu  deutli. 

Pathologieal  examination  of  the  tissues  of  rabid  animals  and 
human  bein^  reveals  macroseopically  nothing  but  ecchyniosea  in 
some  of  the  mueous  and  serous  membranes.  Mirrost'opii'allv.  how- 
ever, many  abnormal  flinng^**^  l^flvc  been  nbservod  and  wore  formerly 
utilized  in  histoloffleal  diagnosis  of  the  eondition.  Babes*°  has 
described  a  disappearance  of  the  ehromatie  element  in  the  nerve 
cells  of  the  spinal  cord.  This  observation  lias  been  contirmed  by 
others,**  but  is  no  longer  regarded  as  pathognomonic  of  rabies.  The 
same  observer  has  described  a  marked  leiieorytie  infiltration  which 
occurs  ul>out  the  blood-vessels  of  thi'  brain  and  about  the  gangtia 
of  the  sympathetic  system.  These  changes  arc  not  found  in  animals 
infected  with  virus  fijre  and  are  present  only  in  animals  and  human 
beiuKS  inoeulated  with  street  virus. 

In  1903  Negri"  of  Pavia  deseribod  peculiar  stnictures  which  he 
observed  in  the  cells  of  the  central  nervous  s^'stem  of  rabid  dogs. 
While  present  in  all  parts  of  the  brain,  these  **Neyri  bodies"  are 
most  regidarly  present  and  nunuTous  in  the  larger  cells  of  the 
hippocampus  major  and  in  the  Purkinje  cells  of  the  cerebeHum- 
The  presence  of  these  structures  in  rabid  animals  and  man  has 
been  confirmed  by  a  large  number  of  workers  iu  various  parts  of 
the  world,  and  the  specific  association  of  these  Iwdies  with  the 
disease  is  now  beyond  doubt.  In  eonsequenee,  the  determination 
of  "Negri  bodies''  in  the  brains  of  saispeeted  animabj  hns  In^Mtrnf 
an  extremely  important  method  of  diatmosis — more  rapid  and  ac- 
curate than  the  methods  pre\nously  known^ 

The  demonstration  of  Negri  bodies  in  tissues  is  carried  out  as 
follows:  A  small  piece  of  tissue  is  taken  from  the  cerebelhim  or 
from  the  center  of  the  hippocampus  major  (eornu  ammonis).  and 
is  fixed  for  twelve  hours  in  Zenker's  fluid.  It  is  then  washed 
thoroughly  in  water  and  dehydrated  as  usual  in  graded  alcohols, 
embedded  in  paraffin,  and  sectioned.  The  sections  are  best  stained 
by  the  method  of  Mann,  as  follows: 


".Hofce*,  Vireh,  Arch.,  110,  and  Ann.  de  Tinart.  Pnsteirr.  8,   1892. 
"  Van  Gehvchtm,  Bull,  de  I'aoad.  de  in^.  ei  bi»1.,  1000. 
"Segri,  Zeil.  f.  Hyg,,  iliii  and  xHv. 
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The  sections,  attached  to  bImIcs  in  t\\e  usual  way,  ar«  immersed  in  the 
following?  solution  for  from  twelve  to  twenty-four  hours: 

Motb>lene-bluo  (Onteblcr  OO),  1  per  cent 35  c,c. 

Eosin  (Gruebler  BA),  1  per  cent 35  c.c. 

Wfltilled  water 100  c.c 

They  are  then  dilTerentiated  in: 

Absolut?  ttlcoliot 3(1  cJi, 

Sodium  h)'drate,  1  per  cent  in  abflolute  alcohol 6  cc. 

In  this  solution  blue  in  given  oS  and  the  seclions  become  red.  After  ubout 
ftve  minutes  the  hections  are  removed  Crom  this  sohition.  are  washed  in 
absolute  ah'ohol.  and  nie  jjlnced  in  water  where  they  njrain  become  faintly 
bluish.  It  is  of  advantiige  to  immerse  tbeni,  now,  in  water  slightly  uridifled 
with  aoetic  acid.  Followini;;  this  they  are  dehydrated  with  absolute  aloohol 
and  cleared  in  xylols  as  usuaL 


In  preparations  made  in  this  way.  the  nerve  cells  are  stained  a 
pale  blue,  and  in  their  cytoplasm,  lying  either  close  to  the  nucleus 
or  near  the  root  of  the  axis-cylinder  process,  are  seen  small  oval 
bodies  stained  a  deep  pink.  The  bodies  are  variable  in  size,  measur- 
ing from  1  to  27  niiera  in  diameter.  They  are  roiuid  or  oval,  show 
a  more  deeply  stained  peripheral  zone  which  has  been  interpreted 
as  a  cell  membrane,  and,  in  their  interior,  often  show  small  vaeuole- 
like  bodies.  There  may  be  more  than  one,  often  as  many  as  three 
or  four,  in  a  single  cell. 

The  rapid  demoiistration  of  \cgri  bodies  in  smears  of  brain 
tissue  has  recently  been  advocated  by  many  observers  and  has  been 
extensively  used  for  diagnosis.  It  is  carried  out,  according  to  Van 
Gieson,"  in  the  following  way:  A  small  pin-head-sized  piece  of  brain 
tissue  from  the  regions  indicated  above,  is  placed  on  one  end  of 
a  slide  under  a  cover-glass  and  the  cover  is  gently  squeezed  with 
the  fiuger  until  the  tissue  is  flattened  out  into  a  thin  layer.  Tho 
glass  cover  is  then  gently  shifted  across  the  slide  until  the  brain 
tissue  is  smeared  along  the  entire  surface.  These  smears  may  be 
fixed  in  methyl  alcohol  and  stained  by  the  Giemsa  method,  as 
described  in  the  chapter  on  Spirochaeta  pallida. 

Stained  in  this  way,  the  Negri  Imdics  an*  stained  light  blue,  in 
contrast  to  the  darker  and  more  violet  cell-bodies. 


Van  GiettOH,  Proc.  of  N.  Y.  PathoJ.  Soc.,  N.  8.,  iv,  IMfl. 
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The  mnears  may  alao  be  stained  by  a  method  originated  by  Van 
Oieson,  which  gives  an  excellent  contrast  stain  and  reveals  more 
clearly  the  inner  stracture  of  the  Negri  bodies.  Van  Oteaon's  stain 
is  prepared  as  follows : 

Distilled  water   10  c-e. 

Bflturated  alcoholic  aolution  of  roaanilin  violet 2  drop*. 

Saturated  aqueous  solution  ot  methylene -blue  diluted  one-half 

with  water S  dn^a. 

This  method  has  been  modified  by  Williams  and  Lowden,**  who  add 
to  10  c.c.  of  distilled  wa.ter  three  drops  of  saturated  alcoholic  basic 
fnehsin  and  2  c.c.  of  Loeffler's  methylene-blue.  The  slides  are  fixed 
in  methyl  alcohol,  washed  in  water,  and  covered  with  the  freshly 
prepared  stain.  The  slide  is  held  over  the  flame  until  the  solution 
steams  and  is  then  rinsed  in  water  and  dried.  The  Negri  bodies 
assume  a  brilliant  red  and  contain  in  their  interior  darkly  stained, 
irregular  particles  which  have  been  interpreted  as  chromatin  bodies. 
As  to  the  nature  of  the  Negri  bodies  opinions  are  still  divided.  Their 
constant  presence  in  rabic  brain  tissue  is  unquestioned  and  their 
diagnostic  significance  well  established.  Cultivation  experiments, 
however,  have  been  uniformly  unsuccessful.  A  number  of  observers, 
Negri  himself,  Calkins,"  Williams  and  Lowden,"  and  others,  believe 
these  bodies  to  be  protozoa.  The  last-named  authors  base  this  opinion 
upon  the  definite  morphology  of  the  bodies,  and  their  staining 
properties,  which  in  many  respects  are  similar  to  those  of  protozoa. 
These  observers  also  claim  that  the  morphology  of  the  bodies  shows 
a  number  of  regular  cyclic  changes  which  are  found  accompanying 
different  stages  of  the  disease ;  these  changes  correspond,  according 
to  these  workers,  to  similar  cycles  occurring  among  known  protozoa 
of  the  suborders  of  the  class  Sporozoa.  Many  pathologists  still  look 
upon  them  as  specific  degenerations  of  the  nerve  cells  similar  to 
the  changes  observed  by  Babes. 

It  is  not  possible  to  decide  absolutely  from  the  facts  at  present 
at  our  disposal  whether  or  not  the  Negri  bodies  should  be  regarded 
as  parasites  or  as  specific  degeneration  products.  Their  constant 
presence  in  rabic  animals,  and  their  apparent  absence  from  normal 

"  Williams  and  Loioden,  Jour.  Inf.  Dia.,  3,  1906. 

"Calkina,  Discussion,  Proc.  N.  Y.  Pathol.  Soc.,  N.  8.,  vol.  vi,  1906. 

"*  JfUliatm  and  J^owden,  loe.  cH. 
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brains  and  the  brains  of  animals  dead  of  other  dbe^asi's,  would  t^nd 
to  favor  the  parasitic  view.  To  us  it  would  seem  that  uddvd  to 
thift  the  clear  outlines,  apparent  reguUrity  of  structure,  and  curioufitty 

consistent  grouping  uf  the  darkly  atmning  inclusions  would  add 
weight  to  such  an  assumption.  We  have  tritiu'ated  rabie  tiss\io 
and  shaken  it  up  in  anti-formin  and  seen  many  free  Negri  bodies 
apparently  enucleated  from  the  colls  in  consequence.  Such  com* 
plete  extrusion  from  the  cell  also  is  seen  in  the  ordinary  smear 
preparations.  It  is  at  least  unlikely  that  a  celUdcgtncration  area 
would  be  expelled  from  the  cytoplasm  in  so  clearly  outlined  and 
morphologically  unaltered  a  form.  Thf  fact  that  the  virus  is  flltrable, 
as  shown  by  Rcnilinger.*'  Poor  and  Steiuhnrdt,"*  and  others,  would 
on  the  other  hand  seem  to  contradict  the  etiological  importance  of 
the  Negri  bodies  unless,  with  some  of  the  observers  nnmed,  wo 
assumed  them  to  represent  a  large  stage  in  the  life-cycle  of  a 
protozoan  parasite,  which  also  occurred  in  smaller  forms.  It  is  a 
curious  fact,  also,  that  Negri  bodies  are  scarce  or  alisent  in  iho 
spinal  cord  and  cerebrum,  ihtjugli  these  areas  are  as  virulent  or 
more  so  than  the  hippocampus  and  ecrebi'Uuni.  They  are  small  and 
hard  to  find  in  virus  fixCf  largest  and  most  plentiful  in  cases  in  which 
the  incubation  period  has  been  prolonged — as  with  strecl-viruM  in- 
fection. Much  can  be  said  on  buth  sides,  but  in  analyzing  the  present 
experimental  facts,  it  seems  fair  to  say  that  neither  point  of  view 
is  certain,  though  the  jmrasitie  nature  of  the  Negri  bodies  seems 
very  likely. 

The  cttltivation  of  pnrasiloH  from  rabie  tissue8  has  of  course  l>een 
attempted  by  ujost  baeterii)loKislH  wlui  have  studied  the  disease  slnco 
Pasteur,  l^n  nil  ^itimptji.  until  very  recently,  either  no  resulta  were 
obtained  or  else  the  imrusiteH  (leMerjbe<l  cduld  be  Hhown  to  be  present 
because  of  extraneuus  eoiiluminution.  Ueecntly  Nogiiehi  announced 
that  he  has  been  alilc  to  cultivate,  the  virus  by  employing  a  technique 
similar  tt)  his  niethndn  of  rultivatitig  Treponema  pallidum  and 
polioniyelitiM  virus.  Iiilo  hi^^h  tuben  tilled  with  ascitic  fluid  a  bit  of 
fresh  sterile  rabbit  kidney  and  a  small  piece  of  rabic  virua  were 
placed.  The  ascitic  fluid  was  covered  witli  sterile  oil  and  the  ttibei 
incubated  at  37.5°  I'.  After  five  days'  incubation  cloudiness  ap- 
peared and   with  it,  minute  globoid  bodies  not  unlike  those  seen  in 


^  Semlirnjcr,  Ann,  do  I'lrmt.  Piiiii.,  xvii,  10O3. 
'^Poor  KUil  HtcinharUt,  Jour,  of  Inf.  Din.,  xii,  1913. 
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poliomyelitis.  After  several  generations  large  highly  refractile 
bodies  with  dark  central  spots  appeared  in  the  eultuies,  and  these 
Xoguclii"*  regards  as  possibly  the  parasites  and  similar  to  Negri 
bodies.  Opinions  are  slill  divided  nfi  to  the  Nignifieanee  of  Noguchi'a 
results.  However,  whatever  may  be  one's  opinion  regarding  the 
nature  of  the  peculiar  bodies  visible  in  his  cultures,  he  has  accom- 
plislied  the  tVat  of  premtrvijig  the  virulenet*  nf  the  virus  through 
twcuty-one  generations  on  artificial  media,  a  fact  winch  alone  would 
seem  to  prove  that  he  had  successfully  cultivated  it,  even  though  his 
"nucleated  bodies*'  do  not  eventually  turn  out  to  be  anything  more 
than  cell  degenerations.  The  possibility  that  he  may  have  carried 
original  virus  through  twenty-one  generations  and  that  it  haa 
remained  virulent  for  about  100  days  at  37.5°  C.  can  not  be  excluded 
as  yet,  hut  st'ems  very  remote. 

The  Specific  Therapy  of  Rabies. — The  treatment  which  is  now 
prophylactieally  applied  to  patients  infected  with  or  suspected  of 
infection  with  rabies  has  lK*en  but  little  altered  either  in  principle 
or  in  technical  detail  since  it  was  first  worked  out  by  Pastour.  In 
principle  it  consists  of  an  active  immunisation  with  virus,  attem^ptt^jd 
by  drj'ing,  administered  during  the  long  incubation  period  in  do_aes 
of  progressively  increasing  virulence. 

By  the  repeated  passage  of  street  virus  through  rabbits,  Pasteur 
obtained  ^  viriiH  of  nmyiinnm  am]  il)^p^llxi^^n^^^lY  coustant  virulence 
which  he  designated  as  virus  fixj:.  By  a  series  of  painstaking  e.x peri- 
mcnts  he  then  ascertained  that  such  virus  fire  vonUl  he  graduady 
jlll^pniiiprl  hy  /drying  nv^y  causti^  potash  at  a  temperature  or  aoont 
25"^  C,  the  dcfirrec  of  attenuation  varying  directly  with  the  time  of 
^viny.  Thus,  while  frcshr7r».< /trf  ri-gii]«rly  mused  tk-ath  in  rHt^hils 
after  sjy  tn  spvon  i\i\Vii^  the  iucuhattou  time  following  the  inocnlation 
of  dried  vims  grew  longer  anil  lf>ngcr  as  the  time  of  drying  was 
increased,  until  finally  virus  dried  for  eight  days  was  jio  longer 
regularly  infections  and  that  dried  for  twelve  to  fourteen  days  had 
gomplctcly  loNt  its  virulence. 

The  method  of  active  immunization  which  Pasteur  used  consisted 
in  injecting,  subcutauoously.  vims  of  progressively  increasing  viru- 
lence, t>eginning  with  that  derived  from  cords  dried  for  thirteen  days 
and  gradually'  advancing  to  a  strong  virus.  Thus  the  patient  wa» 
Immunized  to  a  potent  vims  several  weeks  before  the  incubation  time 


^Noffvchi,  Jonr.  Eip.  Me^,  wiii,  1013 
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of  his  own  infection  had  elai)sed.  Pasteur  suceeawfully  proved  tho 
eflScacy  of  his  method  upon  dogs  and  tiuully  uix»n  huiiinti  hriiigN,  the 
tirst  human  case  being  that  of  a  nine-year-old  chihl — rJ*i.H**ph  &hM8tA»r* 
Technique  of  Rabies  Therapy. — The  technique  developed  hy  Pas- 
teur is  still,  in  the  main,  followed  by  those  who  treat  ral)ie«  to-day. 

I.  As  a  preliiuinary,  it  is  necessary  to  prepare  or  obtain  virua  fire. 
This  may  generally  l>e  procured  from  an  establinhed  labonit4»j*y  or 
may  be  prepared  independently  hy  passing  street  viruw  through  a 
series  of  young  rabbits  (weighing  from  700  to  1 ,000  gms.).  According 
to  Hogyes,'^  the  passage  of  the  viiniH  through  tweiity-ouc  to  tkirty 
rabbits,  in  this  way.  will  reduce  its  incubation  time 

lo  seven  ur  eight  days.  Bah<d4  claims  to  obtain  u  virus 
fixe  more  rapidly  by  passing  the  virus  alternately 
through  rubhits  and  (ruint*a-pigs. 

For  purposes  of  inoeulation,  virus  in  pre]>ai^  by 
emulsi  fying  in  bl^rile  salt  solution  pieces  of  the 
medulla  or  cerebellum  of  animals  dead  of  a  previous 
inoculation.  The  brain  tissue  which  is  not  cmubiitied 
may  lie  preserved  under  sterile  glycerin  in  a  dark  and 
cool  place  for  further  use. 

II.  Rabbits  are  intwulaleil  with  vints  fire  hv  In- 
tracranial injeotiou.  A  small  incision  is  made  in  the 
shaved  scalp  in  the  median  line,  and  the  skin  U 
relraetcd.  With  a  :«mall  trephine  or  a  round  chisel,  l-io  100. — Mmm 
an  opening  is  made  in  the  sknll  and  in  the  angle 
betwet-n  the  coronary  and  aa^ttal  futures.  Through 
this  opening  about  0.2  to  0.3  c.e.  of  the  viriu  fixt  ia 
injected,  either  directly  into  the  brain  »ab«tane«  or 
simply  under  the  dura. 

As  soon  as  a  rabbit  so  inocolated  has  died  it  ia  atHrnwo#-d  Thi> 
animal  before  dissection  should  be  waaln-d  in  fi  *\\^u\ft'('Xa.ni  miliHiyfj 
— lyaol  or  carbolic  acid.  The  i>kin  \&  then  removed  aitrl  tho  auinu^l, 
l^ng  on  its  v^^ptrftl  fn"^'^^,  '»  f^^^^^A  t^  «  Alm^^^^W^^  tigyrj  The 
spinal  canal  is  then  laid  open  with  a  pair  of  cur^-yj  g^^yu^r^  m^ 
^r  gpinfll  pnrd  purofnlly  rt-mo^^A  This  \%  acf'otDplished  by  evlt\m% 
acroiK  the  cord  in  the  lumbar  region,  and  bfting  thin  with  a  foreept 
while  the  ner\'c  roots  are  divided  from  below  upwanL 

Thtf  yard  is  simpendi-d   hy  a  irtfril*-  thr^aH  within  A  large  bottl#! 


OD  or   OkTrsio 
HpiNALCOftDor 

RAftBtT  roH 

Prarons     or 


^BSgpfi,  ()iKit«J  fro*  Kraaa  t^  Lrv»4Ai, 
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into  the  bottom  of  which  pieces  of  potassium  hydrate  have  been 
placed.  The  bottle  is  then  set  away  in  a  dark  room  or  closet,  the 
temperature  of  which  is  regulated  so  as  to  vary  little  above  ^^  X>. 
I5actenoioffical  controls  as  to  the  steriiity  of  the  cord  should  also 
be  made. 

After  drying,  pieces  of  the  cord  are  prepared  for  injection.  This 
Is  done  in  various  wa,^'s.  At  the  New  York  Dt'partiuent  of  Health  1  cm. 
of  the  eord  Is  einulNified  in  3  c.f.  of  sterile  salt  solution,  the  dose  for 
injection  being  usually  2.5  c.c.  Marx*'  emulsifies  1  cm.  of  the  cord  in 
5  c.c.  of  sterile  iKuiillon  or  salt  solution,  usin^  1  to  3  c.c.  of  this  for 
injection  accordinjr  to  the  age  of  the  cord.  For  shipment  20  per  cent 
of  glycerin  and  0.5  per  cent  of  carbolic  acid  are  added. 

The  scheme  of  treatment  is  also  subject  to  variations  according 
to  tlie  individiial  customs  of  various  laljoratories.  The  following 
sohi'mi*  is  tlie  routine  of  thi-  Pasteur  Institute  in  Paris,  as  quoted 
in  Kraus  and  Levaditi,  "Handbuch  fur  Immunitiitsforschung/'  Vol. 
I,  p.  713. 


Dtty  of 

Mild  Cabb* 

DOMI 

MkMCV  C4ftM 

J>om> 

Sivui  Casm 

r- 

Dayii  ot 

Dryinc 

D«ya  of  DryiiMl 

Horn 

1 

14  +  13 

3c.c. 

14-rl.*i 

3  C.C. 

A.M    14  +  13  P.M.  12+n 

3  c.c. 

2 

12-i-ri 

3  c.c. 

12+11 

3cc. 

A.M.  10+  9rM.    8+  7 

3  c.c 

3 

10+  9 

3  c.c. 

10+  9 

3  c.c. 

A.M.          7        P.M.     6 

2cc. 

4 

8+  7 

3c.c. 

8+  7 

3  c.c 

5 

2  CO. 

6 

6+  6 

3  c.c. 

6+  0 

3  c.c. 

5 

2c.c. 

6 

5 

Ice. 

5 

2o.c 

4 

2  ex. 

7 

5 

Ice 

r, 

2  c.c. 

3 

ICJ!. 

8 

4 

Ice. 

\ 

2  c.c 

4 

2  o.e. 

1        ^ 

3 

Ic.o. 

:t 

Ic.c. 

8 

Xcji. 

V  '» 

5 

2  c.c. 

5 

2o/i. 

6 

2cc. 

a 

5 

2  c.c. 

5 

2  c.c 

5 

2c.c 

12 

A 

2  c.c. 

4 

2  c.c 

4 

2  CO. 

13 

4 

2  CO. 

4 

2  c.c 

4 

2c.c. 

U 

3 

2cc 

3 

2  c.c 

3 

2c.c. 

15 

3 

2  0.0. 

3 

2ce. 

3 

2  CO. 

16 

5 

2c.c. 

5 

2  c.c. 

17 

4 

2cc 

4 

2c.c 

18 

3 

2  CO. 

3 

2  c.c 

19 

5 

2cc 

30 

4 

2  c.c. 

21 

3 

2  c.c 

'Marx,  Deut.  mod.  M'och.,  1899,  1900. 
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I,    The  treatment  at  the  Now  York  Department  of  Health  ia  aa 

follows : 


Da^  of 

Mild  C*«s» 

Dow 

MiuitrM  CA«n 

DoM 

Skvbbs  Ca«B» 

Treatment 

I>rylni 

Drying 

Dksv  of  Dryint 

DtM 

1 

14 -1-13 

4  ex. 

10 

4e.c. 

r 

A.M.  10+9PJI     10+a 

4  ex 

2 

12  +  11 

4  CO. 

9 

4  ex. 

A.M.    8+7F.M.    8+7 

4  CO. 

3 

10+9 

4e.c. 

9 

4c.c. 

6 

4e,e. 

4 

8+7 

4e.e. 

8+7 

4e.c. 

4 

4  e.e. 

5 

6 

2c.c. 

6 

2c.c. 

3 

2e.e. 

6 

5 

2c.c. 

3 

2e.c. 

4 

2c.c 

7 

4 

2c.c. 

4 

2c.c. 

3 

2qx 

8 

3 

2c.c. 

3 

2pf, 

2 

2e,e. 

0 

5 

2c.c. 

2 

2c.c. 

4 

2  e.e. 

10 

4 

2cc 

5 

2  e.e. 

1 

2  ex. 

11 

3 

2c.c. 

4 

2c.c. 

4 

2e.e. 

12 

5 

2e.c. 

3 

2e,c. 

3 

2  ox. 

13 

4 

ace. 

2 

2  re. 

2 

2  e.e. 

14 

3 

2c.c. 

4 

2  ox. 

4 

2  CO. 

15 

5 

2o.c. 

3 

2c.c. 

1 

2co 

16 

4 

2cc 

2 

2  CO. 

4 

2  CO. 

17 

4 

2c.c. 

3 

3c.c. 

18 

3 

2rr. 

2 

2e.c 

19 

2 

2  CO. 

4 

2  0.0. 

20 

3 

2  ox. 

21 

2 

2c.e. 

22 

4 

2ce. 

23 

3 

2c.c 

24 

2 

2  ox. 

25 

4 

2cc. 

26 

3 

2  ex. 

Tho_flfiyprity  or  mildness  of  eaaea  is  CBtimated  from  the  depth 
and  degree  of  laceration  of  tho  ynmids  flkn  fvnn\  \]\^\r  Iftcfrtifn^ — 
bites  about  the  face  and  upper  extremities  being  the  roost  dangeroug. 

During  the  courae  of  such  treatment  patients  may  show  trouble- 
some  erythema  about  the  point  of  injection  and  oecasionally  back- 
ache and  miiacular  pains.  Treatment  need  not  l)c  omitted  unless  these 
symptoms  become  excessive.  m 

The  efficiency  of  the  Pasteur  treatment  in  rabies  is  no  longer 
problematical.      According   to    Ho^es.    50,000    people    liave    been 


I 


treated  within  ten  years,  with  an  average  mortality  of  1  per  cent. 

Although  the  method  described  above  is  the  one  which  is  exten- 
sively used  in  all  established  institutes  for  the  treatment  of  rabies. 
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other  methods  have  been  elaborated  and  used  to  a  slight  extent. 
One  of  the  most  important  of  these  is  the  "dilution  method"  of 
Hogycs.  This  method  is  carried  out  as  follows :  A  definite  quantity 
of  the  spinal  cord  of  a  rabbit  dead  of  virus  fixe  is  emulsified  in  100 
c.c.  of  normal  salt  solution.  Dilutions  of  this  emulsion  are  made 
and  the  patient  is  injected  at  first  with  a  dilution  of  1 :1,000,  subse- 
quent injections  being  made  of  gradually  increasing  concentration 
until  a  concentration  of  1 :100  is  reached.  This  method,  so  far  as  it 
has  been  used,  has  been  satisfactory,  but  it  has  not  yet  found  exten- 
sive application. 

Harris  and  Shackell'^  describe  an  improved  method  of  desic- 
cating rabic  virus  which  consists  in  placing  the  material  to  be  dried 
in  the  bottom  of  a  vacuum  desiccating  jar  in  the  upper  part  of 
which  is  a  separate  dish  containing  sulphuric  acid.  The  temperature 
is  reduced  by  placing  the  jar  in  a  salt  and  ice  mixture,  and  after 
thorough  solidification  of  the  material  has  resulted,  a  rapid  vacuum 
is  produced  by  a  Ger>k  pump  to  less  than  2  mm,  of  mercury.  The 
virus  so  dried  will  retain  its  virulence  for  as  long  as  four  months, 
if  guarded  against  moisture.  It  will  be  noted  that  this  method 
cannot  be  taken  as  justifying  any  particular  conclusions  as  to  the 
nature  of  the  rabic  vims  since  the  same  method  has  been  applied 
by  Swift  and  others  to  the  maintenance  of  the  virulence  of  bacteria. 

Harris**  believes  that  the  attenuation  of  a  rabic  cord  in  the 
Pasteur  method  does  not  depend  primarily  upon  the  loss  of  water, 
but  rather  upon  the  method  of  extracting  the  water.  Slow  desic- 
cation attenuates  the  virus,  Harris  concludes,  by  reason  of  the  con- 
centration of  salt  and  other  substances  in  solution  of  the  brain  and 
cord,  the  action  being  thus  essentially  a  chemical  one.  Harris  has 
studied  the  minimal  lethal  dose  of  his  rapidly  dried  material  on 
animals,  and  has  developed  with  this  material  a  modified  method 
of  immunizing  animals  and  human  beings  against  rabies. 

He  prepares  suspensions  (from  the  material  rapidly  dried  at 
zero  degrees  as  above)  by  emulsifying  10  milligrams  in  10  c.c.  salt 
solution.  This  gives  a  dilution  of  1  milligram  to  each  cubic  centi- 
meter of  emulsion,  and  from  this  basic  suspension  dilutions  are 
made. 


■  Harris  and  Shackell,  Jour,  of  Infcc.  Dls.j  8,  1911,  4* 
"florrii,  Joup.  of  Infee.  Dit^  18,  piS,  JWys,  
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He  tests  vinileuce  by  injecting  0.1  c.e.  of  the  dilution  into 
the  brain  of  a  rabbit,  by  trephining  and  passing  a  very  fint  liypo- 
dernue  needle  through  the  brain  to  the  base  or  into  the  lateral 
ventricle,  so  that  none  of  the  matenal  may  escape  when  the  needle 
is  withdrawn.  He  lincbt  that,  by  this  method,  his  material  after 
preservation  of  three  weeks,  is  equivalent  to  that  of  fresh  cord. 
After  fifty  days  it  is  25  per  cent  more  infective  than  the  same  quan- 
tity of  the  "one  day**  cord  of  the  old  metliod.  After  2fK)  days  its 
infeetivity  is  exactly  equal  to  tluit  of  tlie  "two  day"  cord  of  the 
old  method.  After  5CM3  days  it  \^  two  and  one-half  times  as  infective 
as  the  "tbree  day"  cord.  The  only  precaution  that  is  absolutely 
essential  is  that  in  preparing  and  preserving  tlie  diluted  material, 
the  presence  of  moisture  must  Iw  absolutely  prevented. 

Having  prepaied  this  material,  Harris  thought  it  worth  while  to 
follow  the  suggestion  of  Hogj'es  who  has  developed  a  metliod  of 
immuruzatiou  dependent  upon  tlie  dilutions  of  virulent  virus,  in- 
stead of  using  the  Pasteur  method  of  quantitative  destruction  by 
drying.  Hogyes  had  treated  10,000  patients  by  his  method  without 
accident,  giNnng  from  70  to  220  M.  I.  D.,  or  minimal  uifective  doses 
for  rabbits,  the  fii*st  day  and  from  200  to  400  M.  I.  D.  on  the  second, 
the  M.  I.  D.  being,  as  in  Harris's  experiments,  determined  by  injec- 
tions into  the  brains  of  rabbits.  Harris  has  constructed  charts  from 
careful  experiments  in  which  he  tabulates  the  proportion  of  infec- 
tious to  non-infectious  material  in  a  milligi*am  of  desiccated  brain 
nft<*r  preservation  for  various  periods.  Unlike  Harvey  and  M<r- 
Kenderiek  (quoted  from  Harris)  who  believe  that  when  rabic  virus 
has  lost  its  infectiousness,  it  no  longer  has  the  power  of  conferring 
immunity,  Harris  believes  that  when  all  tlie  infeetivity  of  rabic 
material  has  been  destroyed  rapidly  by  light  and  various  tempera- 
tures, it  still  has  considerable  powers  of  conferring  imminiity.  It  is, 
of  eoui*8e,  impossible  to  detenuine  the  degree  of  immunity  conferred 
by  the  non-infective  portions  of  desiccated  material. 

Harris  begins  his  treatment  with  material  in  which  the  proportion 
of  living  to  non-infective  material  is  estimated  as  being  about  1  to 
25,  that  is,  material  at  least  six  montlia  old.  As  the  treatment 
continues,  he  gradually  increases  until  he  uses  material  which  con- 
tains 100  M.  1.  I),  per  milligram.  In  two  years  of  such  treatment, 
he  had  no  accidents  either  in  patients,  dogs  or  rabbits. 

Attempts  to  treat  active  rabies  with  the  sera  of  immunized 
animals  have  so  far  been  unsuceessfid. 


CHAPTER  XLVl 

ACUTE  ANTERIOR  POLIOMYELITIS 
LETHARGIC  ENCEPHALITIS 

The  disease  known  as  acute  anterior  poliomyrlitis  has  long  been 
recogrnized  as  an  acute  infectious  condition,  both  because  of  the  char- 
acteristics of  its  clinical  manifestations  and  of  its  epidemic  occur- 
rence. For  these  reasons  it  was  classified  with  acute  infectious  dis- 
eases by  Marie  and  by  Slrumpell  long  before  any  experimental 
evidence  of  infection  was  obtained. 

Its  contagiousness,  while  not  a  proven  fact,  seemed  very  likely 
from  the  evidence  of  its  mode  of  spreading  and  has  been  removed 
from  the  sphere  of  mere  conjecture  by  the  careful  study  of  a  Swedish 
epidemic,  comprising;  one  thousand  cases,  made  by  Wickman.' 

While  acute  anterior  poliomyelitis  is  almost  exclusively  a  disease 
of  childhood,  it  is  assumed  by  clinicians  that  it  is  etiologically 
closely  related  to,  possibly  identical  with,  ceitain  diseases  of  the 
adult,  eharaeterized  by  bulbar  paralysis  and  acute  encephalitis.  Into 
this  category,  also,  some  observers  place  the  condition  known  as 
"Landry's  paralysis."  The  basis  for  the  idcntifiealiou  of  these  con- 
ditions with  poliomyelitis  lies  chiefly  in  the  similarity  of  the  pathol- 
ogical lesions  and  upon  the  fact  that  the  last-named  diseases  occur 
most  often  during  the  course  of  poliomyelitis  epidemics.  The  Avnter 
some  ycai-s  ago  obtained  a  typical  poliomyelitis  infection  in  a  monkey 
with  mBlerial  from  a  definite  ease  of  Landry's  paralysis  in  a  young 
woman. 

The  most  thorough  recent  clinical  study  of  acute  poliomyelitis  of 
which  we  know  is  the  one  by  Peabody,  Draper  and  Dochez.-  The 
incubation  period  of  the  disease  varies,  but  appears  to  be  about  10 
jlgy!^-  Prodromal  symptoms,  if  they  appear  at  all,  come  on  just 
beforejoeonset  of  the  disease.    They  may  be  very  mild,  consisting 


'     '  Wickman.  quoted   from  Landsteiner  and   Popper,  Zoit.  f,   Immunit^tsforch^ 
U,  1900. 

*Peabodjf,  Draper  and  Voehet,  MoDOg.  Rock  last.,  4,  Jan.,  1912. 
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of  Blight  fever,  s\i'eating,  drowsiness,  pain  in  the  neck  and  head,  and 
'.veakness.  Intestinal  symptoms  are  not  luic-omnion.  Again  cases 
aaay  begin  without  prodromal  symptoms  with  sudden  illness,  chill 
and  fever.  This  may  be  all  that  occurs  in  the  so-called  abortive  cases 
which  in  Wiekman's  studies  represent  from  25  to  56  per  cent  of  all 
leases. 

During  the  early  periods  of  the  disease  the  cases  may  show  vari- 
ous types  of  development.  They  may  simply  show  ^de^n^l  nf  p^pnrrftl 
infection,  they  may  resemhh'  influcnxa,  the  gaHtro-iatestiual  ^.vmp- 
toms  may  be  predominant,  and  others  may  show  signs  u£  meiiingeai^ 
irritation!  The  ni'fk  may  be  stiff,  but  not  with  the  involuntary  stiff- 
ness of  meningitis,  showing  rather  a  reflex  resistanet'  when  thi-  at- 
tempt is  made  to  move  the  head  forward.  Peabody,  Draper  and 
Doohez  state  that  tJie  best  appreciation  of  the  clinical  condition  in 
acute  poliomyelitis  may  be  had  by  considering  the  cases  as  (1)  the 
abortive  cases  which  never  become  paralysed,^  the  cerebral  gi'oup 
which  is  rare  and  in  Avhieh  involvement  of  the  upper  motor  nourous 
mth  spastic  paralysis  is  the  chief  eharaeteristic,  and  (2)  the  bulbo- 
spinal group,  which  is  the  largest  group,  ai^d  m  \v\vo\]  maUiv  twuyon 
iTiYn|vpmnnt  mul  flapoid  pfir^lvsLs  OCCUr. 

In  the  pre-paralvtic  stages  the  hMU'ocytes  arn  apt  to  be  slightly 
increased  in  number  and  there  is  a  definite  inoreasc  of  the  poTy- 
nuclears  by  10  or  15  ner  cent.  A  leueocytosis  of  15,000  to  30,000 
IS  stated  by  the  writers  mentioned  above  as  distinctly  suggestive  of 
the  disease,  especially  if  tlie  polynucloars  are  increased  at  the  ex- 
pense of  the  lymphocytes.  The  studv  of  the  spinal  fl^id  is  of  great 
value.  During  the  first  days  of  the  disease,  before  the  paralysis 
appears,  there  is  \\n  jn^-iw^Hui.  ^^f  tt|e  eollular  contents  with  a  total 
which  may  ruji  as  high  as  500  cells  per  cubic  millimeter,  but  usually 
they  run  about  50  per  cubic  millimeter.  The  ^vriters  above  quoted 
saw  two  cases  in  which  there  were  990  and  650  cells,  respectively. 
During  the  second  week,  of  45  cases  seen  by  them,  8  had  over  50,  and 
23  wore  above  normal,  jn  the  later  stages  of  the  disease  the  cell 
counts  come  back  to  noi-mal.  During  this  early  staye.  most  of  tlie 
eel  Is  consist  of  lymphocytes,  rarely  showing  prpdnmi»ant  pnly- 
nucleacs^  The  globulin  contents  during  the  early  stages  are  prac- 
tically normal,  or  slightly  increased.  This,  however,  incrrases  later, 
as  the  cell  counts  drop.    The  fluid  reduces  Fehling's  solution. 


I 


■For  literature,  spe  Landntoiuer  ant!  Popper,  loc.  dt.  and  Wipkraan,  Die  Heine- 
MedioBche  Kraukbeit,  Berlin,  1911. 
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ETIOLOGY 

An  important  advance  in  the  study  of  this  disease  was  made  in 
1908  when  Landstoincr  and  Popper  succeeded  in  transmitting  it  to 
two  monkeys  (Cyiiocephalus  hamadrias  and  Macacus  rhesus).  The 
transmission  was  accomplished  by  intraperitoneal  injections  of  a  saline 
emulsion  of  the  spinal  cord  of  a  child  that  had  died  during  the  fourth 
day  of  an  attack  of  infantile  paralysis — durinp  the  stage  of  acute 
fever.  The  first  monkey  injected  became  severely  ill  six  days  after  the 
injection  and  died  on  the  eighth  day.  The  second  animal  became 
paralyzed  seventeen  days  after  the  injection  and  was  killed  two  days 
later.  Cultural  experiments  with  the  substance  injected  were  nega- 
tive, as  were  also  inoculation  experiments  carried  out  upon  guinea- 
pigs,  rabbits,  and  mice.  The  histological  lesions  produced  in  the  in- 
oculated monkeys  were  similar  to  those  occurring  in  children  afflicted 
with  the  disease. 

An  attempt  to  transmit  the  disease  to  another  monkey  with  spinal- 
cord  substance  of  the  animal  that  was  killed  resulted  negatively. 

Soon  after  the  successful  experiments  of  Landsteiner  and  Popper,  a 
similar  result  was  recorded  by  Knoepfelmacher.*  An  attempt  to  trans- 
mit the  disease  from  monkey  to  monkey  was  again  negative. 

Similar  pasitive  inoculation  results  were  published,  a  little  later 
than  this,  by  Flexner  and  Lewis*  in  November,  1909,  and  by  Strausa 
and  Huntoon  *  in  January,  1910. 

Flexner  and  Lewis,  in  their  work,  moreover,  succeeded  in  trans- 
mitting the  disease  through  several  inoculation-generations  of 
monkeys.  The  same  workers'  have  ascertained  that  inoculation  may 
be  successfully  applied  not  only  by  the  intraperitoneal  route  but  intra- 
cerebrally,  suhcutaneously,  intravenously,  and  by  the  path  of  the  larger 
nerves.  They  also  proved  that  not  only  the  brain  and  cord  of  afflicted 
animals  contains  the  virus,  but  that  this  may  be  found,  during  the 
early  days  of  the  disease  at  least,  in  the  spinal  fluid,  the  blood,  the 
nasopharyngeal  mucosa,  and  lymph  nodes  near  the  site  of  inoculation. 

Landsteiner  and   Levaditi,'   meanwhile,  experimenting  with   the 

*  Knoepfelmacher,  Modiz.  Klioik,  t.  1909. 

*  Fteiner  and  Leiui*,  Jour.  Am.  Med.  Asm^  53,  1909. 

•Strotwa  aud  Huntoon,  N.  Y.  Med.  Jour.,  Jan.,  1910.  ^ 

^  FUxnrr  and  Lcwxm,  Jour.  Eip.  Metl.,  12,  1909. 

^  LandMteiner  and  Levaditi,  ComptM  rend,  de  U  soe.  de  bid.,  Not.,  1909»  and 
yShc„  1909. 
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virus  independently,  succeeded  in  transferring  the  disease  from  one 
animal  to  others,  denionijlratcd  tiiat  the  vints  could  pass  through  the 
pores  of  a  Berkcfeld  filter,  and  alioweit  that  tht-  vims  was  jiivsi'iil  iu 
the  salivary  glands — a  fact  whicli  may  i>ruve  of  gycal  iimxTtauct^'  m 
possibly  establishing  a  vIkiw  to  ilip  unuh^  nf  fnntnginn  14111.11^7  t'lnnat' 
beings.  The  same  aullu»i*s,  as  well  as  Flexjier  and  Lewis,  were  able  to 
show  that  the  virus  was  presei-vable  under  glycerin  for  as  long  as  teu 
days  and  retained  its  virulence  for  from  seven  to  eleven  days  when 
dried.  AVjiflf  hAs  been  snid  coneerninp;  infantile  paralvsLs  mav  aLso  be 
taken  to  apply  to  Landry ^s  paralysis.  Froiri  a  typical  easo  »f  FiMndrv'fl 
paralysis  in  an  adult  the  writer  suceeedcd  in  obtaining  typioal  poli- 
omyelitis in  monkeys  at  Stanford   rnivtTsitv  jn   1^^^      The  irlinlcal 


diagnosis  in  this  case  whs  made  bv  ^Vilbu^.  The  disease  in  the  mon- 
keys was  typical  of  poliomyelitis  and  the  histological  sections  showed 
the  typical  lesions. 

According  to  Flcxner  and  Lewis  the  vims  remains  active,  when 
frozen*  for  as  long  as  forty  days,  but  Is  extremely  seiisilive  to  heat, 
being  destroyed  by  a  temperature  of  from  45°  to  50**  C.  maintained  for 
thirty  minutes. 

Experiments  aimed  at  the  isolation  or  even  morphological  detection 
of  a  parasite  in  the  virulent  material  have  been  entirely  without  suc- 
cess until  recently.  Bacteria  which  iu  the  past  have  been  isolated  from 
nerve  substance  and  spinal  fluid  in  eases  of  ijoliomyclitis  can  of  course 
be  excluded  from  etiological  significance  by  the  rei^ent  determination  of 
the  filtrability  of  the  virus  as  detcrnained  by  Flexner  and  Lewis,  and 
Landsteiner  and  Levaditi.  Small  coecoid  forms  in  smt^rs  frxmx  the 
nerve  tissue  recently  described  by  Proescher*  are  of  very  uncertain 
significance.  The  streptococci  recently  described  by  Rosenow  are, 
most  probably,  secondary  invaders.  The  most  important  contribution 
which  has  been  made  in  the  solution  of  this  problem  is  that  of  Flcxner 
and  Noguehi.*^  These  investigators  placed  small  bits  and  emulsions  of 
the  brain  of  moukcj's,  dead  of  poliomyelitis,  in  hi^h  tubes  containing 
human  ascitic  flnid  together  with  a  piece  of  fresh  sterile  rabbit  kidney. 
In  all  essentials  the  method  was  that  followed  by  Nogucbi  in  bis  culti* 
vat  ion  of  Treponema  pallidum.  It  was  necessary  to  use  fresh  unheated 
ascitic  fluid.     Heat  sterilization  rendered  it  unsuitable. 

By  this  method,  after  five  days  opalescence  appeared  about  the 


'Prorscher,  N.  Y.  Med.  Jour.,  1913. 

^  FleTHer  aiul  Xoguchi,  Jonr.  of  Exp,  Med.,  xviii,   PJIS. 
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pieces  of  tissue.  This  increased  until  the  tenth  day,  when  sedimenta- 
tion began.  Microscopical  examination  by  Giemsa's  method  of  stain- 
ing revealed  small  globoid  bodies  measuring  from  0.15  to  0.3  micron  in 
diameter,  arranged  in  pairs,  short  chains,  and  masses.  Similar  bodies 
could  later  be  found  in  poliomyelitis  tissues.  Cultures  were  obtained 
from  glycerinated  as  well  as  from  fresh  virus  and  from  the  filtered  aa 
well  as  the  uniiltcred  material.  Typical  lesions  and  death  have  been 
produced  in  monke>*s  with  such  cultures  in  a  few  eases. 

We  have  few  data  which  throw  light  upon  possible  immunity  to  the 
disease.  Repeated  attacks  of  the  disease  in  the  Siime  human  being 
have  not  been  noted ;  but  this,  as  Flexner  and  Lewis  point  out,  may 
be  due  to  the  fact  that  the  epidemics  are  rare,  and  individuals  once 
afflicted  have  passed  beyond  the  susceptible  age  by  the  time  of  the  sec- 
ond epidemic.  As  a  matter  of  fad,  however,  these  workei's  have  not 
succeeded  in  reinfecting  monkeys  that  had  recovered. 

In  chickens  a  disease  has  been  observed  similar  in  many  ways  tc 
poliomyelitis,  but  further  study  has  shown  this  to  be  a  polyneuritis. 
"  Of  other  animals  l>osides  monkeys,  rabbits  only  have  been  success- 
fully inoculated  with  this  disease.  Transniis.sion  to  these  animals  was 
first  i*eported  l»y  Kraus  and  Meinieke  **  and  later  by  Lentz  and  Ilunte- 
miiller.  *-  Marks  "  has  studied  the  disease  in  rabbits  thoronghly,  and 
concludes  that  there  is  no  doubt  that  the  virus  can  be  cultivated 
through  a  limited  number  of  ^generations  in  rabbits.  He  was  able  to 
transmit  to  monkeys  from  rabbit  material.  The  disease,  however,  doe« 
not  resemble  that  of  man  or  monkeys  clinieally  and  no  d(»finite  lesions 
of  the  central  nervous  3y.stem  are  present.  The  rabbits  seem  perfectly 
well  for  six  or  seven  days,  when  rapid  weakness  and  death  in  con- 
vulsions occur. 

Animals  which  have  been  unmieccssfully  injected,  even  with  living 
virus,  do  not  develop  immunity.  However,  animals  that  have  l)een 
.successfully  inoculated  and  recovere<l  are,  like  human  Iwintrs.  thereafter 
immune.  Lcvaditi  and  Landsteiner,  Roemer  and  Joseph,  and  P'lexner 
and  Lewis  have  shown  that  the  serum  of  recovered  monkeys  will  pro- 
tect normal  animals  from  fatal  doses  of  the  vims.  That  the  same  pro- 
tective power  for  monkeys  has  been  shown  in  the  serum  of  human 
recovered  cases,  is  shown  by  the  same  authors  and  by  Anderson  and 
Prost  and  consequently  the  intraspinous  injection  of  the  senim  of 

"  KruiM  and  Meinieke,  Dcut.  dhhI.  Woch.,  xxxv,  lIMtfl. 
^  Lentz  und  UuuUmuner,  Zeitichr.  f.  Hyg.,  \xt\,  1910. 
"Jfarit*,  Jour,  of  E»p.  Med.,  xir,  1911. 
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recently  recovered  children  into  patients  in  early  stages  of  the  dis- 
ease has  recently  been  advocated  and  is  though  well  of  by  a  number 
of  observers.  This  work;  however,  has  not  reached  completion  and 
final  judgment  must  be  withheld. 

Plexner  and  Amoss  have  paid  particular  attontion  to  the  problem 
cf  passive  immunization  and  found  Ihat  in  protecting  monkeys  if  the 
quantity  of  virus  injected  into  the  brain  is  not  t<H)  great  paralysis  can 
be  prevented  in  some  cases  and  delayed  in  otlicrs,  by  injecting  the 
serum  of  recovered  monkeys  into  the  subarachnoid  space  by  lumbar 
puncture.  Immunizing  sera  eaiuiot  be  produced  by  treatment  of  in- 
«uscepti})le  animals  with  %'irus,  but  Flexner  and  his  associates  have 
occasionally  suceeedcd  in  immunizing  actively  by  injecting,  sub- 
eutaneously,  graded  doaes  of  crude  vims.  This  method,  however,  is 
[jiot  very  useful,  nor  is  it  very  safe  since  some  of  the  animals 
fto  treated  do  not  develop  a  strong  immunity  and  others  may 
become  paralyzed.  It  appears,  therefore,  that  the  neutralizing 
pnneiple,  whatever  it  may  be,  is  present  only  in  animals  and  man  that 
have  recoveretl  from  actual  infection,  and  the  only  nietliod  of  passive 
immunization  or  serum  treatment,  therefore,  available  at  the  present 
time  is  that  in  which  tlie  blood  serum  of  individuals  who  have  re- 
covered from  an  attack  is  used. 

EpidemiologicaT  Facts.— To  summarize  the  important  epidemio- 
logical facts  in  poliomyelitis  we  may  say  that  the  work  of  Flexner 
and  his  group,  as  well  as  that  of  Eurof)ean  workers,  has  shown  that 
the  poliomyelitis  virus  is  present  in  the  nuu'ous  membranes  of  the 
nose  and  tliroat.  in  the  excretions  from  t^eae  menihr^nes  and  in  the 
intestinal  contents.  It  may  also  be  present  in  thti  tmisilA.  It  Icavqs 
thf*  ir^fi'j-tofl  hl->^^Y  with  the  discharyefi  fro"^  ♦^^  ^^"*"^  ^"^  thrnflt  i.nH  the 
intestines,  and  when  swallowefj  frum  the  throat  can  T>a.ss  into  the 
intestines,  resisting  the  action  of  the  yastric  and  intestinnl  sreyc^jcms. 
Flexner.  Clarke  and  Doehez**  have  injected  monkeys  with  filtrates 
from  wa.shings  of  the  intestines  after  feeding  monkeys  with  spina! 
cord  material  from  infected  monkeys  and  taking  the  intestinal  fluid 
two  hours  after  feeding.  Outside  the  human  body  the  vims  probably 
can  survive  for  some  time,  though  the  exact  period  is  not  known, 
^eustaedter  and  Thro"  claim  to  have  been  successful  in  infecting 
monkeys  with  dust  taken  from  a  sick  room. 

^*Flexver,  Clarka  and  Doch^z,  Journ.  A.  M.  A.,  vol  59.   Ifll2. 
^Neu9iaedter  and  Thro.  Jf.  y.  Med.  Journal,  94,  1911,  p.  613,  SIS 
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There  is  a  great  deal  of  evidence  to  show  that  polioniyclifis  car- 
riers exist  Experiniental  evidence  of  this  carrier  state  has  been  ad- 
vanced by  Osgood  and  Lucas  *•  who  found  the  virus  in  monkeys  five 
montlis  after  convalescence,  yv  nnrwlviH;  hay^  seen  eases  in  whic)i 
it  could  be  definitely  proven  that  they  had  not  been  in  oontfl'*^  ^'^^b 
a  preceding  case,  two  of  Iheni  in  country  districts  where  the  scantily 
populated  surrounding  area  eould  be  searclied  without  danger  _Qf 
overlooking  a  case.  It  is  also  Hkcly  that  at  times  of  epidemic  a 
great  many  very  mild  attacks  of  poliomyelitis  may  occur,  which  arc 
mistaken  for  mild  infinenza  or  severe  colds,  and  in  connection  with 
the  occurrence  of  a  recent  case  seen  by  us  there  were  a  lunnber 
of  indefinitely  diagnosed  eases  of  intestinal  disturbance,  with  fever, 
in  the  neigliborhood.  ^t  is  not  impossible  that  such  cases  may  be 
true  poliomyelitis  of  a  mild  type  without  paralvsis  }}\\\  var»bK>  ni' 
p»S^ing  fin  ^h«  virys.  Peabody,  Doehez  and  Draper*'  have  cited 
similar  cases. 

^hc  vims  probably  gets  into  the  new  patient  by  direct  and  ia- 
j^^;:2?t.  fil^nt"^'.  ""'^  ^ft"  bi'  fiirrieil  from  place  tp  place,  perhaps  on  the 
feet  of  flies,  a  fact  which  would  be  indicated  by  somp  p^^p^^riments 
done  by  Flexner. 

In  1911  epidemiologists  of  the  State  Public  Health  Service  of 
Massachust'tt.s  (established  a  |)arallelism  between  the  distribution  of 
poliomyelitis  cases  and  the  riccuiTence  of  the  biting  stable  fly,  Stomoxys. 
Subsequently,  M.  J.  Boscuhu  publishud  experiments  in  which  he 
obtained  poliomyelitis  infection  hy  allowing  infected  Stomxys  flies  to 
bite  monkeys.  These  oljservations  were  confirmed  by  Anderson  and 
Frost,^"  but  all  subsequent  attempts  to  repeat  the  experiments  have 
failed.  The  ordinary  manner  of  infecting  of  the  human  being  ii 
probably,  then,  through  the  nasopharynx.  A  great  many  cases  begin 
with  intestinal  disturbances  which  may  last  a  few  days  before  the 
patient  is  ill  enough  to  go  to  bed.  It  is  more  than  likely,  therefore, 
that  the  virus  may  also  enter  the  body  by  ingestion  and  that  infection 
of  food  may  play  a  role. 

The  disease  is  usually  present  to  some  extent  in  crowded  centers 
of  the  world,  in  the  spring  and  summer  months 
prpvnlt  nt'p  i>;  Mhv  tn  Nnvembt* 


_^___^__  The  season  ot  gfeafest 

Mmi  cases  ai*e  in  children  below  Sve, 


^i^f   ftfliil|  ^»apf*fl  da  rwrnir 


>*  Osgood  and  Lucas,  Jonmal  A.  M.  A.,  57,  1911,  p.  495. 

"  Peahudy,  Draper  anil  Docket,  Monog.  Rock,  Inst.,  Xo.  4,  Jan.,  1918. 

^Jndergw  and  /'Voaf,  Journ.  A.  M.  A.,  56,  Iflll,  p.  663. 
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Although  a  great  many  studies  have  been  made  to  trace  the  infec- 
tion of  one  CHtie  to  exposure  to  another,  such  attempts  have  tailed  in 
most  instances,  and  it  seeni»  fairly  well  estahlished  that  there  Ls  gi'eat 
variation  in  the  Husceptibility  of  individuals  lo  the  dis<?iwe.  Whether 
this  depends  upon  previous  mild  attacks  of  the  variety  Jipoken  of 
above  or  whether  it  is  a  congenital  difference,  cannot  be  stated. 


ENCEPHALITIS  LETHAROICA 


It  is  difficult  to  say  whether  the  dis(»ase  which  we  now  speak  of 
aa  Lethargic  EtxcepJialitis  in  identical  with  the  conditioiut  formerly 
described  as  "sleeping  sieknesis."  "Sehlaf  Kranklicit/'  etc.  Camera- 
rius,  w^hom  we  quote  from  Smith/^  is  said  to  have  deserilied  an  epi- 
demic di:iea£e  which  occurred  in  Germany  in  1712  which  probably 
represents  the  same  condition.  In  1768  and  in  1835  similar  epidemics 
aeem  to  have  occurred  in  the  trail  of  influenzal  outbrt-aks,  a  fact  which 
is  of  considerable  importance  in  view  of  the  fact  that  recent  interest 
in  the  disease  dates  from  the  occurrencii  of  many  cases  of  lethargic 
encephalitis  which  followed  in  the  train  of  the  last  iulluenza  epidemic. 
After  the  epidemic  of  1889,  relatively  few  typical  eases  of  what  we 
now  speak  of  aa  lethargic  encephalitis  were  reported,  tliou^h  nervous 
complications  were  apparently  very  common,  nnring  the  latfr  stages 
gf  the  great  war  epidemic  of  inHuenza.  cases  begj^i)  \n  pppoHr  in  many 
different  places  which,  at  first,  were  either  mistaken  for  poliomvelitLs 
n|^nnr]iag'nf>*^p<l  tipfnro  Hphi^i  We  remember  ourselves  seeing  two  cases 
in  soldiers  during  this  perioil  in  which  diagnasis  was  doubtful  and 
which  we  now  believe  to  have  been  lethargic  eneephalitia. 

One  of  the  first  systematic  reports  is  that  of  Economo -**  who  de- 
scribetl  an  outl>renk  of  the  disease  in  Vienna  in  1917.  In  1918  an 
outbreak  occurred  in  Great  Britain,  which  was  studied  and  reiiorted 
by  Wilson/'  Ilall,--  Ilerringham,  and  others.  (The  onset  of  the 
dis<*ase  in  Ameriea  was  lUalt  witli  in  an  editorial  in  the  Journal  of 
the  American  Medical  Association,  72,  1919,  414,)  In  speaking  of  the 
distribution  of  the  disease  during  this  last  I'pidemic,  Smith  states  that 
the  first  cases  occurred  in  Central  Europe  in  1917.  appeared  in  France, 


'^  Smith,  V.  8.  Pub.  Health  Report,  No.  6.  Vol.  37,  February,  1921, 

'^Sconomo,  Wien.  klin.  Woch.,  30,  1917,  581, 

■  WiUoit,  Lancet,  2.  1918. 

"Hall,  Brit.  Med.  Jour.,  2,  1918,  467. 
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Great  Britain  and  Algeria  in  lato  1917,  and  early  1918,  and  reachef^ 
North  America  during  the  latter  half  of  1918  and  in  early  1919.  The 
di8ca.Ht*  sfiroad  ra]ti<lly  rhronghout  the  United  States,  and  Smith  sa>-s 
that  hy  May,  11)19,  eases  had  been  reported  from  twenty  of  the  states. 
The  lar^e^^t  number  were  reported  from  Illinois,  New  York,  Louisiana, 
and  TonncHsee,  a  fart  which  shows  the  apparent  independence  of  the 
dLscasc  of  climatic  conditions.  The  disca.sc  spread  through  the  United 
States  fi-om  east  to  west.  Smith  summarizes  the  epidciruolo^ical 
features  as  follows;  In  almost  all  outbreaks  the  appearance  of  cpi- 
demic  cnceiihaiitis  has  hccn  preceded  hy  influenza.  Evidence  of  direct 
oomtnunieability  is  lacking,  since  in  analyzing  approximately  900 
people  exposed  in  the  immediate  families  of  cases,  no  secondai'y  cases 
occurred^  The  age  distribution  is  entirely  different  from  poliomye- 
litiH,  so  much  so  thny  RmiTh  K/^Hpv/^  that  this  alone  would  <;}istingiiLsh 
the  two  disea.ses.  In  poliomyelitis  over  59  per  cent,  of  the  cases  occur 
before  the  fourth  year,  and  68  per  cent  of  the  cases  occur  below  the 
age  of  5,  whereas  in  epidemic  encephalitis  58  per  cent,  of  the  eases 
occurred  in  individuals  2()  years  of  age  and  over.  As  to  sex,  60  per 
cent  of  the  cases  of  encephalitis  occurred  in  males.  Seasoually  the 
apex  of  the  epidemic  curve  in  the  United  States  was  reachwl  in  March, 

The  relationship  of  the  disease  to  influenza  Is  vague,  but  something 
to  he  very  seriously  considered  in  view  of  the  recent  researches  of 
Olit-sky  with  jnflneny^  ""^l  ^^  Strauss  and  Loewe  on  tiltrable  viras  m 
encephalitJB. 

The  onset  is  usually  gradual,  with  headache,  lassitude  and  grad- 
ually increasing  fever.  Occasionally  there  are  vomiting,  vertigo  and 
nuiscular  pains.  Disturl>anees  of  vision  may  apftear  early.  Following 
this  tlicre  may  l>e  an  acute  stage  during  which  the  fever  rises,  vomit- 
ing may  intensify,  there  may  be  disturbances  of  the  cranial  nerves 
and  great  general  weakness  which  gradually  lapses  into  coma.  Occa- 
sionally a  ca.se  may  get  well  in  two  or  three  weeks  following  this,  again 
the  coma  may  ]>ei*8ist  for  a  long  time.  Paralysis  of  nuLscuIar  groups 
and  fnninljarfllv.sLs^  pto^iis  distnrbancpsof  pupil  reflexes  and  other 
muscular^^flcxes  04;ciLr. 

The~ipinal  fluid  shows  an  increased  number  of  cells  in  a  certain 
percentages  of  cases.  The  leucocytes  ma^'  be  slightly  increased,  but 
are  asually  not  very  high.  The  mortality  in  Smith's  study  was  29  per 
cent. 

The  etiology  of  the  disease  has  been  very  carefully  worked  upon 
since  the  last  appearance  of  the  disease.    A  number  of  bacteria  have 
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been  described  and  isolated  from  cases,  but  very  probably  have  no 
significance.  We  may  dismiss  the  claims  of  bacterial  causative  agents 
as  not  in  any  case  suflBciently  based  on  reliable  evidence.  Of  im- 
portance is  a  publication  by  gtrauss,  HJrschfeld  and  Loewe  in  1919." 

Thftsn  vyg^-kprs  obtained  naSQ-pharvTMggal  miifii«  ni  fatfll  Mtii^n  nf 
the  disease,  filtered  it  through  Berkefcld  candles  and  injected  it  sub- 
durally  and  intrHcranially  intct  monkeys  and  rabbits.  In  tlleJ^^j  animals 
they  produced  the  dtseaseT  A  monkey  (Macacas  Cynoraolgus)  in- 
jected on  April  20th  developed  by  May  2d,  lethargy,  general  nialaiso. 
temperature  and  ptosis  of  the  left  lid,  but  recovered.  Similar  ivsults 
were  obtained  with  a  Rhesus.  Rabbits  Lntracrauially  injected  died  in 
4  or  5  days  with  punctate  hemorrhages  in  the  brain,  intense  conges- 
tion, marked  meningitis  and  mononuclear  infiltrations  about  the  ves- 
sels. They  claim  to  have  repeated  these  experiments  many  times  since 
their  first  publication.  In  1920  Levaditi  and  Harvier-*  claimed  th«t 
they  couiirmed  the  cxpt'riment.s  <>?  Strauss,  Hii*schfeld  and  Loewe, 
both  in  monkeys,  and  in  addition  assert  the  susceptibility  of  guinea 
pigs.  In  a  later  publication  of  Loewe  and  Straass"'"  they  state  that 
the  lesions  produced  in  the  brains  of  such  experimental  animals  are 
similar  to  those  seen  in  human  eases,  that  is,  showing  mononuclear 
perivascular  infiltration,  small  homorrhages  and  general  congestion, 
and  they  add  experiments  in  which  they  succeeded  in  transferring  the 
disease  with  spinal  fluid  and  blood,  as  wed  as  with  material  preserved 
in  50  per  cent  glycerine  for  many  months. 

By  means  of  the  Noguchi  anaerobic  tissue-acetic-fluid  method,  they 
report  the  cultivation  of  minute  filtrable  coccoid  bodies,  virtually  iden- 
tical with  the  globoid  bodies  described  by  Noguchi  for  poliomyelitis. 

It  is  not  possible  at  the  present  lime  to  make  definite  statements 
concerning  the  reliability  of  these  claims.  Other  observers  of  great 
experience  with  a  lai'gc  amount  of  material  have  failed  to  obtain 
similar  results.  The  confirmation  by  Levaditi  and  more  recently  by 
Inmann»  of  Strau.ss  and  Loewe's  experiments,  however^  would  en- 
courage the  hijpe  tliat  they  are  right.  Moreover,  the  similarity  of  the 
disease  to  poliomyelitis  and  the  general  similarity  of  patboloF?ical 
lesions  would  incline  one  to  assume  the  disca.se  to  be  prububly  due  to  a 
filtrable  virus. 


"Strawts,  Biraehfeld  and  toewe,  N.  Y.  Med.  Jonr.,  1919,  773;  Jour.  Infeo. 
Uu.,  25,  1919,  37a. 

^  Levaditi  and  Uarvkr,  Oompt.  Rend,  de  la  Hoc.  Biol.,  63,  I92U,  354. 
*  Loewe  and  Strauss,  Jour.  Infoc.  Dia.,  27,  1920,  250, 
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The  causative  agent  of  measles  in  unknown  to  the  present  Jay, 
and  it  would  be  a  thankless  task  to  review  the  literature  of  the  many 
attempts  to  isolatr*  microorganisnis  from  tliis  disease,  none  of  which 
has  resulted  in  throwing  any  light  on  the  etiology. 

Attempts  to  produce  the  disease  experimoitrtlly  have  frequently 
been  made,  the  earliest  recorded  being  those  of  Hnme  of  Edinburgh, 
published  in  1759,'  Home  took  blood  from  the  arms  of  patients  afflicted 
w^ith  measles,  caught  it  upon  cotton,  and  inoculated  normal  indi- 
viduals by  placing  this  blood-staiued  cotton  on  wounds  made  in  the 
arm.  Home  claimed  that  in  this  way  he  produces  measles  of  a  modified 
and  milder  typo  in  fifteen  individuals.  Home's  results,  however,  while 
at  first  accepted,  were  assailed  by  many  writers  and  it  is  by  no  means 
certain  that  the  disease  produced  by  him  was  really  measles. 

A  number  of  other  observers  after  Home  attempted  experimental 
inoculation  of  lliis  disea.se,  and  i)Ositivc  result-s  were  reported  by 
Stewart  of  Rhode  Island  (1799),  Speranza  of  Mantua  (1822),  Katowa 
of  Hungary  (1842),  and  McGirr  of  Chicago  (1850). 

The  experiments  of  all  these  early  writers,  h<»wever,  are  unsatis- 
factory, owing  to  the  ueecasarily  unreliable  technique  of  their  methods. 

In  1905  Hektoen^  succeeded  in  experimentally  producing  the  dis- 
ease in  two  medical  students  by  subcutaneous  injection  of  blood  taken 
from  measles  patients  at  the  height  of  the  disease  (fourth  day).  The 
experiments  were  carefully  carried  out  and  the  symptoms  in  the  sub- 
jects were  unquestionable.  They  demonstrated  that  the  vims  of 
the  disease  is  present  in  tlic  blood.  Attempts  at  cultivation 
carried  out  with  the  same  blood  were  entirely  negative.    It  was  abio 


■  Hovie»  *  *  Medical  Facts  and  Experiments, 
*Uektoen,  Jonr.  Inf.  V\n.,  ii.   1905. 
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shown  by  Hcktoen's  experiments  that  the  virus  of  measlos  may  be  kept 
alive  for  at  least  twenty-four  horn's  whoa  mixed  with  ascitic  broth. 

Similar  experiments  were  recently  carried  out  by  Sellards,  both 
on  monkeys  and  on  eit?ht  volunteers,  but  entirely  without  success. 

More  important  than  the  blood  transfer  experiments  from  Uie 
point  of  view  of  transmission  are  experiments  in  whieh  inoculation 
has  been  attempted  with  secretions  from  the  nose  and  throat-  In  1852 
May e r  reported  the  successful  inoculation  of  human  beings  with  mueus 
rrom  the  noses  and  throats  of  earlv  measles  cases,  but  complete  failure 
in  similar  attempts  at  transfer' with  skin  desquamations  following  the 
rash.  Anderson  and  Goldberger*  claimed  in  1911  that  they  were  able  to 
produce  temperature  reactions  and  mild  skin  changes  in  monkeys  by 
the  injection  of  nasal  and  pharyngeal  secretions  from  early  cases.  This 
work  has  been  recently  elaborated  and  brought  lo  more  convincing 
conclusions  by  Blake  and  Trask.*  These  writers  inoculated  monkeys 
(Macacus  Rhesus)  intratracheally  with  filtered  and  unfilterrd  wash- 
ings from  patients  in  the  early  eru])tive  stages  of  measles  and  showed 
that  the  lesion  which  developed  in  the  skin  and  buccal  mucous  mem- 
brane during  the  course  of  the  monkey  infection  was  histologically 
almost  identical  with  that  found  in  human  measles.  They  successfully 
transmitted  the  infection  from  monkey  to  monkey  and  demonstrated 
that  one  attack  of  experimental  measles  conferred  immunity  upon  the 
monkeys. 

Eindemwl<igy  and  Prevention, — There  are  few  infectious  diseases 
as  common  as  measles.  Crum "  has  collected  statistics  which  show 
that  measles  is  responsible  for  about  1  per  cent,  of  alt  deaths  occurring 
in  the  temporate  zones.  In  statistical  summaries  of  22  countries  ex- 
tending over  a  period  of  four  yeai*8  preceding  1910,  there  were  over 
;i(i6,<H)0  deaths  Httrihutable  to  measles  of  an  ajrgregalc  population  of 
32,625, 6r>L  All  races  and  ug^'S  seem  to  be  susceptible,  though  children 
are  more  often  infected,  and  the  discrepancy  between  adults  and  chil- 
dren is  probably  due  merely  to  the  fact  that  most  adults  have  had  the 
disease  before  they  attain  adidt  life.  Whenever  young  adults  from 
rural  districts  come  together  in  camps,  epidemics  will  occur  quite  eom- 
parablc  and  more  severe  than  those  occurring  among  school  cinldren 
and  asylum  children  at  an  earlier  period  of  life.    The  disease  is  com- 


*  Anderson  and  Goldherger,  Jour.  A.  M.  A.,  67,  19U,  1612. 

*  Blake  and  Trtuk,  Jour.  Kxpor.  M«*«].,  :U,  1921,  385,  413  and  621. 
•Crwrn,  Amer,  Jour.  I'ub.  Health,  4,  1914,  289. 
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tnoTi  all  over  llie  world  and  not  apparently  influenoed  by  climatic 
oonditionx. 

When  it  appears  flr^t  among  aboriginal  pupulatiorts,  it  sweeps 
through  them  with  a  violence  unknown  among  moiv  civilize*!  nations 
with  whom  the  disease  haa  been  endemic  for  renturies.  Such  waa 
the  great  epidemic  in  the  Fiji  Islands  in  1K74.  anil  similar  epidemics 
have  occurred  in  the  South  Sea  Lflanda  and  among  American  Indians 
and  the  negro  mce,s.  The  diseane  occurs  more  commonly  in  cities  than 
in  rural  districts. 

Susceptibility  of  previouHly  uninfected  individuals  seems  to  be 
practiealiy  univerMal.  Intrre-stiug  in  this  ecinnection  ai*e  the  statistics 
of  concentration  camps  i:\  the  United  States  during  the  rceent  war 
Guch  as  those  of  Vaughan  and  Palmer**  made  at  ("amp  Wheeler.  The 
population  of  this  ramp,  liki-  that  of  many  others,  was  made  up  ol 
young  mrn  from  rniHl  commuiiitirs,  many  of  whom  had  nut  had 
measles  before.  Tlu?  sick  rate  week  by  week  which  followed  the 
onset  of  the  epidemic  is  tabulated  by  Vaughan  and  Palmer  aa 
follows: 


Annual  MfMle» 

For  WmIc  KnHtnc 

.Morbidity  lUtf 
pfj  lOOO 

October       19 

83 

OctoWr      26 

428 

November    2 

015 

Noveinhcr    9 

1760 

Novpmbor  16 

2*200 

NovoinNjr  23 

1120 

November  30 

248 

December    7 

240 

December  14 

19 

"We  may  assume  that  the  definite  exposure  to  measles  of  an  unin- 
fi^cted  human  being  will  almost  invariably  result  in  an  attaek. 

Since  the  disease  is  ■      '  fed  bv  the  secretions  of 


the  nose  and  throat,  ri 


tay  be  taken  to  imply 


crowamg  in  sleeping  gnaw^ja,  f^ffntact  in  ijublic  vehides.  places  of 
amusement,  at  meals,  at  play,  in  schools  and  in  the  ordinary  indoor 


association  of  work  and  recreation.    Whether  or  not  the  disease  can 
be  conveyed  indirectly  to  any  degree  is  not  certain,  but  it  is  veiy 


•  i'oughan  rinil  Palmer,  Joiir.  Lib.  and  Ciin.  Mwl,,  4,  1910,  647. 
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likely  that  infection  from  secretions  on  toys,  food  or  other  objects  th$t 
art  put  into  the  mouth  may  take  place,  so  long  as  the  secretion  Ls  notj 
dned^   Judgnitr  from  what  we  know  or  other  filtrable  vims.  nior^M 
over,  the  virus  of  measles  roay  offer  considerable  resistance  even  to 
drying.  ^ 

One  of  the  most  important  epidemiological  facta  is  the  infectious-^ 
faeas  of  the  secretions  in  the  early  pre-emptive  stages.    -Ac'cording  to 
{£evy  of  Richmond,  the  disease  may  be  infectious  as  Innp  n«  i  i^ov^m 
l^fore  the  rash  iippeanTHiul  since  at  this  time  the  patients  are  rarelyW 
llrery  sick,  this  Ls  the  dangerous  period  for  transmission. 

TTnf'ninpHp>^t<'d  measles  in   itself  is  not  a  verv  ffft*^^  iIimphkp,   tuii, 
like  influenza,  measles  seem.s  to  bring  about  a  certain  susceptibility  to^ 
rarious  respiratory  infections,  and  measles  epidemics  are  usually  a( 
impanied  by   many   fatal   post-measles  pneumonias.     These   pneu- 
Lonias  may  take  the  form  of  pneumococcus  or  streptococcus  infe( 
ions,  according  to  the  nature  of  the  most  prevalent  mouth  and  thi 
lora  prevailing  in  the  community.    The  conditions  for  a  fatal  measU 
lidemin,  therefore,  are  fulfilled  when  mea.sles  breaks  out  in  an  indi 
ial  community,  a  camp,  a  school,  etc.,  during  the  cold  weather  wh< 
jughs  and  colds  prevail  and  when  virulent  pneumococci  and  strep- 
tococci are  plentifully  scattered  about  in  mucus. 

The  prevention  of  measles,  in  crowded  communities  or  groups, 
fraught  with  many  difficulties.    However,  with  vigilance  and  adequal 
i^cipline,  much  can  l>e  accomplished.    In  schools,  industrial  commi 
fiiitics  and  in  military  units,  the  most  important  procedure  in  oui 
'Opinion  is  constant  inspection  and  early  segregation  of  all  individui 
fvith  catarrhal  colds.     In  the  army  it  has  been  the  practice  of  sani 
tarians,  a  practice  which  we  believe  we  have  seen  succeed  to  an 
Itxpected  degree,  to  inspect  entire  units  once  a  day  upon  the  appeal 
nnce  of  a  ca.se  of  measles.     The  entire  unit  is  made  to  pass  an  in^ 
Specting  officer  in  single  file  in  the  morning,  a  few  questions  as 
general  health  are  asked,  the  conjunctiva  and  throats  and  the  skij 
itf   the    chest    and    arms   are    rapidly   inspected,    and   individual 
^bomplaining  of  headache,  a  restless  night,  a  cold  or  a  cough,  or  th( 
in  whom  the  conjunctivie  are  inflamed,  or  the  nose  secreting,  ai 
made  to  step  out  and,  on  these,  temperatures  are  taken.    All  those' 
with  a  temperature  of  100°  or  above  are  isolated  and  great  care  is 
taken  to  segregate  catarrhal  cases  from  the  rest  of  the  population^ 
This  method  makes  it  possible  to  inspect  a  large  group  in  a  very  short 
time  and  will  accomplish  far  greater  results  than  the  mere  isolation 
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of  individual  suspicious  cases  which  come  to  the  sanitarian  of  their 
own  act'ord.  Muiistm  '  has  given  this  method  partioular  attention  in 
the  army  with  astoiiiahinply  favorable  results. 

Since  the  incubation  time  of  the  disease  is  about  two  wi^elcs,  the 
exclusion  of  children  from  school  need  not  cAceed  this  period. 


BCAELET  FEVER 


{Scarlatina) 

The  etiology  of  scarlet  fever.  like  that  of  measles,  is  still  olwcure. 
Streptococci  have  been  found  with  striking  regularity  in  the  throats 
of  scarlet-fever  patients,  and  a  large  number  of  investigations  have 
seemed  to  furnish  evidence  for  the  etiological  relationship  of  these 
microorganisms  with  the  disease.  According  to  von  Lingelshoim, 
Crooke  as  early  as  1885  demonstrated  the  presence  of  streptococci  in 
the  cadavers  of  scarlet-fever  victims.  Baginsky  and  Sommerfeld  *  in 
1900  examined  a  number  of  scarlatina  cases  with  reference  especially 
to  streptococcus  infection,  and  reported  the  presence  of  streptococci 
in  the  heart's  blood  of  eight  patients  who  had  died  after  a  very  acute 
and  short  illness.  They  expressed  the  belief  that  the  acuteness  of  the 
illness  and  the  rapidity  of  death  in  these  cases  precluded  the  possi- 
bility of  the  streptococci  being  merely  secondary  invaders.  A  large 
number  of  other  observers  have  expressed  similar  opinions,  but  we 
can  not.  as  yet.  justly  conclude  that  streptococci  are  actually  the 
etiological  agents  of  this  disease. 

Class*  in  1899  descriJ>ed  a  diploeoccus  which  he  cultivated  from  a 
large  number  of  scarlatina  patients  and  with  which  he  was  able  to  pro- 
duce exanthemata  and  acute  fever  in  pigs.  Subsequent  investigations 
seem  to  show  thnt  Class  was  really  working  with  a  streptococcus. 

Moser,*"  working  in  Escherich's  clinic,  has  recently  reported  the 
very  favorable  influence  upon  the  course  of  scarlet  fever  of  polyvalent 
streptococcus  antisera.  This  Is  npt  really  very  strong  evidence  in 
favor  of  the  streptococcus  etiology  of  th*^  disease,  since  there  is.  of 
course,  no  doubt  that  streptococcus  infection  complicates  the  disease, 


^  Mtittson,  Militiiry  Surgeon,  40,  1917,  666. 

•  Baffinjtlif  anil  SommcrfeJd,  Berl.  Win.  Woch.,  1900. 

•CloMs,  Philtt.  MorJ.  Jour.,  iii,  1899. 

•ifo»er,  quoted  by  Ksphrrich,  Wien.  Win.  Woch.,  mtiil,  1903. 
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and  it  is  to  be  expected  that  antisireptococeuH  serum  should,  therefore^ 
benefit  the  patient's  condition  by  combating  this  complication. 

Mallory  ^^  in  1904  published  observatiouii  ou  tour  scarlatina  coses 
which  suggested  that  i>oasibiiy  scarlatina  may  be  caused  by  pititoa^oa.  _  In 
the  skin,  between  the  epithelial  cells,  lie  found  small  botlies  which  were 
easily  stained  with  methylene-blue  and  which  becaase  of  their  arrange- 
ment and  form  he  interpreted  as  parasites  not  very  unlike  the  Plas- 
modium uf  malaria.  Subsequent  investigations  of  Field  '-  and  others 
have  failed  to  substantiate  Mallory's  conclusions.  Mallory  and  Med- 
lar ^'  suJjsequently  do.seribi»d  a  diphfheniid  liacilhis  which  they  ftuind 
in  the  tonsik,  thi'oat  and  trachea  of  scarh-t  fever  eases.  Another  diph- 
theroid bacillus  has  been  isolated  by  Mallory  and  Parker  from  the 
middle  ear  in  a  number  of  scarlet  fever  eases  complicated  with  otitis 
media.  The  frequency  with  which  these  bacilli  were  found,  and  the 
fact  that  the  organism  found  by  Mallory  and  Parker  produces  highly 
toxic  substances  in  broth,  makes  it  necessaiy  to  keep  them  in  mind, 
though  Mallory  and  I'arker,  llierasclves.  make  no  etiological  clniras. 

In  1911  Landstciner,  Levaditi  and  Prasek*'*  claimed  that  they 
Baccessfully  inoculated  chimpanzees  with  scarlet  fever  by  injecting 
blood  from  patients  and  also  by  mbbiiig  the  throats  of  the  animals 
with  swabs  taken  from  scarlet  fever  throats.  Hektoen  and  Weller  in 
the  same  year  failed  in  similar  experiments  upon  Macaens  Rhesus. 
Cantacuzene  claims  successful  results  on  a  number  of  lower  monkeys 
with  the  blood  and  lymph- node  suspeasioas  of  scarlet  fever  cases. 
Draper  and  Hanford'*  have  carefully  gone  over  all  these  investiga- 
tions and  attempted  to  confirm  them  but  completely  failed. 

The  question  concerning  the  etiology  nf  scarlet  fever  is  at  the 
^r^ent_time  cnTlroly  uriiJeltleJ!  Unquestionably  the  most  interesting 
line  of  thought  at  the  present  time  is  that  connected  with  the  strep- 
tococei.  We  have  mentioned,  m  the  streptococcus  chapter,  the  work  of 
Haginjsky  and  Sommerfeld/"  and  there  is  no  question  about  the  fact 
that  a  severe  hemolytic  infection  of  the  throat  is  an  invariable  accom- 
paniment of  scarlet  fever.  In  the  series  studied  by  Bagin&ky  and 
Sommerfeld  there  were  8  in  wluch  the  streptococcus  infection  accom- 


*'Aialhrjf,  Jour.  M«d.  Rescaroh.  x.  1904. 

^  Field,  Jopr.  Expor.  Mel.,  7,  1903. 

"Mallory  and  MaHar,  Jour.  Med.  R«.,  34.  19H?. 

**  LandKteiner,  Lev<idit\  and  Pranek.  Ann,  d©  rinit.  Paat.,  25,  19U,  764. 

*^  Draper  and  Banford,  Juura.  Exp.  Med.  Vol.  17,  1913,  p.  517. 

••  BagiHsky  and  Sommerfeld, 
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WAS  90  \nolent  that  it  could  hardly  be  regarded 
mi'  tt  >uw  wvoiKUury  infection,  and  the  writer,  like  many  others,  has 
mi^^  %  ifcttMbvr  of  Cttses  \n  whioh  severe  strcptocoeciis  infection  of  the 
IkJrwM,  Nkptdty  fbUowed  by  general  septicemia,  was  accompaaiied  by 
m  wttrtetinifonn  rash,  and  in  jnieh  cases  it  is  impossible  to  say  whether 
IK  iKsiling  with  h  fulminating  scarlet  fever  nmv  or  with  a  violent 
irtptiNHHMHM  int'iYti(»n  with  a  toxic  rash.  The  experiments  «if  Tuni- 
tW  swmed  to  show  definitely  that  scarlet  fever  blood  contains 
[wetfte  incrmse  of  opsonins  for  hemolytic  streptococci  and  that  strep- 
froin  scarlet  fever  cases  fall  into  a  homologous  groyp  hy  _ng- 
l^t^nM  ffra^timia  Moser  and  Von  Pirquet'**  in  190'A  had  claimed 
the  hh>od  of  scarlet  fever  patients  quite  frequently  agglutinated 
iTplococci  and  also  slated  tliat  tlie  streptocwiei  isolated  from  scarlet 
fever  bK>od  eould  be  agglutinated  specifically  in  most  eases  with 
Inunuuc  sera  i>roduce<l  with  such  streptococci,  while  sti*eptococci 
btolateil  from  other  sources  were  rarely  so  agglutiimted.  This  ap- 
punmt  specificity  of  the  scarlet  fever  streptococci  has  recently  been 
more  carcfidly  investigated  by  Bliss*  in  Dochez's  laboratory,  and 
in  spite  of  the  technical  difficulties  of  agglutination  experiments  with 
this  group,  these  workers  too  seemed  to  have  found  a  certain  amount 
nf  Rpeeificity  in  the  scarlet  fever  strept(X!occu8  group.  In  view  of 
the  loxic  substances  which  Zinsser,  Parker  and  Kuttner"  have  recently 
f>hlaincd  from  slrcptoctM'cus  cultures,  toxic  substances  which  are  not 
regarded  as  specific  exotoxins  and  arc,  therefore,  not  to  be  confused 
with  pn'vious  claims  of  exotoxin  production  by  streptococci,  and  in 
(uinsiderntion  of  the  nature  of  the  scarlet  fever  rash,  we  do  not  Iwlieve 
it  imiuiNsiblc  that  the  skin  manifestations  of  scarlet  fever  may  be  toxic 
in  nature,  and  that,  while  many  features  in  the  disease  would  suggest 
iL  filtiubU'  virus  similar  to  that  of  measles,  there  is  still  much  logic 
in  continuing  bacteriological  investigations. 

Epidemiology  and  Prevention. — There  seems  to  be  no  doubt  about 
the  fa<'t  that  the  disease  is  transmitted  by  the  nasal  and  pJuiryiigeal 
mucna  at  all  atsges  of  the  disease.  The  disease  is  probably  com* 
munioable  from  the  very  beginning  of  the  onset  of  symptoms  in 


"  Tunldlfr,  Jour.  Info«.  Dii.,  Joura.  A.  M.  A.,  IBSO,  74,  p.  13S6  and  7S,  p. 
1339;  uIao  Joui-n.  Inf.  Dis.,  29,  p.  91,  1921. 

"  ,Uo«rr  iintl   Ton  Pirqurt,  Ont.  f.  Bakt.,  Orig.,  34,  1903,  680  and  714. 

•  BliMM,  HuU.  Jnhnu  Hopk.  Hosp.,  31.  1920,  p.  173. 

^  XinnKcr,  Parkar  hml  Kutiner^  Proc.  8»»o.  for  Exper.  B'ol.  arul  Med„  18, 
1920,  49. 
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the  throat.  It  remains  contagious  throughout  the  disease  and  far 
iuto  the  convalescent  period.  In  ordinary  uncomplicated  cases  the 
infectiousness  probably  ends  three  or  four  weeks  after  disappearance 
of  the  rash,  but  when  suppurating  ears  or  other  open  secondary 
lesions  pei-sist,  contagiousness  may  last  throughout  the  period  of 
the  existence  of  the  secondary  lesion.  Place""  has  particularly 
studied  such  cases,  and  reports  isolated  observations  in  which  con- 
tagiousness has  lasted  for  twenty  weeks  after  convalescence. 

The  so-called  "return"  cases  are  due  to  this  long  period  of 
contagiousness,  and  Rosenau  states  that  in  the  Boston  City  Hospital 
it  has  been  observed  that  about  1.5  per  cent  of  discharged  scarlatina 
eonvalescents  give  rise  to  "return"  cases,  although  the  patients  are 
kept  in  the  Hospital  for  fifty  days.  Prom  our  own  observations 
in  army  sanitation,  there  is  very  little  doubt  in  o\ir  minds  about 
the  existence  of  scarlet  fever  carriers  and  this  is  in  keeping  with 
the  observations  of  others. 

We  have,  thus,  as  dangers  for  scarlet  fever  transmission,  the 
typical  cases  thems^lVfS  fTOItt  the  Deginning  of  the  throat  infection 
until  long  after  convalescence^  the  eases  in  which  persistent 
secondary  suj>|)urative  lesions  continue  after  convalescence,  the  mild 
unrecognized  cases  and,  possibb'.  carriei's. 

In  addition  to  this,  trftnstmissinn  hy  rpilk  hns  not  been  nnenmmon. 
Trask"  has  eolleftpd  thirty-five  scarlet  fever  enidemies  indirectly 
traceable  to  milk,  and  Rosenau  speaks  of  a  milk  epidemic  in  Boston 
which  gave  rise  to  500  cases.  This  epidemic  was  suppressed  by 
pasteurization  of  the  milk. 

In  prevention  of  the  disease  attention  must,  therefore,  he  chiefly 
cent orecT  upon  early  recognition  and  proper  f|niirflntiiie_  In  schools, 
asylums  and  other  closely  associated  units,  great  care  must  be  exer- 
cised to  detect  the  first  symptoms  of  sore  throat  when  searlet  fever 
has  occurred  in  any  member  of  the  eommnjiity,  and  daily  inspection 
is  as  necessary  here  as  in  measles.  Children  from  households  in 
which  scarlet  fever  has  occurred  should  be  excluded  from  school 
and  isolated  until  the  incubation  neriod  of  seven  days  is  over.  The 
incubation  in  this  disease  is  usually  shorter  than  this,  rarely  longer. 
Thc!  isolation  of  cases  should  be  continued  for  from  fifty  to  sixty 


"Place,  cited  from  Rosenau 'b  Preventive  Medicine  and  Hygiene^  D.  Appleton 
A  Co.,  New  York  and  London,  1921. 

"  Trcuk,  U.  a.  Pub.  Health  BuUetin,  Ko.  41. 


930 


DTSEASKS  CAUSED  BY  FILTRABLE  VIRUa 


days,  and  no  case  should  be  returned  to  ordinary  life  as  long  as 
middle  ear  disease  or  any  other  open  suppuralive  lesion  persists. 


MUMPS 


Mumps  ia  one  of  the  most  difficult  infections  to  circumscribe 
wlu-n  once  it  has  started  in  a  t>r«uvrhwl  <-ftmiiiniiii  y — ^[iim])S  rAiiiJiniirs 
in  the  army  sDro»f|  w'*''  «p' "'^  »»t^  yiOwmt  yW^ldin^  tn  t\iiVuii\ry 
])r«>v<-n«ivt>  nifaj^yrps.  Ordinarily  it  is  ehietly  a  disease  of  childi-en 
among  whoin  it  spreads  in  schools  and  institutions. 

rrevention  is  i)artieularly  diffieult  lu'eause  the  susceptibility 
among  children  is  practically  universal  and  since  exposure  need  not 
bo  very  close  to  give  rise  to  infection.  Also,  difficultiea  are  added 
to  by  the  fact  that  it  may  be  passed  on  to  others  during  the  incuba- 
tion time  before  actual  s^Tuptoms  havt;  appeared.  Our  impression 
from  army  experience  is  that  there  may  be  carriers. 

Infection  is  direct,  by  the  secretions  of  the  month,  nose  and 
tiiroat,  and  it  entei-s  the  new  vietiin  probably  by  thr  same  route. 
The  incubation  time  after  infection  may  be  anywhere  from  five 
days  l(j  three  weeks.  Martha  Wollstciu''  lias  brouKht  forward 
evidence  which  indicates  that  the  saliva  and  secretions  from  mumps 
en^ses  contain  a  fillrablc  vims.  With  sin.'h  filtered  secretions  she 
f^fifflintMl  pjiflinlofrit'^l  i-lumy^*?^  \n  the  testicles  and  parotid  tfiands  of 
cats  w^hich  siniulatt'fl  h^i^ian  mumos.  The  most  serious  complications 
are  those  occurring  in  the  testes  which  in  male  adults  may  have 

<)n^>  iiWiu'k  usiiallv  prntt^fts.  thniiyh  Tiot  always. 

Prevention  depends  upon  early  recojarnition  and  isolation  for  two 
weeks  after  all  symptoms  have  disai)peared. 

When  the  disease  spreads  in  a  group,  it  should  be  remembered 
that  it  may  be  infectious  for  some  time  before  symptoms  occur  and 
that  the  incubation  time  may  last  as  long  as  three  weeks.  PiH)tective 
measures,  exclusion  of  contacts  from  school,  and  closure  of  schools 
if  found  necessary,  must  cover  this  period. 
■  •■■       ■        .-_  ..--..  _..,■  ... —     ^ 

"  fVollntein,  M.,  Jour.  Kxpcr.  Med.,  23,  1916,  26S. 
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DENGUE    FEVER 


Di'!iR:iir  fever  is  of  sanitary  inipoi'taiiet'  because  it  spreads  rapidly, 
QLcms  (  pidemii'allv  oiul  mav  load  to  a  very  high  sick  rate,  though 
JL  rarely  killa.  It  is  tropical  in  its  distribution,  but  has  oerurred 
fpidoiuioally  in  the  stib-tropical  countricfi.  Southern  and  Kustern 
Eui'opf  have  had  small  epidemics  and  an  oecasional  sporadic  dis- 
tribution of  cases. 

'^xe  ons<-t  is  s'ldden  and  begins  with  severe  pains  throughout  the 
^Odyi  wi'nk-TiPKu  uti.l  I'hilliiiMt^tc  There  is  eoujunelival  injeelion  and 
there  may  he  gastro-intestinal  s^inptoms.  The  temperature  rises  to 
103°  or  KH**  and  with  thiH  there  is  headache  nnd  the  pains  in  the 
back  and  legs  increase.  The  pain  seems  to  be  largely  localized  in 
the  muscles.  The  fever  persists  usually  for  about  three  days  tvhen 
it  drops  considerably,  and  remains  down  for  two  or  three  days  when 
it  rises  a^in.  Usually  at  this  time  there  is  a  rash  on  the  hands 
which  spreads  to  tlie  arms,  trunk  and  legs,  f'astellani  and  Chalmers" 
describe  this  hs  a  '*moasly'*  emplioii  in  most  cases,  though  in  orhers 
it  may  resemble  that  of  scarlet  fever.  After  the  second  febrile  attack, 
convalescence  is  usually  rapid.  The  mortality  of  the  disease  is 
negligible. 

In  1903  Graham,"*  working  in  Syria,  made  blood  examinations 
on  a  large  number  of  cases  of  Dengue  and  described  protozoa-like 
organisms  within  the  red  blood  cells.  He  believed  that  the  disease 
was  transmitted  by  the  ordinarj^  mosquito,  Cutex  fatigam.  The 
geographical  distribution  of  this  mosquito  corresponds  fairly  well  with 
that  of  the  disease.  In  one  case  he  produced  the  disease  in  man 
by  the  subcutaneous  injection  of  a  suspension  of  salivary  glands 
of  infected  mosquitoes.  He  produced  the  diseases  by  bites  of  the 
mosr|uitoes  that  had  fed  on  Dengrue  patients.  In  li>06  Haneroft 
produced  typical  attacks  in  two  volunteers  hy  the  bites  of  Siegovxya 
fasriata  which  had  been  allowed  to  feed  on  Dengue  patients  on  the 
second  day  of  the  disease.  Of  considerable  importance  are  the  ex- 
periments of  Ashburn  and  rVaijr'  of  the  Ignited  States  Army  which 
were  carried  out  in  the  Philippine  Islands  in  1907.     These  Inves- 


^CtuteUoni  and  Chalmer/t,  Textbook  of  TropipaJ  Me<li<?ine,  W.  Wood  A  Uo„ 
Kew  York. 

**  Graham,  Jour.  Trop.  Me<I.,  fi,  1003.  209. 

»  J*W>«rn  and  Craig,  qaoted  from  Craif,  Jour.  A.  M.  A.,  75,  1^20,  1171. 
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tigators  failed  to  coiifirni  Graham 'h  work  regarding  the  preseuce 
of  protozoa-like  orgaiiiHms  in  the  blood.  They  produced  the  cbs<  ase 
In  voluntt-ers  with  untiltorrd  l»Iood  of  Dengriie  cnsrs.  They  tlu-n 
injected  two  volunteen*  intravenouBly  with  diluted  defibrinatrd 
blood  of  Denifiio  patients,  filtered  through  filler  candles  which  held 
biK'k  MirrocnccHs  nielitensiH  and  the  cholera  spirillum-  Both  ul 
these  voliuitcors  developed  typical  attacks  in  about  tliroe  days.  They 
ilwequently  confirmed  (iraham's  assertion  eoncerninjc  the  trans* 
niisHion  of  the  dixeasse  by  Culex  fatiganft.  They  also  showed  that 
tlie  diaefuie  ia  uot  contafdous  in  t)ie  ordinary  8eu8e.  Craig  suggi'sta 
the  TKKwihility  of  tlie  disease  being  caused  by  a  sjjiroehartc,  haning 
his  opinion  on  certain  analogies  with  yellow  fever  a»  brought  out 
by  Noguehi's  rcnearehea.  However,  there  is  still  eouaiderable  uncor^ 
tainty  coneenung  this. 


FOOT-AND-MOUTH   DISEASE 


This  malady  occurs  cliiefly  in  cattle,  aheep,  and  goats,  more  rarely 
[n  other  domestic  auiniala^  It  is  cliaractcrizcil  hv  the  apiManrnf^ 
of  a  yesio\dar  truption  localized  upon  the  nnicnsa  of  tlie  mouth  and 
ty;»in  thr  fU'li^'ntr  skin  hi'twcen  the  hoofs.  In  Ihe  rcniales  siriiij.ir 
cruptioiLs  may  amjt'ar  upon  the  udders.  With  the  onset  of  the 
eruption  there  may  be  increased  temperature;  refuaal  of  food,  and 
general  depression,  Usually  the  disease  is  mild;  the  vesicles  Ix'ciune 
small  ulcers  and  pustules.  Occasionally  the  disease  is  complieatod 
by  catarrhal  gastroenteritis  or  an  infiiimmation  of  the  respiratory 
tract,  and  death  may  ensue. 

The  disc-ase  ia  transmitted  from  animal  to  animal  by  means  of 
virus  contained  in  the  vesicular  cont^^nto.     Infection  may  ab*o  lake 
fc^lace  through  the  agency  of  m i Ik. 

Rarely  the  diseaae  mav  be  transmitted  to  man.  Such  infection, 
when  it  docs  take  place,  occurs  usually  among  the  milkers  and, 
attendants  in  dairies,  and  is  transmitted  by  direct  contact.  Thg^ 
t^iflfi'ft^r  ^n  man  is  usually  very  mild.  Mohler  states  that  the  discrse 
may  be  transmitted  to  man  by  the  milk  of  infected  animals.  lie*' 
adds  that  in  the  United  Stales  the  disease  lias  Ix'cn  practically 
eradicated. 
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The  causative  agent  of  foot-and-moath  disease  is  anknown.  A 
number  of  organisms  have  been  cultivated  from  the  v«fsieles  and 
mucous  membranes  of  afiOicted  animals,  but  none  of  these  could  be 
shown  to  have  etiological  aignificance.  Loefller  and  »oi5L'h  *^  havg 
demonstrated  that  the  vims  eontained  in  the  vesicles  may  pasa 

through   the   pores  of  a   filtpr, Thp   viruR  la  easily   dtf&troved   bv 

tionting  tn  fln°   P    anH  Ky  i>nmplpffr  <^p«mh— tin» 

One  attack  of  foot-and-mouth  disease  proteeta  ^yains^  subseqaeat 
attacks..  This  immunity  in  most  cases  lasts  for  years*  though  rare 
cases  of  recurrence  within  a  mngle  year  have  been  reported.  Loefiter 
has  aetivelv  immunized  horses  and  cattle  with  irraded  dose«  of  virus 
obtained  from  vesicles  and  with  the  sera  of  sueh  animafe  has 
produced  passive  immunity  in  normal  subjects^ 

^LoePer  and  FtomcK  Cent.  f.  Bakt.,  1,  1908. 


CHAPTER  XLVm 

TTPHU6  FEVEB,  TBENOH  FEVER,  ROCKY  MOUNTAIN  SPOTTED 
FEVER.  NOTES  ON  DBLOUSING  AND  A  CONSIDERATION  OP  THE 
SO-CALLED  RICKETTSIA  BODIES. 

In  this  chapter  we  have  brought  together  a  group  of  diseases 
which  are  insect  borne  and  in  which  the  etiological  factor  at  the 
present  time  is  uncertain.  We  have  attached  to  the  end  of  the 
chapter  a  short  r6sum6  of  Rickettsia  bodies,  appearances  to  which 
allusion  is  made  in  consideration  of  all  the  diseases  here  dealt  with. 
The  chapter  has  not  been  introduced  with  these  Rickettsia  bodies 
because  we  do  not  feel  at  the  present  time  that  their  relationship 
to  the  diseases  or  even  their  positive  interpretation  as  living  organ- 
isms has  been  fully  established.  The  evidence  which  connects  them 
with  the  diseases  in  question,  however,  is  growing  so  important  that 
general  information  as  to  their  nature  and  appearance  cannot  be 
ignored.  In  reading  the  chapters,  if  the  reader  finds  reference  to 
Rickettsia  bodies  in  the  sections  on  the  diseases,  he  is  referred  for 
further  information  to  the  section  on  Rickettsia  at  the  end  of  the 
chapter. 

TYPHUS  FEVEB 

Typhus  fever  is  an  infeetioiis  disease  which  is  characterized  by 
an  incubation  time  of  five  days  or  more,  high  temperature,  and  a 
petechial  rash.  It  has  been  characterized  as  peculiarly  a  disease 
of  filth  and  has  epidemically  disappeared  in  most  of  the  civilized 
countries,  although  it  is  still  endemic  in  certain  parts  of  Europe, 
North  and  South  America,  and  occurs  epidemically  in  Mexico  under 
the  name  of  Tabardillo.  In  New  York  it  has  recently  been  found 
to  exist  not  infrequently.  It  was  described  as  a  new  clinical  entity 
by  Brill,  and  has  been  spoken  of  as  Briirs  disease,  but  the  work  of 
Anderson  and  Goldberger  has  shown  that  Brill 's  disease  is  identical 
with  typhus  fever. 

During  the  present  war  great  epidemics  occurred  in  the  countries 
ci  Eastern  Europe,  an  epidemic  of  great  destructiveness  sweeping 
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over  Serbia  durinj?  the  winter  of  1914  to  Ifliri;  nnd  the  diHonw 
occurred  iu  the  Russian,  Hiingariun^  Auntrian,  i^alkun  and  TiirkiNh 
Armies  throughoat  the  subsequent  yean.  At  the  prettent  writiiiK 
there  is  much  typhus  in  Russia,  Serbia,  Poland  and  in  partrt  of 
Turkey. 

The  Disease. — Among  clinical  dcmriptSonM  of  typh««  (h*»  flmt 
imporlaut  scientific  ont*s  were  those  of  (lerhard,  Jrnnrr  and  Miireld- 
son.  The  difFerentialion  between  typhoid  and  typhuw  ixanlhcmntirus 
was  first  made  by  Gerhard  in  1837.  Since  then,  the  diHcase  bnN  hern 
elinieally  well  characterized  and,  indeed,  is  tint  t^any  to  miNtake  for 
any  other  malady  if  once  observed  in  a  typical  cnne. 

The  incubation  time  may  range  from  five  to  Iwenty-ono  dnyn. 
A  case  of  autopsy  infection  published  during  the  war  look  exactly 
twelve  days  to  develop. 

The  onset  may  vary  from  extreme  abmptnesH  to  a  more  gradual 
one.  We  take  the  main  points  of  our  description  from  n  rnrent  Ntudy 
by  (ieorge  C.  Shattuck'  on  caweH  observi^d  during  the  Hcrbinn 
epidemic. 

The  temperature  rises  rapidly,  often  to  from  KW*  to  104*,  with 
chills,  gi'eat  deprcHsion,  weaknesK,  piilnH  In  tlu'  head  n»id  llmbw.  Tb*» 
eruption  appears  on  the  fourth  or  fifth  d«y  after  the  oriNct  and, 
except  in  times  of  epidemic,  the  dbigiumis  Ih  extroniely  difllctdt  In 
the  pre-eruptive  Htage.  As  the  eiMiplino  appenr-H  the  fwor  im  apt 
to  rise.  The  rash  begins  to  appear  UNtinlly  on  the  •ihouldepN  and 
trunk,  extending  secondarily  to  iht'  i^xtremftleii,  tlif  bfl<*ks  of  lh<» 
hands  ancl  feet,  and  sonotinicM  to  the  paliriM  and  woleti,  It  beronies 
more  abundant  during  the  nutme^inent  second  and  ibh'fl  dayN,  but 
it  is  seen  very  rarely  on  the  face  niul  forehrnd.  Thr  rnsb  1m  at  first 
composed  of  pink  spots  whieh  dlMipficar  "ti  prenmire,  but  soon  it 
becomes  purplish,  more  deejily  browid«h-red  and  lliiMlly  fadeN  Into 
a  brown  eolor.  Hemorrhagic  eenfers  niny  Inter  develop  which  persist 
for  condderable  lengths   of   tiro**,      Mhiifiin'li    miw    tio   •  '  on 

the  nraeous  taf'mbranPN  of  the  moiitli  and  pharynx  U  >  .  ant 
to  reraenber  (a  thing  wbl^b  Hhaftiit^k  poinlN  out  And  vvhlch  we  bavs 
eoBfiraed)  in  connwtbm  with  thr  dllfernntlal  diMgnrmU  between 
typinti  nd  parpiirs  birmorrbiiglea  that  In  the  pnrpnra  eruption 
thespoUare  hetnorrbagie  ftoin  the  begliitdng  and  are  more  sharply 
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defined  than  those  of  typhus.  Fresh  flea  bites  are  sometimes  hard 
to  distinguish  from  the  typhus  eruption. 

The  heart  is  usually  rapid  and  may  become  irregular.  The  blood 
pressure  is  apt  to  be  low  and  Shattuck  believes  that  myocardial 
weakness  often  occurs.  Epistaxis  may  occur  at  the  height  of  the 
disease.  Bronchitis  often  occurs  during  the  later  stages,  and  cough 
is  almost  regularly  present.  Nervous  symptoms  of  various  kinds 
are  important  accompaniments  of  the  disease.  In  many  cases  a 
state  of  lethargy  resembling  that  of  typhoid  fever  is  present.  There 
may  be  twitching  of  the  muscles  during  this  stage  of  stupor. 
Delirium  occurs  in  severe  cases. 

The  leucocytes,  as  worked  out  by  Sellards,^  are  rarely  increased 
in  number,  ranging  in  number  from  3,000  to  15,000,  the  average 
being  between  5,000  and  7,000.  Differential  counts  show  ap- 
proximately normal  percentages. 

The  most  common  complications  are  parotitis,  suppurative  otitis 
and  mastoiditis,  and  a  peculiar  gangrene  of  the  extremities,  es- 
pecially of  the  feet,  which  is  particularly  associated  with  cases 
occurring  during  the  cold  weather.  This  gangrene  is  characteristic 
of  the  disease  and  is  probably  associated  with  the  vascular  changes 
incident  to  the  localization  of  the  virus.  Bronchitis  is  almost  a 
regular  complication.  Albuminuria  is  present,  and  the  urine  gives 
a  Diazo  reaction. 

For  a  thorough  discussion  of  the  pathology  of  the  disease  we 
refer  the  reader  to  Wolbach's  Harvey  Lecture.  (Series  1920-1921, 
New  York  Harvey  Society.) 

Epidemiology. — Hirsch*  in  his  Handbook  of  Geographical  and 
Historical  Pathology,  associated  typhus  fever  with  the  dark  days 
of  the  history  of  the  world,  war  and  famine.  Typhus  fever  epidemics 
have  probably  decimated  populations  and  armies  far  back  into  the 
history  of  the  Middle  Ages,  and  probably  before.  An  epidemic  of 
what  is  probably  typhus  fever  was  spoken  of  in  the  Chronicles  of 
JoinviUe  as  almost  destroying  the  Christian  Armies  near  Salonika. 
Great  epidemics  ravaged  Central  and  Eastern  Europe  in  the  Eigh- 
teenth Century,  and  the  disease  was  prevalent  in  England  and 
Ireland  at  this  time.    Epidemics  occurred  in  Northern  England  and 

'SellardB,  Typhus  Fever,  etc.,  In  the  Serbian  Epidemic,  Red  Crou  Bepoit, 
Harvard  Univ.  Frew,  1920. 

*Hir$ch,  Sydenhom  Society  Publication,  London,  1888. 
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in  Dublin  in  the  Nineteenth  Century,  and  Strong*  states  that  in 
Dublin  atone,  in  the  epidemic  of  1846,  60,000  people  died  of  the 
disease.  In  Mesdco  the  disease  has  been  endemic  since  the  early 
part  of  the  Sixteenth  C!entury,  and  here,  as  in  South  America,  it 
is  known  as  Tabardillo. 

Hirseh  states  (we  quote  from  Strong),  that  of  147  epidemics 
which  occurred  in  temperate  and  cold  latitudes,  30  reached  their 
heights  in  the  spring.  28  in  the  winter  and  spring,  21  in  the  spring 
and  summer,  and  19  in  the  summer  and  autumn.  As  a  matter  of 
fact,  the  disease  is  one  of  relatively  cold  climates  and  elevated 
plateau  countries.  Nevertheh»ss,  it  is  also  endemic  in  such  places 
as  the  North  of  Africa,  where  Nicolle*  made  his  important  dis- 
coveries. In  some  large  cities  of  countries  that  are  not  ordinarily 
visited  by  typhus  epidemics,  the  disease  has  remained  endemically 
prevalent  among  those  parts  of  the  population  living  under  unclean 
conditions.  This  is  the  case  in  New  York  where  the  disease  has  been 
prevalent  in  a  mild  form  for  a  great  many  years. 

Traiismi^siun  is,  as  far  as  we  know  at  the  present  time,  entirely 
by  the  agency  of  lice.  The  idea  that  lice  were  concerned  in  the 
disease  is  not  a  new  one.  We  find  in  Strong's  study  <»f  the  literature 
that  Murchison  suggested  it  in  1876.  Cortezo  made  a  similar  state- 
ment in  1903,  basing  the  opinion  purely  on  clinical  observation. 
The  matter  was  not  settled  until  11*09  when  Nicolle  proved  louse 
transmission  by  infecting  a  chimpanzee  with  typluis  blood  and  sub- 
sequently shoAving  that  the  disease  could  be  transmitted  to  monkeys 
by  the  bites  of  infected  body  lice,  as  well.  This  important  result 
was  confirmed  in  1911  hy  Kickctts  and  Wilder*  in  Mexico,  and  in 
the  same  year  by  Anderson  and  Goldberger*  of  the  United  States 
Public  Health  Ser\ncc.  Since  that  time  many  confirmatory  observa- 
tions have  been  made. 

Whether  or  not  other  methods  of  transmission  are  possible  is 
still  somewhat  in  doubt.     It  is  of  course  certain  that  direct  trans- 

I mission  of  blood  from  an  infected  case  can  cause  the  disease,  and 
*  strong,  Typhim  FrT»r,  etc.,  Rep.  Red  CroB»,  Serbian  Epidemic,  Hair.  ITblT. 
Press,  19S0. 
*  Nicotic,  Compt.  rriid.  AcaU.  d.  3c.   1909,   157,  Aim.  de  I'lnit.  Post,   1910, 
1911,  IDIS. 
*Ilickftu  Kud  Witdtr,  Jonr.  Infee.  Din.,  July,  191],  p.  9. 
^  Andfrxon  nod  Gtttiherper,  Pub.  Health  Bep.,  Wuhington,  March,   1912  and 
Mar  31,  1912. 
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autopsy  infectious  have  been  observed,  but  this  mode  of  transniiftsion 
can,  of  (bourse,  play  no  r61e  of  iniportiinee  in  epidemic  trauMiiiiasiou. 
it  was  sUKpGcted  for  a  llmt^  that  tho  sputum  of  typhus  cohis  during 
the  stafi^  of  broncliitis  might  prove  infectious  and  doctors  and  numes 
in  .Serbia  for  a  time  wore  niasks.  Hut  no  clear  evidence  of  any 
such  a<*cident  has  been  brought  to  our  ktutwlodtirv,  and  as  far  as 
we  kno>r  at  the  present  time  the  louse  is  the  only  important  means 
by  which  the  disf-aHc  is  conveyed.  Indeed,  our  own  cxperictK'es  witli 
lice  would  persuade  us  that  it  w  vi^ry  ditfieult  to  uUsohUely  exclude 
the  bite  of  a  louse  in  an  infected  ease,  for  lice  may  lodge  on  the 
body  in  spite  of  the  most  rigid  precautions  and  the  bite  of  a  louse 
may  be  entirely  painless  and  without  noticeable  reaction  in  many 
individuals. 

There  has  been  a  considerable  amount  of  discuHsion  as  tn  wlielhcr 
the  headlitUNe  can  transmit  the  disease  as  well  as  the  body  louw. 
Qoldberger  and  Anderson  at  one  time  Mieved  this  to  be  the  ease, 
but  there  is  still  much  uncertainty  about  it,  and  tlie  wt'ight  of 
evidence  seems  to  be  against  it.  As  a  matter  of  fact,  in  individuals 
who  are  sufficiently  lousy,  specimens  of  the  body  louse  variety  m^y 
be  found  in  the  hair  of  the  head,  neck  and  beard,  on  occasion. 

These  facts  explain  clearly  why  typhus  epidemics  occur  under 
oonditiona  of  crowding,  poverty  and  war;  why  they  spread  so  easily 
from  patient  to  doctor,  and  why  they  occur  chiefly  in  cold  countries 
at  times  of  the  year  when  human  beings  arc  less  apt  to  batl»e  and 
keep  clean  and  more  likely  to  live  close  togiHher  in  crowded  quarters 
for  the  sake  of  warmth.  The  louse,  also,  is  not  a  tropical  insect, 
but  thrives  particularly  in  the  cooler  countries.  In  Mexico,  for 
instance,  as  Ricketts  and  Wilder  found,  there  was  little  or  no  typhns 
fever  in  the  lowlands  near  the  coast  where  Hoe  were  less  common 
than  fleas,  but  typhus  was  most  prevalent  on  the  cooler  plateau 
country  al>out  the  Pity  of  Mexico,  where  the  population  was  much 
more  commonly  infested  with  lice. 

The  Serbian  epidemic  of  1915  was  so  severe  that  it  interfered 
materially  with  military  activities,  and  it  was  probably  becau.Hc  of 
the  epidemic  that  the  Austrian  Armies  delayed  their  second  attack 
upon  Serbia.  A  detailed  description  of  this  epidemic  is  found  in 
the  article  by  Strong  in  the  Red  Cross  Report  referred  to  above. 
Typh\is  appeared  in  the  Serbian  Army  in  October  and  November 
of  1914.  and  it  is  said  by  Strong  to  have  l>een  introduced  from 
Albania.    It  is  also  believed  that  typhus  was  present  in  the  Austiia 


TYPHUS  FEVER,  TRENCH  FEVER,  ETC.  939 

Army  during  its  first  invasion  of  Serbia,  and  there  may  well  have 
been  endemic  cases  in  Serbia  before  the  invasion.  After  the  Aus- 
trian repulse  of  the  late  summer  of  1914,  typhus  broke  out  among 
Austrian  prisoners  and  Serbian  soldiers.  Owing  to  the  fighting  in 
the  north  the  Serbian  civilian  population  was  forced  southward 
and  conditions  of  personal  hygiene,  housing,  etc.,  were  made  par- 
ticularly difficult.  There  was  insufficient  shelter,  and  the  cold 
autumn  weather,  the  lack  of  clothing,  etc.,  brought  about  conditions 
of  crowding  and  a  tendency  to  remain  close  in  quarters  and  wear 
whatever  clothes  the  people  had,  without  changing  for  long  periods 
at  a  time.  Filth  and  lousiness  naturally  resulted,  and  ideal  condi- 
tions for  typhus  dissemination  were  created.  In  addition  to  this,  short- 
age of  food  and  the  hardships  attendant  upon  the  general  conditions 
reduced  resistance.  It  is  natural  that  under  the  circumstances  very 
little  was  done  at  the  beginning  of  the  outbreak  to  circumscribe 
the  disease,  and  it  is  doubtful  whether  this  would  have  been  possible. 
By  January  of  1915  the  epidemic  had  begun  to  spread  throughout 
the  country  from  that  period  on,  and  reached  its  height  in  March 
and  April.  According  to  Strong,  at  the  height  of  the  epidemic 
cases  were  appearing  at  the  rate  of  9,000  a  day.  It  is  estimated 
that  the  mortality  at  the  height  of  the  epidemic  ranged  between 
30  and  60  per  cent,  and  that  150,000  deaths  occurred  within  six 
months. 

Aniyndl  Transmission. — One  of  the  most  important  steps  of  course 
in  etiological  study  of  an  infectious  disease  is  the  production  of  the 
disease  in  animals.  In  the  case  of  typhus  this  was  first  accomplished 
by  Nicolle. 

In  1909  NicoUe^  successfully  inoculated  an  anthropoid  ape,  and 
Anderson  and  Goldbergcr"  in  the  same  year  succeeded  in  inoculating 
lower  monkeys,  rhesus  and  capuchin.  Similar  successful  monkey 
inoculations  were  made  by  Ricketts  and  Wilder,'**  by  Gavino  and 
Girard."    In  these  animals  inoculation  with  blood  from  active  cases 


*NicotUf  Compt.  rend.  Acad.  d.  8c.,  1909,  p.  157;  Ann.  de  Tinst,  Past.,  1910, 
1911,  1912. 

*Ander»on  and  Ooldherger,  Jour.  A.  M.  A.,  1912,  p.  49;  Jour.  Med.  Res.,  1910, 
p.  469;  N.  Y.  Med.  Jour.,  1912,  p.  976. 

*'Bick€tU  and  Wilder,  Jour.  A.  M.  A.,  Feb.,  1910,  p.  463;  ibid.,  AprU  16, 
1910,  p.  1304;  ibid.,  April  23,  1910,  p.  1.^73;  ibid.,  July  23,  1910,  p.  309; 
Wilder,  Jour,  of  Inf.  Dis.,  vol.  9,  1911. 

"  Oavino  and  Oirard,  cited  from  Anderson  and  Goldberger. 
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is  followed  by  a  rapid  rise  of  temperature  after  an  incubation  time 
of  five  days  or  more,  and  the  fever  remains  high  for  three  to  five 
days,  after  which  it  comes  down  by  lysis.  Occasional  recrudescences 
have  been  noticed  in  monkeys.  Goldberger  and  Anderson  have  had 
a  mortality  of  2  per  cent  in  their  monkeys.  The  disease  may  be 
transmitted  from  monkey  to  monkey  with  the  blood,  which  is  in- 
fectious during  the  febrile  period  and  may  be  so  for  as  long  as 
thirty-two  hours  after  the  temperature  returns  to  normal. 

The  first  successful  transmission  of  the  disease  to  guinea-pigs 
was  accomplished  by  Ricketts  and  Wilder.  In  these  animals  the 
only  s3rmptoms  are  fever,  a  matter  which  has  made  experimentation 
with  these  animals  relatively  difficult.  According  to  Nicolle,  guinea- 
pig  inoculation  may  occasionally  result  in  no  symptoms  at  all,  and 
yet  blood  of  such  animals  may  produce  the  fever  reaction  in  others 
inoculated  with  it.  There  seems  to  be  a  considerable  difference  in 
the  degree  of  susceptibility  in  guinea-pigs.  Anderson  foimd  about 
44  i>er  cent  of  his  guinea-pigs  resistant  in  the  first  generation  of 
transmission  from  the  typhus  patient.  Da  Rocha-Lima  believes  that 
about  80  to  90  per  cent  of  young  guinea-pigs  weighing  not  more 
than  300  grams,  will  usually  be  found  susceptible.  The  typical  reac- 
tion to  guinea-pigs  is  a  rise  of  two  or  three  degrees  of  temperature 
on  the  sixth,  seventh  or  eighth  days. 

Although  ordinary  observation  shows  only  the  fever  reaction 
in  guinea-pigs,  it  has  been  lately  claimed  by  Lowy^'  that  careful 
inspection  of  the  inner  surface  of  the  skin  of  guinea-pigs  may  reveal 
small  hemorrhagic  spots,  not  unlike  the  typhus  eruptions  in  human 
beings. 

Etiology. — The  disease  was  at  first  suspected  to  be  caused  by 
a  filtrable  virus,  an  opinion  which  is  still  held  by  some  observers. 
Most  workers  agree  to-day,  especially  because  of  the  work  of  Ander- 
son and  Goldberger,  that  filtered  blood  will  not  convey  the  disease, 
and,  although  Nicolle,  Conor  and  Conseil,  Ricketts  and  Wilder,  and 
others  have  reported  that  occasionally  inoculation  with  filtered  blood 
renders  monkeys  refractory  to  later  inoculation,  it  is  generally 
believed  at  present  that  the  disease  is  caused  by  some  agent  too 
large  to  pass  through  the  Berkefeld  or  Chamberland  filters. 

Work  on  the  etiology  of  typhus  has  been  very  extensive  and 
many  microorganisms  have  been  described. 

"Lihoy,  Wien.  kiis.  Wocb.,  18,  1»16.      * 
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Rieketts  and  Wilder  saw  short  bacilli  in  smear  prepaiationfl,  bot  were  not 
able  to  cultivate  them.  Rabinovitch"  described  a  Gram-positive  diplo-baciilus, 
cultivated  from  cases  of  an  epidemic  in  KieS,  and  with  antigens  prepared 
from  this  organism,  he  obtained  complement-fixation  and  agglutination. 
Fiirth  studied  an  epidemic  in  China  and  obtained  short,  plump  rods  which 
grew  aerobically  in  short  chains.  P.  Th.  Muller  saw  a  diplo-bacillus  upon 
which  he  did  not  lay  much  stress  etiologically,  and  Prowezek  described  inclu- 
sions in  leucocytes  which  he  regarded  as  protozoa.  It  is  hardly  worth  while 
at  the  present  time  to  describe  in  detail  the  many  different  findings  that 
have  been  reported,  since  in  few  of  them  is  there  sufficient  evidence  to  enable 
us  to  come  to  conclusions. 

In  1914  Plotz^^  described  a  short  Gram-positive  bacillus  which  he  obtained 
by  anaerobic  cultivation,  with  considerable  regularity,  from  cases  of  Brill's 
disease  at  the  Mt.  Sinai  Hospitf.l,  New  York,  and  which  since  then  has  been 
made  the  subject  of  considerable  study  by  Plotz,  Olitsky,  and  Baehr.'"*  They 
have  obtained  the  bacillus  again  and  again,  have  succeeded  in  obtaining 
positive  agglutinations  and  complement-fixation  in  the  blood  of  endemic 
typhus  cases  after  the  crisis  and  have  obtained  a  similar  bacillus  from  a 
number  of  European  tjrphns  cases  which  have  come  into  quarantine. 

The  method  of  cultivation  by  which  this  bacillus  is  grown  is  relatively 
simple,  consisting  of  taking  blood  directly  from  a  vein  into  high  tubes 
containing  glucose  agar  and  unheated  and  nnfiltered  ascitic  fluid  of  a  specific 
gravity  not  less  than  10.15. 

The  American  Red  Cross  Commission  which  went  to  Siberia  during  the 
last  typhus  epidemic — and  of  which  the  writer  was  a  member — attempted 
to  work  along  the  lines  liud  down  by  Plotz  but  found  it  extremely  difficult 
to  do  systematic  work  and  obtain  reliable  materials  under  the  conditions 
then  existing.  The  undersigned  obtained  an  organism  very  similar  to  the 
Plotz  bacillus  by  Plotz's  method  in  two  eases.  In  the  first  of  these  the 
organism  could  not  be  carried  further  than  the  second  generation,  and  in 
the  second  it  did  not  reach  America  alive.  Hopkins  obtained  a  similar 
organism  later  toward  the  end  of  the  epidemic.  However,  these  organisms 
were  found  so  rarely  that  we  were  forced  to  the  conclusion  that  these  isolated 
findings,  though  pointing  somewhat  in  favor  of  Plotz's  organism,  did  not 
establish  proof. 

Petruschky^"  has  recently  cultivated  a  similar  but  aerobic  bacillus  from 
sputum  in  typhus  cases  and  Amheim^^  has  aerobically  cultivated  an  organism 
which  in  appearance  and  staining  properties  is  not  unlike  the  Plotz  bacillus. 

^Sdbinoviich,  Centralbk.  Bakt.  Orig.,  1909,  lii.  Arch,  f.  Hyg.,  1909. 

«Ptote,  Jour,  of  A.  M.  A.,  Ixii,  20,  p.  14. 

"  Plot0,  OHtslcy  and  Baehr,  Jour,  of  Inf.  Dis.,  zvii,  1916,  p.  1. 

^Petnuchky,  Centralbk.  t.  Bakt.,  Ixxv,  2915,  p.  497. 

"  Arriheim,  D.  Med.  Woch.,  36,  1916,  p.  1060. 
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Amfaeim  obtained  bis  organism  froiu  six  cases,  on  ascitic  Afrnr  platen,  on 
which  OD  the  ilrst  cultures  titerc  appeared  a  growth  liordiy  visible  lu  the 
imki'd  nyo  and  whi^h  in  transplants  rontinued  to  gn>w  vitv  delii'utely.  He 
states  his  organism  xa  not  iinliko  Hint  of  I'etfusvtiky  aud  bv  obtaiued  it  out 
of  the  blood,  the  sputum  and  the  urine  of  typhus  cnst's. 

A  serious  objection  to  the  acceptance  of  Ihe  Plot/.  bacilluR  is  that, 
despite  the  fact  that  a  great  many  workers  have  hvon  studying  this 
disease  during  the  last  few  years,  the  microorganisms  which  have 
been  described  have  not  been  similar  one  with  the  otiier,  and  the 
fact  that  Plotz  organism  seems  to  lose  its  virulenoe  imnie<liately  upon 
artifieial  cultivation.  Also  according  tfi  Andei-sou,  active  ijuinuniza- 
tiou  with  the  Plotz  bacillus  does  not  render  guinea-pigs  refractory  to 
virus  inoculation. 

Careful  experiments  at  the  Washington  Hygienic  Laboratory  also  have 
shown  that  the  inoculation  of  largo  amounts  of  living  Plotz  organisms  will 
neither  injure  nor  inimunize  guinea-pips  or  monkeys,  whereas  a  single  injec- 
tion of  typhus  blood,  after  causing  the  typical  curve,  leaves  these  animals 
refractory  to  further  inorulatiuu. 

lu  the  course  of  the  war  a  i^ieat  deal  of  further  etiological  research  was 
dene  on  typhus  incidental  to  which,  naturally,  renewed  search  for  bacterial 
causative  agents  was  made.  Outschlieh*^  in  reviewing  this  work  linds  that 
only  two  other  investigators,  Panoth  and  PopotT,  fouiul  organihuis  .similar 
to  the  Plutz  bacil]ii9.  GotschUch  bt^lieves,  as  we  do,  that  the  etiological 
relntionsliip  of  the  Plotz  bacillus  has  by  no  meann  been  proven  and  is  unlikely. 
The  indirect  evidence  adduced  by  Plotz  aud  bis  associates  with  agj^luti nation 
reactions,  etc.,  has  lost  a  sreat  deal  of  its  value  in  view  of  the  more  recent 
work  done  on  the  Weil-Felix  reaction  in  which  a  species  of  proteus  is 
agglutinated  with  considerable  regularity  by  typhus  blood. 

It  is  quite  impossible  to  review  completely  the  enormous  bac- 
terioiogieal  literature  that  ha«  grown  up  about  claims  of  causative 
relationship  for  many  isolated  orgimisnis.  In  none  of  them  could 
absolute  proof  be  adduced  and  such  claims  seem  to  become  less 
and  less  important  as  we  follow  the  more  recent  developments 
concerning  the  so-called  Rickettsia  bodies. 

In  1909  Ricketts***  saw  small  bacillus-like  bodies  in  the  blood 
of  guinea-pigs  he  had  infected  with  Rocky  Mountain  Spotted  Fever, 

»  Oolj«cA/irfc,  Erg.  d.  Hyg.  Bakt..  Berlin,  245,  1917. 
*  MicketU,  Medical  Bccord,  76,  1900,  842. 


'n'PHlIS  FEVER,  TRENCH   FEVER,   ETTC. 


943 


and  when  in  1910  lie  studied  typhus  in  Mexico,  he  found  similai' 
ahort  baeillus-likt  forms  in  the  blood  of  typhus  fever  casos.  They 
were  extremely  amah  and  stained  well  only  with  Gienisa.  In  1910, 
also.  Ga\-in  and  Girard***  saw  similar  bodies  in  the  blood  of  typhus 
east's  in  Mexico.  Prowazek'*  working  in  Si-rbin  in  1910,  also  studied 
the  blood  of  typhuH  fever  cases  and  saw,  within  leucocytes,  many 
small  rod  shaped  bodies,  not  unlike  those  desciihed  by  Rieketts  and 
Wilder  and  by  Gavin  and  Girard.  In  1914  Hergent,  Foley  and 
Vialatto'^  observed  similar  bodies  in  lice  taken  fi*om  typhus  infected 
l)eople»  and  this  was  confirmed  by  NieoUe.  Blane  and  Conseil." 

A  coiwiderable  number  of  similar  ol>servations  were  made 
by  other  workers  and  a  very  thorough  study  was  published  in  1916 
by  da  Roeha-Liraa.**  D^  Rocha-Lima  found  these  smalt  bodies  in 
the  contents  of  the  alimentary  canals  of  lice  which  had  fed  on 
typhus  fever  patients.  At  first  he  did  not  find  similar  bodies  in 
lice  fed  on  normal  people,  and  he  definitely  concluded  that  thoso 
''organisms"  were  etiologieally  related  to  the  disease  and  thought 
that  they  were  probably  proloxoa.  It  was  he  who  sugge^sted  that 
they  be  known  as  '* RicketUna-prowazeki"  in  honor  of  the  two  men 
who  had  died  in  the  study  of  the  disease.  Since  that  time  numerous 
investigations  have  been  published  by  da  Rocha-Lima,  Toepfer** 
and  others.  Among  the  most  important  investigations  that  have 
followed  are  those  of  Brurapt.*"  Brumpt  obtained  evidence  that 
Rickettsia-like  bodies  could  be  found  in  li<'e  taken  from  healthy 
individuals  and  that  these  organisms  could  remain  in  lice  throughout 
the  entire  life  of  the  louse,  while  the  typhus  virus  did  not  seem 
to  be  active  in  the  lice  for  longer  than  about  eight  or  nine  days. 
Arkwright,  Ba<fOt  and  Duncan*^  using  lice  bred  from  a  clean  stock 
and  working  with  trench  fever,  showed  that  Riekett.sia-like  bodies 
could  be  found  in  tht-  lice  after  feeding  on  trench  fever  patients. 
Strung  has  tabulated  on  pages  77  to  80  of  the  Red  Cross  Report 
referred  to  above,  all  ti»e  various  observations  that  have  been  made 
upon  liiekellhia-like  iMjdies  in  lice  in  connection  with  various  dis- 


^Oavin  nml  flirard.  Hull,  do  Tlnst.  Pnat.,  8,  1910,  841. 

"  Prowfurk. 

*'Sfirffpnl,  frt/fv  Hn«l   t'wUilte,  Comirt.  rend,  de  In  8«.  Biol.,  77,  1914,  101. 

^ Nicutli\  Hluue  roiil  tUmAfU,  (fompt.  rwnl.  i\e  In  Apftd.  rle  Spiftncofl.  159,  1914. 

"t/a  Uocha  Umu,  IUmI.  kliu.  W.ioli..  til,  HH6,  nnd  Miin^-h.  mod.  Woch.,  3fi.  1916. 

^Toep/rr,  lirrl.  kltii.  Wnili..  M\,   \\i\6,  32a.  »»d  Med.  Klinik,  1.1,  1917,  678. 

**/?r(im/*f,  (|Uiih'd   fnmi  Hlntny.   lo(»,  fit. 

^  Ark-tvrishi,  Bacot  iiud  Dutnan,  Proc,  Koy.  »oc.  Med.,  13,  1919,  23, 
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eases.  It  appears  from  this  literature  that  Rickettsia-like  micro- 
organisms may  be  present  in  lice  fed  upon  Iiealthy  people,  as  well 
as  in  lice  fed  upon  typhus  cases,  upon  trench  fever  and  upon  healthy 
individuals.  Recent  and  important  invesliKfltions  by  Wolbach.  Todd 
and  collaborators  seem  to  show  that  all  these  observations  are 
correct,  but  that  it  is  likely  that  the  R.  prowazeki  associated  by 
da  Roeiia-Lima  with  typhus  differs  materially  from  some  of  the 
other  Rickettsia  bodies. 

All  this  elaborate  work  leaves  us  still  considerably  in  the  dark. 
It  is  not  at  all  conclusively  definite  that  the  Rickettsia  bodies  aro 
microorganisms,  but  those  who  have  studied  them  most  carefully 
seem  to  feel  reasonably  sure  that  they  are.  Since  the  organisms 
cannot  bo  cultivated,  positive  differentiation  between  the  various 
observed  forms  is  not  possible.  The  finding,  however,  of  similar 
appearances  iu  the  blood  of  typhus  patients  and  in  tissue  sections 
gives  a  certain  amount  of  basis  for  tentative  etiologicftl  suggestions. 
Ill  a  separate  section  taken  largely  from  \Volhaeh*H  deseription,  wo 
have  given  the  general  characterization  of  Rickettsia  bodies  as  a 
olass.  The  R.  prowazeki  of  da  Rocha-Lima,  like  the  others,  is  very 
small,  being  rarely  more  than  two  micra  in  length,  and  often  much 
less,  is  non-molile,  is  hard  to  stain,  gives  a  reddish-blue  color  with 
Giemsa  and  is  found  intracellularly  particularly  in  the  gastric  and 
intestinal  epithelium  of  the  louse.  hi  typhus  patients  we  have 
already  mentioned  the  similar  l)odies  seen  by  Rieketts  and  Wilder 
in  the  blood,  and  Prowazek  found  similar  bodies  within  the  leu- 
cocytes of  typhus  blood.  This  has  been  confirmed  by  Lipschutz 
and  others. 

Attempts  to  identify  the  Plotz  bacillus  and  other  organisms  with 
the  Riekettsia  do  not  seem  logical  at  the  present  time  since  the 
Plotz  bacillus  can  be  cultivated  with  relative  ease,  while  Rickettsia 
bodies  cannot  be  cultivated.  It  is  very  difficult  to  stain  them,  and 
they  decolorize  by  Gram.  The  painstaking  work  of  Wolbach,  Todd 
and  their  associates  is  not  yet  published.  It  T»\ili  be  very  shortly 
published,  however,  in  Wolbach 's  Harvey  Lectxire  and  the  reader 
is  referred  to  this  article. 

Prevention  of  Typhus  Fever,— From  what  has  been  said  above, 
it  is  plain  that  the  prevention  of  typhus  fever  must  be  centered 
chiefly  upon  dclousing,  both  of  patients  and  of  the  population  as 
a  whole.  Delonsing  methods  will  be  dealt  \v\\\i  in  speaking  of  the 
general  prevention  of  louse-borne  diseases  at  the  end  of  this  section. 
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Tmrnnnity. — A  sJnglo  attack  of  typhus  fever  seems  to  protect 
j>ermauently.  Monko.vs  and  guinea-pigs  that  have  once  passed 
through  the  febrile  reaction  are  thereafter  refractoiy. 

Prophylactic  vaccines  made  from  various  bacteria  isolated  from 
typhus  cases  liave  not  in  our  opinion  given  convincing  proof  of 
success.  Attempts  to  immunize  propliylactically  with  inactivated 
typhus  hloiid  have  not  so  far  had  Kufficimt  test.  Specific  therapy 
with  the  senun  of  convalescents  attempted  by  Nicolle  and  others 
have  not  yet  borne  aufiBcient  fruit  to  warrant  very  much  hope. 

Hie  Weil-Pelix  Reaction. — Tliis  reaction  is  of  peculiar  interest 
in  that  it  represents  a  diagnostic  serum  reaction  in  typhus  with  an 
organism  which  quite  surely  has  no  etiological  relationship  to  the 
disease.  It  was  first  described  by  Weil  and  Felix"  in  1916,  after 
isolation,  from  the  urine  of  a  ease  of  typhus  fever,  of  an  organism 
which  agglutinated  in  the  serum  of  the  patient  in  a  dilution  of 
1 :200.  The  organism  apparently  belonged  to  the  proteus  type  and 
was  designated  by  them  as  '*ProteiLS  Xj."  P\u"ther  study  with  it 
showed  that  similar  cases  also  agglutinated  this  organism.  Later 
another  bacillus  X,9,  very  similar  to  the  first  one,  was  isolated  from 
another  case. 

The  organism  is  a  Gram -negative,  motile  bacillus  which  ferments 
glucose  and  lactose,  coagulates  milk  with  acid  formation,  liquefies 
gelatin  and  in  colony  appearance  resembles  the  proteus  group. 
Hengston"  of  the  United  States  Public  Health  Ser^'ice  has  studied 
the  two  organisms  ('^X/*  and  "X,/*  of  Weil  and  Felix)  bac- 
teriologically,  and  has  compared  them  to  laboratory  cultures  of 
proteus.  She  found  that  they  were  very  slow  gelatin  liquefiers, 
that  they  were  extremely  slow  in  digesting  coagulated  blood  serum, 
but  that  they  did  not  ferment  lactose.  In  this,  the  organisms  of 
"Weil  and  PVlix  which  she  studied  resembled  one  reported  by  Fair- 
ley.*"  Agglutination  reactions,  against  proteus  sera  produced  with 
other  strains,  were  in  some  eases  active  against  these  strains,  and 
conversely  sera  |>rmluced  with  the  Weil-Felix  strains  were  more  active 
against  some  other  proteus  organisms. 

Apparently  the  agglutination  of  proteus  **X"  straioa  is  of  dis- 
tinct value  in  typhus  diagnosis.  Fairley  observed  positive  agglutina- 
tion of  these  organisms  in  97  per  cent  of  the  typhus  sera  wnich 


Weil  and  Feiia,  Wien.  Uin.  Woch^  No.  2,  1916. 
Bengxton,  Jour.  lofw.  DU^  24.  1919.  428. 
Faxrlry,  Jour,  of  Hyg..  IS,  1919,  20.1. 
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he  examined.  He  never  obtained  agglutination  with  the  blood  of 
Don-typhus  cases,  using  dilutions  ot*  1 :20  in  all  the  tests.  Weil 
and  Felix  found  that  almost  all  their  clinically  typical  typhus  cases 
agglutinated  this  organism,  whereas  very  fcM'  sera  of  non-typhus 
patients  and  nu  normal  sera  showed  agglutination  in  dilutions  of 
1:25.  Pairley  reported  that  of  thirty-five  cases  examined  during  the 
febrile  stage,  all  agglutinated  the  organisms  in  dilutions  of  1:20 
and  1:1200  after  tlie  filth  day  and  throughout  the  second  week. 

The  test  is  carried  out  by  growing  the  organisms  on  agar,  sus- 
pending tliem  in  salt  solution  and  testing  with  dilutions  of  1 :25  and 
]  ;50  of  the  serum  of  suspi.H:ted  ea>*es.  The  agglutination  liter  in 
true  typhus  eases  may  rise  as  high  as  1 :200  or  higher  by  the  end 
of  the  second  week.  Bengston  states  that  in  one  test  made  on  a 
typhus  case  tliere  was  complete  agglutination  of  the  Weil-Felix 
organisms  in  dilutou  of  1 :400,  while  cultures  of  the  Kawlings  typhoid 
and  of  Proteus  vulgaris  were  not  agglutinated  in  dilutions  of  1:50. 

The  explanation  of  this  reaction  is  doulittul.  It  may  1m'  assumed 
quite  definitely  that  this  organism  has  no  etiological  relationship 
to  typhus.  It  is  possible  that  in  typhus  fever  secondary,  non-specific 
agglutinating  antibodies  for  a  variety  of  organisms  may  Ix'  present. 
We  need  only  call  attention  to  the  antibody  reactions  carried  out 
with  the  PlotK  bacillus  and  with  some  of  the  other  orgaiusms  for 
whicii  etiological  relationship  has  been  claimed  in  this  connection- 
Ineidentally,  the  Weil-Felix  reaction  adds  to  our  scepticism  about 
Plotz*s  claims. 

TRENCH  FEVER   (WOLHYNIAN   FEVER) 

In  1919  there  appeared  among  the  Armies  at  the  front  a 
which  did  not  clinically  resemble  the  ortlinary  well-known 
diseases.  Cases  of  this  condition  were  seen  among  British 
by  Graham  and  Herringham^*  and  on  the  ricrmnn  front  in 
and  Wolhynia  similar  on»*s  were  described  by  His^"  and  by  W 
Apparently  the  disease  had  been  noticed  bv  (tratzer 


1914.    Cases  appeared  in  enormous  numbers  and  because  the 

**  Graham,  Lancot.  2.  Iftl5,  70.1;  BerrinQkam,  Lancet,  0,  1016,  429. 
"T/w.   Hcrl.  klin.  Woch..  53,   11*16,   ;;W. 
•HVrHtf,  Muneb.  Med.  Wuch.,  63,  402.  lOlfl. 
•"Oraiecr^  Wien.  Win.  Woch.,  29,  2»5,  191fi. 
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s*vmcd  to  arise  almost  entirely  from  tbe  front  areas  was  spoken  of 
as  Tnnck  fever. 

The  Disease. — Work  on  the  clinical  differentiation  of  the  discaso 
was  done  by  a  j^reat  many  army  surgeons.  An  accurate  report  was 
made  by  McNee,  Brunt  and  ReiLshaw,^^  by  a  number  of  German 
workers,  and  finally  by  a  British  and  by  an  American  commission, 
the  American  group  organized  imder  Strong,  and  including  as 
clinician  Homer  Swift.  In  a  Harvey  Lecture  by  S^vift"  printed  in 
the  Archives  of  Internal  Medicine,  July,  1920,  an  accurate  summary 
of  available  facts  concerning  this  disca-so  to  date  muy  be  found. 

The  disease  is  sudden  in  onset  with  fever,  headache  and  paiiis 
in  the  muscles.  The  onset  resembles  that  of  influenza.  In  a  few 
days,  pain  and  tenderness  of  thy  joints  appcai-s.  and  the  temperature 
shows  peculiar  remissions  which  Swift  characterizes  as  being  of  the 
"spiky'*  type. 

Characteristic  of  the  disease  are  the  bone  pains  which  arc  not 
accompanied  by  any  signs  of  inflammation.  There  may  be  eoiitinued 
hyperesthesia.  There  may  be  sensory  disturbances  with  increase  of 
the  tendon  reflexes.  The  fever  curves  are  very  irregular,  some  show- 
ing the  intermittent  *'8piky"  type  referred  to  above,  others  develop- 
ing the  t>'phoid-Iike  ladder  type.  Another  characteristic  is  the 
frequency  of  relapses,  in  which,  after  remissions  of  varying  intervals, 
a  second  rise  of  temperature  comes  on.  The  relapses  may  come  on 
after  weeks  or  months.  A  case  of  which  we  have  personal  knowledge 
has  developed  two  relapses  in  the  course  of  two  years  after  the 
original  attack.  In  other  eases  Swift  states  that  the  manifestations 
may  assume  a  subacute  or  chronic  form  with  low  grade  fever  which 
may  continue  for  months. 

Transmission  and  Etiology. — MeNee,  Brunt  siid  Renshaw,  in 
1916,  succeeded  in  transferring  the  disease  from  man  to  man  by 
intravenous  and  intramuscular  injections  of  whole  blood.  In  these 
early  experiments  they  found  that  the  plasma  if  entirely  free  from 
hemoglobin,  was  not  infectious,  but  that  the  red  cells  c^ontained  the 
virus  even  after  repeated  washings.  They  did  not  succeed  in  passing 
the  virus  through  a  Berkefeld  filter.  In  1917,  Werner,  whom  we 
quote  from  Swift,  allowed  himself  to  be  bitten  by  .lice  that  had 
previously  fed  on  trench  fever  patients,  and  is  said  to  have  con- 


^McS€f,  Brunt  and  BenAhaw,  Brit.  Med.  Juur.,  1,  lt>16,  295. 
"Swift,  Xnrvov  U'ctun*,  Harvoy  Wot'.,  New  York,  Jan.  10,  1920. 
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tracted  a  mild  form  of  the  disease.  A  similar  observation  was  made 
by  Kuczynski''  on  himself.  Da\-ie8  and  Weldou''  iu  the  same  year 
carried  out  a  similar  experiment,  allowing  themselves  to  be  bitten 
by  lice  immediately  after  the  lice  had  fed  on  trench  fever  patients, 
pne  of  them  developed  trench  fever  twelve  days  later.  A  similar 
expeiiment  on  a  volunteer  was  sutcessfully  made  by  Pappenheimer 
and  Mueller"  in  1917,  but  in  ci-iticising  all  tht?.se  i-xperimcntH  Swift 
believes  that  the  proof  brought  was  not  suflSciently  conclusive  be- 
cause of  inadequate  control.  In  1918  two  commissions  were  formed 
for  the  purpose  of  btud>*ing  the  disease.  The  American  commission 
was  aided  by  a  British  entomologist.  Captain  Peacock.  The  first 
result  of  these  investigations  was  that  MeXt^e's  observation  about 
transmission  with  whole  blood  was  confirmed,  but  it  was  found, 
in  contrast  to  McNee's  results,  that  the  plasma  as  well  as  the  red 
blood  cells  was  infectious.  It  seemed  that  the  blood  taken  as  early 
as  the  fourth  day  of  the  disease  was  more  infectious  than  that 
obtained  later.  Transmission  after  filtration  through  Berkefeld 
filters  did  not  succeed  at  first,  but  Swift  records  that  later,  when 
infiictious  urine  was  used,  filtration  was  successful.  It  was  found 
at  tliis  time  that,  as  wtii  as  the  blood,  the  urine  A  patients  is  also 
infectious. 

Careful  experiments  were  made  with  lice,  all  of  which  were 
reared  from  eggs  and  fed  on  normal  subjects,  and  the  non-infectious- 
aess  of  these  lice  was  proven  by  allowing  tht^m  to  feed  on  eleven 
different  uninfected  people.  Such  lice  were  allowed  to  feed  several 
times  on  trench  fever  patients  and  subsequently  allowed  to  feed 
on  twenty-three  volunteers,  78  per  cent  of  whom  developed  trench 
fever.  It  did  not  seem  necessary  for  the  lice  to  be  in  contact  with 
the  skin  wldle  feeding,  nor  was  it  necessary  to  produce  scarification. 
In  two  instances  the  mere  bite  of  the  louse  through  the  meshes 
of  gauze  covering  the  box  produced  tbe  disease.  The  in<'uhation 
time  in  these  louse  transmitted  eases,  varied  from  fourteen  to  thirty- 
eight  days,  the  average  being  twenty-one.  Meanwhile,  the  British 
commission  found  that  the  excreta  of  infected  liee  applied  to  scari- 
fied skin  could  also  produce  the  disease,  thus  showing  that  the 


^KHerymJH,  Roported  from  JiiTigipann,  Deut.  med.  Woeh.,  64,  1917,  359. 
'^Daviet  and   fVeldon,  I^nrct,  1.  1917,  183. 

^Pappenheimer  aud  Mueller,  Amev,   K«d  Cr«8s  Oommittoe  Beport,  Loodoo, 
1018,  Oxford  Press. 
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excrement  of  lice  that  have  bitten  trench  fever  patients  may  ba 
infectious  Avhen  it  comes  in  contact  with  lesiouB  on  the  skin. 
'  Byara**  showed  that  as  late  as  300  to  400  days  after  the  onset 
of  the  disease,  trench  fever  patients  can  still  infect  lice.  This  is  of 
great  impoi-tance  in  appraising  the  epidemiological  possibilities  of 
carriers.  Lice  could  also  be  infected  by  patients  during  the  periods 
of  remission. 

lioth  the  Hritish  and  the  American  commission  showed  that  the 
virus  is  probably  not  transmitted  tlirougli  tin-  eggs  of  the  louse. 
The  Rritish  commission  reported  that  the  lieadlou-se  can  transmit 
the  disease  through  its  excreta  in  the  same  way  as  the  body  louse- 
Other  insects,  however,  did  not  seem  to  carry  the  disease. 

As  to  the  causative  agent,  little  is  definitely  known.  Toepfer," 
da  Rocim-Lima*^  and  other  German  observers  who  have  studied 
Rickettsia  bodies  in  typhus  fever  were  encouraged  to  undertake 
similar  studies  in  connection  ^nth  trench  fever  Ix'cause  of  the 
similarity  of  the  means  of  conveyance  of  the  tAVo  diseases.  These 
observers,  as  well  as  Jungmann*"  succeeded  in  finding  Rickettsia 
bodies  in  the  intestines  of  lice  fed  on  trench  fever  patients.  Da 
Rocha-Lima  comparing  lice  that  had  bitten  individuals  who  did  not 
have  trench  fever  witli  those  fed  on  trench  fever  patients  found 
that  72  per  cent  of  the  insects  found  on  the  trencli  fever  patients 
showed  Rickettsia  bodies,  but  20  per  cent  of  those  fed  on  normal 
people  showed  similar  ones.  Arkwright.  Bacot  and  Duncan**  found* 
similar  Rickettsia  bodies  in  a  large  number  of  lice  that  had  fed 
several  times  on  sixty-four  trench  fever  patients.  They  found  the 
bodies  in  only  one  out  of  many  lots  of  insects  fed  on  normal  people. 
Their  experiments  seem  to  indicate  that  when  Rickettsia  bodies 
appear  in  the  excrement  of  lice  after  feeding,  these  excrements  were 
infectious. 

'  It  is  quite  clear  that  no  positive  conclusions  can  be  drawn, 
especially  in  view  of  the  frequent  finding  of  Riekettsia-like  bodies 
in  lice  that  liavc*  had  no  connection  with  this  disease.  The  clue 
furnished  by  the  finding  of  Rickettsia,  however,  must  be  followed, 


*'Syam,  et  al.,  Trench  Fevor,  Brit.  War  Office  Commit.  Bcp.,  Oxford  Press, 
1919;  Byam,  Proc.  Roy.  Soc.  Me<l.,  13.  1919,  19. 
"  Tocpfer,  Mnnch.  med.  Woph.,  63,  1916,  1496. 
"da  Koeha-Lima,  Miinch.  med,  Woch..  64,  1917. 
^Juntfmann,  Deot.  med.  Woch.,  64,  1917,  359. 
^Arkwright,  Bacot  and  I}un€an,  Proc.  B07.  Soo.  Med.,  18,  1919,  23. 
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since  the  possibilities  here  arc  the  only  ones  that  seem  to  show 
great  etiological  promise  at  the  present  time. 

Prevention  of  trench  fever,  like  the  prevention  of  typhus,  depends 
upon  delousing. 

ROCKY   MOUNTAIN    SPOTTED   FEVER 


Rocky  Mountain  .Spotti»d  Fever  is  a  disease  which  has  long 
existed  in  thu  United  States.  A  thorough  review  of  the  entire 
subject  has  been  made  Iiy  Wolbaeh**  who  states  that  authentic  eases 
were  reported  as  early  as  1873.  The  disease  has  been  pretty  well 
limited  to  the  mountainous  regions,  most  of  the  cases  being  reported 
from  Idaho  and  Montana. 

The  Disease. — The  on.sct  of  the  disease  is  usually  abrupt,  though 
occasionally  it  may  he  preceded  by  a  few  days  of  genera]  malaise. 
Jt  not  infrequently  begins  with  a  chill,  fi»Howcd  by  a  rapid  rise  of 
femperatnre  which  ri*aches  102°  or  104**.  The  temperature  may 
show  morning  remissions  M'ith  rises  of  one  or  two  degrees  in  the 
evening,  and  gradually  increasing,  reaching  its  height  during  the 
second  week.  On  the  third  or  fourlh  day  after  the  onset  of  the 
disease,  a  rash  appears  first  on  the  wrists,  ankles  and  back,  later 
upon  the  arms,  legs  and  chest,  extending  to  the  forehead  and 
abdomen.  It  is  always  least  marked  on  the  abdomen,  according 
to  Wolbach.  It  comes  out  in  the  coui*8e  of  about  thirty-six  hours 
find  may  also  involve  the  mucous  membranes  of  the  mouth  and 
pharyrrx.  The  temperature  remains  up  after  the  appearance  of  the 
rash.  The  rash  consists  of  Hltle  red  patelies  about  4  or  5  mm.  in 
diameter  which  at  first  disappear  on  pressure.  Like  the  typhus 
rash,  they  become  darker  red,  then  purplish  and  later  hemorrhage 
in  character.  Small  petechial  spots  may  appear  in  the  center.  They 
Jade  Into  pigmented  spots  later.  During  recovery  desquamation 
occurs. 

There  may  be  violent  nei'vous  symptoms.    The  blood  picture  is 
n<)t  altered  materially,  the  leucocytes  slightly  increase  in  number, 
but  the  differential  count  remains  approximately  normal. 
■    The  mortality  of  the  disease  as  estimated  from  various  sources 
by  Wolbach  for  1915  and  1916,  ranged  between  7  and  13  per  cent. 

The  incubation  time  seems  to  vary  between  three  and  nine  days. 


Wolbach,  Jour.  Med.  Boe.,  41,  1919,  X, 


'HPHITS  KEVER,  TRENCH  FEVER.  ETC, 


951 


Epidemiology.— The  distribution  of  the  diseaiso  follows  that  of 
the  wood  tif'k,  Dermacentor  veuuslus.  The  disease  occurs  in  Idaho, 
Montana,  N'evada,  "Wyoming,  ('alifornia,  Colorado  and  Washington. 
Wolbac'h  notes  that  the  diatnbution  of  cases  in  various  states  seeais 
to  he  restrieted  to  definite  loealities.  In  Idaho,  he  finds  that  the 
cases  are  particularly  frequent  in  the  Snake  Eiver  Valley  and  in 
Montana  in  the  Hitter  Root  Valley  where  there  seem  to  be  infeelious 
foei.     Seasonally  the  disease  oceurs  almost  entirely  in  the  spring. 

The  wood  tick  named  above  was  associated  with  the  disease  first 
by  Wilson  and  Chowning***  in  1902.  Ricketts  brought  proof  of  this 
in  1906,*'  showing  that  the  disease  could  be  produced  in  guinea-pigs 
by  allowing  wild  ticks  of  this  species  to  feed  upon  them.  McClintic" 
confirmed  this  and  liis  investigations  with  those  of  Ricktlts,  cen- 
tralized attention  upon  thus  particular  species,  the  Dermacentor 
venuxtuK.  Larvw,  fed  upon  infected  ticks,  remain  infective  into 
the  nymph  stage  and  the  nymph  once  infected  lemaius  infected  into 
the  adult  stage.  He  also  showed  that  eggs  from  infected  females 
would  produce  the  disease  when  injected  into  giunea-pigs  and  that 
both  male  and  female  ticks  would  transmit  it.  WolbachV*  inves- 
tigations have  confirmed  most  of  these  points. 

(tuinca-pigs  infected  by  ticks  develop  a  temperature  in  about 
three  to  seven  days.  Injected  with  blood  from  other  guinea-pigs, 
the  dlscaae  may  begin  at  the  end  of  forty-eight  hours.  Death,  which 
often  follows,  occurs  on  the  sixth  or  seventh  day.  As  the  disease 
progresses  there  is  swelling  and  reddening  of  the  skin  of  the  scrotum, 
loss  of  appetite  and  general  signs  of  illness.  There  may  be  redness 
and  swelling  of  the  eye-lids,  ears  and  paws,  and  ulcers  of  the  paws 
may  form.  On  autopsy,  there  may  be  edema  and  hemorrhages  of 
the  skin  and  suhcutaneons  tissues  of  the  scrotum,  ivtale  guinea-pigs 
show  the  disease  most  characteristically  hecause  of  the  scrotal  lesions. 
Ra}»bits  are  susceptible,  although  not  regularly  so.  Foot"  has 
studied  this  under  Wol bach's  direction.  When  it  does  oeeur 
in  lalibils,  the  di.seaso  i.s  virtually  thi-  same  as  that  occurring  in 
guinea-pigs,  except  that  in  addition  to  the  other  signs  of  illness. 

••  H't/jon  and  TAoicniii^;,  Jour.  A.  M.  A.,  39,  1902. 
*»  Btckettif.  Jour.  A.  M.  A.,  46,  1906. 

^McClintic,  U.  8.  Pub.  Health  aud  Marine  Hosp.  Serv,,  Weekly  BuUetin, 
No.  20,  27,  1018. 

^  H  oWach,  Jour.  Med.  R«Bcarch,  41,  1019-1920,  3. 
•"toot,  Juur.  Mtd.,  Res.,  39,  1919. 
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the  cars  are  often  inflamed^  and  in  white  rabbits  thrombosed  vessels  in 
the  ears  can  be  seen. 

Monkeys  are  susceptibie  and  usually  dit*  at  the  end  of  seven  daya. 

Etiology. — The  lesions  in  the  blood  vessels  in  animals  and  man 
indicate  the  presence  of  the  causative  a^ent  in  these  locations.  Wo)- 
baeh"  who  studied  histological  material  from  this  point  of  view, 
found  within  the  endothelial  cells  of  the  vascular  lesions,  in  smooth 
muscle  cells  of  the  media,  as  well  as  oeeasionnlly  in  detached  en- 
dothelial cells  present  in  thrombi  extremely  minute  small  **diplo- 
coccus  like"  organisms.  These,  he  states,  stain  with  eosiii-mcthylme- 
blue.  The  organisms  were  best  stained  with  Giemsa  solution  with 
which  they  appear  as  slender  pale  blue  rods.  There  was  a  distinct 
contrast  between  the  appearance  of  these  organisms  and  that  of 
accidentally  introduced  bacteria,  in  that  thu  shape  of  the  former 
was  vaguely  outlined  and  less  sharp  than  that  of  the  bacteria. 
Ilicketls*^  had  deseiibed  similar  organisms  in  the  blood  of  man  and 
guinea-pigs  which  hr  <lcscribed  as  "lanceolate  chromatin-staining 
bodies"  in  sets  of  two,  a  small  amount  of  eosin-staining  substance 
appearing  between  the  two  individuals.  The  .same  organism  was 
seen  in  smears  of  the  intestinal  tuiitetits  of  ticks.  Wolbaeh  has  also 
seem  them  in  smear  preparations  made  from  the  eggs  of  infected 
ticks. 

In  the  case  of  these  bodies,  as  well  as  in  those  described  in 
connection  with  typhus  fever,  definite  conclusions  cannot  be  reached 
as  yet.  A  careful  analysis  of  the  entire  subject  will  he  fo\md  in 
Wolbach's  paper  of  1919.  The  organisnts.  if  they  are  organisms, 
probably  belong  to  the  class  of  Kickettsia.  They  have  not  been 
cultivated. 

The  prevention  of  the  disease  depends  largely  upon  the  preven- 
tion of  tick  bites  and  the  suppression  of  the  wood  tick,  a  matter 
which  is  very  difficult  in  the  countries  in  which  they  abound. 


'^Skketta,  Jour.  A.  M.  A.,  47,  1906,  33;  Jour.  A.  M.  A.,  47,  1P06,  368;  Jour. 
A.  M.  A.,  47,  lft06,  10(i7;  Jour.  A.  M.  A.,  49,  1907,  1278;  Jonr.  liifec.  Di».,  4, 
1907,  141;  Jour.  A.  M.  A.,  4d,  1&07,  24;  Trans.  CliicnjEo  Path.  Sw.,  1!HI7 ;  Jout. 
Infpc.  nis.,  5,  1908,  221;  Joar.  A.  M.  A.,  52,  1909,  379;  Medical  Record.  76, 
1909,  842. 
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LICE   AND   DELOUSING 

The  sanitation  of  typhus  fever,  of  trench  fever  and  of  some  forms 
of  relapsing  fever  is  so  definitely  dependent  upon  processes  of  louse 
extermination  that  a  few  paragraphs  on  the  habits  of  lice  and  the 
means  for  their  destruction  ^vill  contain  the  most  important  prin- 
ciples upon  which  sanitary  efforts  in  the  prevention  of  these  diseases 
must  he  based.  The  lice  which  infest  the  human  body  are  of  two 
tjijes,  the  Pediculus  hum^inus  which  includes  the  body  louse  and  the 
liead  louse,  and  the  Phthyrius  pubis,  or  the  pubic  or  crab  louse.  It 
is  the  first  two  of  these,  the  body  louse  and  the  head  louse  with  which 
sanituriaus  are  most  concerned. 

For  an  anatomical  description  of  lice  we  must  refer  the  reader 
to  Nuttall's  comprehensive  Mono^aph  in  the  British  Journal  of 
Hygiene  of  1917,  and  to  textbooks  on  medical  entomolog>'.  The 
following  facts;  important  for  the  sanitarian,  are  compiled  from 
various  sources. 

The  ordinary  life  of  a  louse  is  about  four  to  six  weeks.  The 
female  louse  begins  to  lay  eggs  about  eight  or  nine  days  after 
hatchi'ng.  It  is  stated  that  such  lice,  well  fed,  and  in  normal  en- 
vironment, will  lay  altogether  about  300  eggs  at  the  rate  of  ten 
or  so  a  day.  It  takes  about  one  week  to  eight  days  for  these  eggs 
to  hatch.  On  this  basis,  a  single  generation  of  lice  takes  about 
sixteen  to  eighteen  days. 

The  louse  prefers  to  lay  its  eggs  upon  little  threads  or  hairs, 
more  readily  upon  rougher  clolh  tlian  upon  silk.  It  was  suspected 
in  the  early  part  of  the  war  that  silk  underclothing  gave  some 
protection,  but  apparciilly  this  is  not  of  very  much  use.  The  body 
louse  prefers  to  lay  its  eggs  on  the  inner  surfaces  of  underclothing 
and  other  clothing,  preferably  along  the  seams,  and  on  blankets, 
thoiigli  most  of  the  louse  eggs  are  probably  laid  on  underclothing. 
It  should  not  be  forgotten  that  in  arranging  for  disinfestation,  the 
outer  clothing,  overcoats,  blankets,  etc.,  may  also  lie  infested.  In 
addition  to  this,  both  the  head  louse  and  the  body  louse  may  lay 
their  eggs  on  the  hairs  of  the  body.  The  louse,  being  an  habitual 
parasite  on  animals  and  man,  prefera  to  lay  its  eggs  at  a  temperature 
little  below  that  of  the  body,  a  temperature  which  is  stated  as 
Tanging  about  SC*  C.  If  the  temperature  is  lower  than  that,  it 
takes  them  two  weeks  or  more  to  hatch.  According  to  studies  made 
by  Hritisli  Army  sanitarians,  they  will  not  hatch  below  22"  C.  and 
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the  most  favorable  temperature  for  hatehing  is  at  35°  V.,  when  the 
batching  time  is  very  much  speeded  up  and  may  be  lest*  than  eight 
days.  It  is  important  to  know  that  louse  tggs  are  destroyed  by 
temperatures  slightly  above  60°  C.  But  it  is  not  safi.'  to  rely  upon 
such  low  temperatures  for  disinfcstation.  While  the  nits  are  quite 
susceptible  to  tcmperaturej  they  nre  much  harder  to  destroy  by 
insecticides  than  are  the  adult  lice.  It  is  important  to  remember 
that  many  of  the  inacetieide  substances  which  are  applied  to  the 
body  and  clothing  for  the  prevention  of  Lousiness  may  keep  lice 
aM*ay  but  >vill  not  kill  them  when  once  present. 

It  is  also  important  to  rcmeml)er  that,  although  the  adult  louse 
must  feed  with  some  regularity  in  order  to  thrive  and  lay  its  eggSj 
the  cpps  may  remain  alive  on  clothing,  iniderwcar,  etc.,  for  n  month 
at  least,  away  from  the  human  body^  and  may  be  hatched  out  when 
this  clothing  is  put  on.  Thus,  clothing,  underwear,  blankets,  etc., 
of  louse  inft'sti'd  dugouts,  huts,  ships,  etc.,  must  be  taken  care  of 
even  if  it  has  not  been  worn  for  some  time. 

Although  the  louse,  like  the  bed  bug  in  the  song,  has  no  wings  *'at 
all/'  and  is  not  a  wanderer,  it  is  astonishing  how  easily  it  can  pa.HS 
from  one  individual  to  another.  Lice  may  be  easily  acquired  during  the 
examination  of  a  ease,  in  passing  through  a  crowd,  or  in  handling 
underwear  and  clothing  in  laundry  work  or  disinfestinii!:  operations. 

The  ^dult  louse  feeds  about  twice  a  day,  aud  the  louse  bites, 
while  they  may  be  quite  annoying  to  some  individuals,  may  cause 
practically  no  reaction  or  anm^yaiun'  in  habitually  lousy  persons. 
They  are  apt  to  leave  the  body  of  the  sick  and  usually  do  leave 
the  body  of  the  dead  as  soon  as  possible.  When  removed  from 
human  sources  of  food,  they  may  die  in  anyAvhere  fiom  one  or  two 
days  to  a  week.  Nine  or  ten  days  is  stated  as  the  probable  limit 
to  which  the  adult  may  live  in  clothing  that  has  been  hung  up  or 
put  away. 

Delousing  depends  upon  early  discovery  of  lousiness  in  a  com- 
munity, regiment  or  other  unit,  personal  cleanliness,  disiiLfestation 
of  tho.se  who  arc  lousy  and  disinfcstation  of  clothing,  blankets,  etc., 
and  quarters. 

In  armies  and  iueommunities  durmg  the  existence  of  louse-bcrne 
diseases,  inspeei^on  for  lousiness  of  bodies,  underclothing,  etc., 
should  be  carried  out  at  frequent  intervals.  The  individual  who 
attempt.H  in  i>rotect  himsi'lf  .shituld  inspect  his  own  body  and  under- 
clothing on  going  to  bed  at  night. 
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The  most  oflSciont  individual  protection  against  loiise  infestation 

insists  in  freiiUfut  butlw,  preferably  hoi  ahuwerb,  iii  wiiicii  a  free 

le  of  soap  is  made,  and  all  the  hairy  parts  of  the  body  very 

thoroughly  soaped.    The  best  type  of  soap  is  a  soft  soap.    A  British 

Army  preparation  which  was  very  useful  during  the  war  was  inade 

by  slowly  warming  three  pounds  of  soft  soap  with  one-half  pint 

i^f  water  and.  after  removal  from  the  fire,  this  was  mixed  with 

ive  and  one-half  pounds  of  crude  paraffin  oil.     Two  and  one-half 

T  cent  cresol  was  added  to  this  mixture.     This  formula  in  taken 

om  D.  G.  M.  S.  Circular  Mimorandum,  No.  16,  of  the  British  Army. 

iter  bathing,  a  complete  change  nf  underclothing  should  be  made. 

the  American  Army  bathing  establishments  were  arranged  from 

[ordinary  Adrian  huts,  which  were  applicable  to  delousing  on  a  large 

L^alc.     Bath  houses  were  so  arranged  that  men  undressed  in  an 

mteroom,  tying  up  their  outer  clothing  into  bundles  with  tags 

'^attached  and  throwing  their  soiled  underclothing  into  large  wire 

baskets  which  were  immediately  taken  to  the  steam  sterilizers.  They 

then  passed  into  the  shower  rooms  and  eame  out  into  a  dressing 

room,  into  a  window  of  which  the  outer  clothing  after  sterilization 

was  returned  to  them,  and  into  which  from  another  window  clean 

underclothing  was  passed.    We  have  described  the  arrangement  as 

used  in  the  American  Army  in  an  article  on  army  sanitation." 

For  the  purpose  of  keeping  lice  away  from  the  body,  naphthalin 
sprinkled  through  the  underclothing  probably  has  some  effect. 

Kerosene  or  gasoline  when  applieil  to  clothing  in  small  quantities 
may  keep  insects  from  lodging  in  clothing. 

Various  soaps  and  oir-lments  have  been  made  in  which  petroleum, 
kerosene  or  naphthalin  have  been  used  as  ingredients,  and  these 
have  been  applied  by  smearing  along  the  seams  of  the  clothing, 
■under  the  arm  pits,  etc. 

An  excellent  method  for  personal  prophylaxis  has  been  the 
spraying  of  crude  creosote  oil  on  the  inner  and  outer  clothing.  This 
has  been  used  successfully  by  Pappenhcimer  and  Mueller.  A  good 
way  of  killing  insects  that  may  have  wandered  into  the  clothing 
during  Imspital  or  other  duties  in  the  coTirse  of  the  day  is  to  drop 
the  clothing  into  a  di'ess  suit  bag  or  other  fairly  tight  container 
and  pouring  in  an  ounce  or  two  of  chloroform,  closing  it  for  the 
night.    This  will  not  always  kill  nits. 
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Much  might  be  written  about  the  various  substances  that  can 
be  tipjylied  to  the  skin  and  clothing  to  keep  insects  away,  but  none 
of  theso  means  are  infallable  or  sufficiently  safe  to  be  relied  upon. 
The  best  possible  method,  after  all,  is  the  use  of  shower  baths  o£ 
hot  wator,  the  plentiful  use  of  soap,  combined  with  steam  dL^n- 
fcHtation  of  tlie  elothin^r.  and  dipping  vf  hair  and  beard,  vU\ 

OoMOUs  Disinfectants  for  Rooms,  Clothing,  etc. — It  is  an  im- 
portant practical  faid.  that  formaldehyd,  in  spite  of  its  powerful 
action  upon  bacteria,  is  a  weak  insecticide  and  cannot  be  relied  upon 
to  kill  lice,  mosquitoes,  or  fleas. 

Better  than  formaldehyd  is  SOg  gas  used  in  quantities  of  two 
to  thrro  pounds  of  sulphur  per  1,000  cubic  feet,  with  the  simultaneous 
evaporation  of  water.     (Clayton  apparatus.) 

Hydrocyanic  acid  gas  is  also  very  efficient,  but  of  course  ex- 
tremely poisonous  and  dangerous  unless  used  in  a  proper  way. 

The  most  iiuportant  facts  concerning  these  gases,  their  generation 
and  application,  have  been  dealt  ^vith  in  a  preceding  section. 

For  the  wliolesnlo  di.sinfestntion  of  clothing,  foniites,  etc.,  in 
connection  with  louse  infested  populations,  clothing,  blankets,  etc.. 
the  experience  of  the  late  war  has  shown  that  tlie  most  practical 
HyNtrms  are  those  depending  upon  the  application  of  )u!at. 

Heat  may  be  applied  as  dry  heat  or  moist  heat. 

Our  o\v-n  expcnencc  has  taught  us  that  the  surest  and  most 
foolproof  method  of  disinfesting  large  quantities  of  material  during 
rpldeinicB  is  by  the  use  of  large  autoclave  drums  placed  on  trucks 
mi''h  as  the  Foden-Thresh  autoclave  lon-ies,  which  consist  of  large 
autoclaves  with  steam  jackets  so  arranged  that  clothing,  etc.,  can 
he  exposed  to  steam  under  slight  pressure  (about  five  pounds),  then 
the  connection  Iwtwcen  the  inner  and  outer  jackets  closed  and  the 
nmterini  dried  in  the  same  chamber  before  removal.     The  steam  is 

|»plied  from  the  motor  since  such  lorries  arc  usually  steam  driven. 

In  the  field,  dry  heat  chamliers  can  be  constructed  consisting  of 
wril  sealed  huts  within  which  small  brick  furnaces  or  tin  stoves, 
with  stovepipe  arrangements  surroimding  the  walls  are  used  for 
healing  purpo.st'S.  These  dry  heat  disinfcstors  are  not  as  uniformly 
practical  or  foolproof  as  are  the  methods  in  which  steam  under 
prrwiurr  is  applied,  but  it  may  be  necessary  to  use  them  when  other 
moaim  are  not  available.  Detailed  descriptions  cannot  be  given  here, 
but  a  Uttle  ingenuity  with  attention  to  proper  size  in  relation  to 
heating  apparatus,  proper  distribution  of  heat  with  tin  pipeSp  and 
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provision  for  the  circulation  of  air  by  proper  vent  holes  will  yield 
^ood  rosuils.  In  the  so-called  "Canadian"  type  of  hut  the  heat  is 
applied  from  below  by  digging  a  hole  in  the  floor  of  the  hut  which 
connects  with  the  outside  through  a  small  tunnel,  in  which  a  furnace, 
constructed  in  a  variety  of  ways,  can  be  placed,  and  a  glowing  coal 
Are  maintained.  According  to  Bacot*'  and  others  it  has  been  found 
that  nits  protected  by  a  single  layer  of  khaki  cloth  are  killed  in 
fifteen  minutes  at  52°  C.  The  heat  of  such  huts  must  he  carefully 
controlled,  a  matter  which  can  be  done  either  by  thermometers  or, 
as  advised  by  Kaeot,  by  hanging  in  various  places  small  tubes 
containing  paraffin  or  stearin,  with  a  melting  point  of  60**  or  over. 
Excellent  methods  of  applying  the  various  forms  of  disinfeslation 
by  heat  are  those  which  were  originated  by  Dr.  Richard  Strong 
in  Serbia,  in  which  disinfostation  trains  with  a  shower  bath  car, 
a  steam  sterilizing  ear  made  of  a  converted  refrigerator  truck,  were 
drawn  by  an  engine,  which  supplied  the  steam  for  the  disinfestors. 
the  hot  water  for  the  baths  and  the  motor  power. 


THE    RICKETTSIA    BODIES 

•  In  1910  during  their  work  in  Mexico,  Ricketts  and  Wilder 
observed  small  ovoid  bacterium-like  bodies  in  the  intestinal  canals 
of  lice  which  had  fed  on  typhus  eases.  They  described  them  as 
showing  polar  staining,  with  slightly  stained  or  entirely  unstained 
centers  and  as  having  the  general  appearance  of  very  small  bacilli. 
Similar  observations  were  made  by  Prowazek  and  by  Sergent,  Foley 
and  V'ialatte  in  1913,  tliough  the  identity  of  the  bodies  seen  by 
these  observ€i*s  with  those  of  Kicketts  and  Wilder  was  not,  at  first 
clear.  Most  of  the  original  observations  were  made  on  typhus 
material,  but  subsequently  Wolbach  saw  similar  appearances  in  the 
endothelial  cells  and  vessel  walls  of  animals  infected  with  Rocky 
Mountain  Spotted  Fever  which  he  believed  to  be  probably  identical 
with  diplococcus-Like  structui'es  described  in  the  blood  in  the  same 
disease  by  Ricketts  a  few  yeare  earlier.  Still  later  bodies  of  the. 
same  general  appearance  were  noticed  in  lice  taken  from  Trench 
Fever  cases  and  in  lice  collected  from  the  bodies  of  normal  human 
beings.  The  peculiar  staining  properties,  frequently  intracellular 
position,  minute  size  and  pleomorphic  structure  of  these  peculiar 
bodies  suggested  to  many  of  these  workers  the  possibility  that  they 

"Bacot,  Brit.  Med.  Jour.,  2,  1917,  151. 
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tie,  and  perhaps  pathogenic,  or- 
Von  Prowazek   did  not   believe 
and  from  the  beginning  took  the 
likely  to   belong  to,  or  be  closely 
Di  Rocha-Lima,  who  has  studi(*d  them 
to  typhua  fever,  gave  the  appeaiv 
bee  the  name  of  Rickettsia  prowazeki^ 
Tv^tigations  upon  the  etiological  sit^niB- 
^^pwniu^es.  ospeeially  in  conneetion  with 
Spotted  Fever,  and  Tren«h  Fever,  many 
•bserrstiona  of  the  earlier  observers,  and 
ftl  the  present  time  to  dassify  them  with 
with  the  baeteria  or  the  protozoa,  the 
sufficient  similarity  to  each  other  to 
gX  s  tentative  group.     In  describing  them 
««  db  not  mean  to  imply  that,  at  the  present 
leMtm  tbAt  they  are  parasites.    But  this  seems 
olu^ficftl  priationship  to  the  diseases  mentioned 
^  «»  cniuiy  careful  investigations,  that  clearness 
^er»nX  time  fully  justifies  .such  segregation  into 


are  classified  together  as  Rickettsia  are 

Inm-like  bodies.     They  are,  as  a  rule,  ox- 

(,   ^  MuUest   forms   being  more   minute   than  the 

l^fttrni    measuring  aboiit  0.3  to  0.5  of  a  micron. 

bsciilary  in  appearance,  may  be  observed,  and 

llt«  Rickettsia  bodies  go  through  a  develop- 

Tte  «xall  forms  often  appear  in  the  **diplo"  form 
^teeners  have  described  capsule-like  halos  around 


M»  4M  »«y  difficult  to  stain.    The  ordinary  aniline  dyes 
:.k---  Y^i-y  faintly  or  not  at  all.     Prolonged  staining 
s  them  a  faint  reddish  blue  tinge.    They  do  not 
ite  W«M  slain, 
i  Wt^  auMaotile. 

^  ^  pfccrnt  time  none  of  the  Rickettsia  have  been  eul- 
ihi^  exception  of  one  form  oljsen-ed  in  the  sheep  louse 
«fl>otic«I1y  on  glucose-blood-agar 

luiY«  ftn  insect  host  which  acts,  in  the  ease  of  the 
Klekettsia,  as  the  transmitting  agent. 
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According  to  experiments  of  Rieketts  and  Wilder,  da  liocha- 
Lima,  Sergent  and  his  co-workers,  some  of  the  Rickettsia  can  pU88 
into  the  egg  of  the  louse  and  thus  be  iniierited  from  one  generation 
to  the  other. 

\Iost  of  them,  unlike  haeteria  and  more  resembling  protozoa, 
appear  to  enter  the  cells  of  the  host  as  intracellular  parasites. 

The  suh-rlassifieation  of  the  Rickettsia  has  been  tentatively 
attempted  by  VVolbach  by  whose  courtesy  we  are  enabled  to  insert  the 
following  table: 


InateU 


Corrodmrw 


Hmmiptera 


JHpUra 


SiphonapUra 


Wolbmob'a  T«nutivt  ClRMi6c«tioo 

MtlophAoitM  ooinuM  (sheep  "louae"  or  "tiek") 

ffiirAr«41«Mi  inWopAa0i NdUet 

pMocuM  Sot  (duat  louso} 

iriuiAtueu  hckettvia .Sikora. .  .  . . 


Pmdiculua  humanuM  (human  louar) 

ftieketuin  praviu^ki Re^er  and  von  Pruwairk. 

da  RochA-Lima 

RiekHtwia  (rorha-timut) Weiffl,  oral  »tateitn«nt    .  . 

Rickettiui  prtiiruJi    Muiik  mid  da  Korhji*LiniH . 

Rickettiui  <7MiN/and        . Munk  and  da  Rooba-Lima. 

RiekftUia  wot/ivnica Toepfer 

Cimri  iArtiHfhia)  laetuiariut  (bvd  bug) 

RiekMaia  Irriu'aritu Bacot. .  . 

CuUz  pi'piVru  (MoAf^uito.  Europe) 

riinattie«l  ru'kr.>tuiB NAller,  quoted  by  Blkora.  . 

CUnotrrptialtu  frlifi  (rat  flea) 

RicktUtia  cUnoct^pHali Sikora    

Oemfptv/Zd  m*uculi  (mouae  flea) 

UiLnamed  ricketuia Sikora  ■ 


Arachnida 
Aearinm 


Dermaeenl'tr  vtmiufvj  (wood  tick,  U.  S.) 

Ihvmacfntr^xsnuM  riektttti Rioketta. 

L«nlu9  (Tromibi'iiumi)  akamuMki  Charveat  mite,  Japan) 
Unverified  quotation  by  Sikora ...  - 


Dtrmnnvntu*  ^"  t     O^ird  mile.  RuroD«) 
UnnomMl.  N'filler;  quoted  by  Rikora- 


1B17 
1910 


.1014 

IVIS 
1«S0 
1«17 
Iftl7 

1010 

1031 


1030 

lOlS 

1018 
1000 
1B20 
1020 


In  proposing  this  classification,  however,  it  should  be  said  in 
justice  to  Wolbach  that  he  introduces  it  by  stating  definitely  that 
a  rrliahle  flassifieation  of  the  Rielti'ttsia  is  impossible  at  the  present 
time,  and  that  he  believes  that  there  have  already  been  included 
under  this  heading  a  Tiumbt»r  of  unrelated  forms.  He  Btates  that 
the  Rickettsia  of  the  sheep  louse  has  little  to  dietinguiBh  it  from 
bacteria  and  that  the  Rickettsia  seen  in  connection  with  t>T)hu8 
fever  has  peculiarities  which  separate  it  from  others.  The  Rickettsia 
studied  by  him  in  connection  with  Rocky  Mountain  Spotted  Fever 
resembles  somewhat  the  Rickettsia-prowazeki  seen  in  typhus,  and 
both  of  them  are  quite  unlike  the  "morphologically  simple*'  one 
oKscrved  in  connortion  with  trench  fever.  Wolbach  summarizes  his 
reasons  for  constructing  a  table  of  classification  by  saying  that  he 
believes   it   warranted    since    **they    are    forms   of   microorganisms 
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primaiily  adapted  to  insect  tiseaos,  with  occasional  representatives 
pathogenic  for  animals." 

For  more  detailed  analysis  of  the  Rickettsia,  we  refer  the  reader 
to  the  Harvey  Lecture  and  to  the  articles  on  typhus  investigations 
in  Poland  now  being  prepared  for  publication  by  Wolbach,  Todd 
and  their  associates. 

Abstracting:  from  the  further  analysis  of  the  Ricketlsia  sent  us 
with  this  table  by  Wolbach,  we  may  mention  the  following  points. 
The  R.  mehphagia  is  not  pathogenic  and  is  the  only  one  that  has 
been  cultivated  upon  glucucic-blood-agar.  The  /?.  corrodentia  of  the 
dust  louse  is,  likewise,  not  associated  with  any  mammalian  host.  It 
lives  extracellularly  in  the  stomach  of  the  louse  and  is  apparently 
non-pathogenic.  The  Jf?.  pedicidi  qnintana  and  tvofhynica  are  prob- 
ably identical,  according  to  Wolbach  and  Todd.  They  are  niore 
uniform  in  morphology  than  the  t>T)hus  one  and  arc  easier  to  slain. 
They  occur  extracellularly  in  the  louse's  stomach,  adhere  to  the 
cuticular  epithelium,  and  may  invade  the  epithelial  cells.  They  are 
transmitted  to  the  egg.  Their  etiological  association  with  trench  fever 
has  been  suggested. 

Tlic  h,  pfowazeki  is  pleomorphic  and  seems  to  be  exclusively 
intracellular  in  the  louse.  It  seems  to  be  more  susceptible  to  drying 
and  to  heat  than  the  preceding  ones.  It  is  the  one  studied  by  da 
Boeha-Lima  and  others  connection  with  typhus  fever. 

The  R.  lectularius  of  the  bed  bug  is  non-pathogenic,  but  mor- 
phologically resetnliles  R.  prowazfkt. 

The  ones  occurring  in  mosquitoes  and  in  cat  and  mouse  fleas  are 
noH-pathogenic. 

The  Dennacentroxcnus  rickettin  Is  the  Rickettsia  body  which  has 
been  associated,  by  a  number  of  M-ritere  with  Rocky  Mountain 
Spotted  Fever.  Wolbach  includes  it  in  the  general  classilication, 
though  he  has  found  many  diilercnrcs  l>etween  it  and  the  other 
Rickettsia.  Wolbach  states  that  it  is  less  bacteriiun-likc  than  any 
of  4he  other  Rickettsia  and  many  forms  show  red  and  blue  staining 
materiai-s.  Unlike  the  Prowazeki.  it  does  not  show  the  thread-like 
forms.  In  the  louse  he  states  that  the  Prowazeki  coutinucs  to  mul- 
tiply in  the  gastric  epithelium  and  eventually  causes  the  death  of 
the  louse  by  interfering  with  digestion.  The  Dermacenlroxenus, 
however,  after  multiplying  within  the  nucleus  chietly,  floods  all  the 
tissues  of  the  tick  and  then  diminishes  in  numbers,  leaving  behind 
in  the  salivary  gland  and  some  other  tissues,  forms  which  Wolbach 
regards  as  a  resistant  stage. 


SECTION  V 

THE  HIGHER  BACTERIA,  MOLDS  AND  FUNGI 


CHAPTER   XLIX 

THE  HIOITEK  BACTERIA 

(Chlaynydobacicnaeca ,  TrirJiomycetes,  Microsiphoyinlen) 

Standing  midway  between  the  true  bacteria  and  the  more  ('omplex 
molds,  there  are  a  number  of  pathogenic  mieroorganisms  whieh  offer 
frreat  difficulties  to  classification.  These  forms  resemble  the  hyphomy- 
cetoa  in  the  gross  appearance  of  the  cultures,  which  are  dry,  tougli, 
wrinkled  and  sometimes  covered  with  a  dovni  of  aerial  outgrowths. 
Morphologically  they  arejnade  up  of  filaments  which  often  show  at 
the  ends  chains  of  round  bo<lies  analogous  to  arthrospores.  In  the  size 
and  structure  of  their  component  cells  they  are.  however,  far  more 
like  the  bacteria.  The  component  celk  of  the  tilarncntx  nrp  iikiijiHv 
about  0.3  micron  and  rarely  more  than  1  micron  in  diameter.  They 
frLfjuentlv  stain  unevenly  but  show  no  definite  nnrlei  and  the  ron m\ 
Kj)ore-like  colls  arc  about  the  si^e  of  mierocoeei.  _  In  the  classification 
of  Mig^ila  most  of  these  forms  have  been  placed  in  a  rather  hetero- 
geneous group,  thr  Cldamydobat'tcriaceai.  By  other  authors,  notably 
Lachner-Saudoval,^  Bcrestnew,^  and  by  Petruschky,^  the  close  relation- 
ship of  these  forms  to  the  higher  hyphoraycetcs  has  been  emphasized 
and  they  have  been  grouped  as  a  H^bdivision  of  the  true  fungi  under 
the  family  name  of  Trieiiontveoles. 


L 


*  For  a  careful  revision  of  this  Section  we  are  indebted  to  Dr.  J.  Grardner 
Hopkins. 

*  LachneT'SandovaJ,  "Uebcr  Strahlcnpiize/'     Dm.  Strassbor^^,  189S. 
^'^^Bcrestncw,  Ref.  Cent,  f   Bakt.,  xjciv.  1398. 

*PetrH$chkyf  in  Kollc  uud  Waasermnnn,  "Handbuch/'  etc. 
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Petnischk}*  proposes  the  follo\ving  clear  schematization,  which, 
even  though  possibly  defective  from  a  purely  botanical  point  of  view. 
is  at  least  serviceable  for  the  purposes  of  the  bacteriologist 

Hyphomycetes 


True  molds 


I 

TrichomvceteB 


Leptothrix 


Actinomvccfl 


Cladothrix  Streptothrix 

Jjeptothrix  is  iispd  fn  flpsl^nntP  thnsp  forms  whioh  npppnr  H  sin^)^ 
threads  without  brnin^hiiip- 

Clndtjthnx  is  a  thn'ad  like  form  in  wliich  false  branching  mny  ho 
recognized.  By  falsc^  branching  is  meant  an  app<'aranc<?  resulting 
f rom  the  fragmentation  of  rhreuds.  The  terminal  oell  breaks  awii.v 
From  the  main  stem,  is  set  at  an  angle  by  the  elongation  of  the  thread 


Pio.  101  —Cladothrix.  Showing  Falbe  Branching. 


itself,  and,  as  Iwth  p^y>tiiui..  .lividhig,  the  simulation  of  tro*^  hranel^'^^p 
IS  prodnpod  — 

Streptoihrix  denotes  forms  with  numerous  true  branches  and  spores 
whfch  usually  appear  in  chains. 

Actinomyces  is  of  more  complicated  structure,  characterized  by  the 
formation  of  club-shaped  ends  and  the  stellate  arrangement  of  its 
threads. 

roncerning  the  use  of  the  last  three  generic  names  there  has  been 
much  controversy,  whioh  has  re<!ently  beep   discussed  witli  a   ful; 
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bibliography  by  Breed  antl  Conn  (J.  Baotcriol.,  1919,  iv,  585),  The 
outcome  of  the  matter  seems  to  !>c  that  the  genus  lepiothnx  may  stand 
as  rei)resenting  filamentous  forms  without  branching,  of  which  our 
knowledge  is  very  incomplete,  and  tliat  there  are  two  distinct  groups 
of  pnthoKcnic  species — ^'ocardia,  which  are  aerobic,  and  the  actino- 
myccn,  which  are  anaerobic.  The  former,  at  least,  includes  a  large 
number  of  related  species. 


Fig.  102, — Stheptoturix,  Showino  Tfirt  HitAMHiNt;. 


LEPTOTHEIX 

^^^:^^lers  of  iho  Ici^tothrix  group  havf  been  uhsfrvod  in  eonnection 
with  inflatiiT^iittio"-^  ..t'fh..  iiwuith  .iu.\  j^bH''y"\-  hj.  K|-ankcl/  Miciiclson.'^ 
Epstein,**  and  others.  In  many  of  these  cases  the  organism  was  idcnti- 
fivd  by  niorphalogy  chietiy,  pure  cultures  not  having  been  obtained. 
The  disease  in  none  of  these  cases  was  accompanied  by  severe  systemic 
symptoms  and  it  Is  likely  that  when  found  in  human  beings  the 
organisms  may  be  regarded  simply  as  comparatively  harmless  sapro- 
phytes appearing  in  touncction  with  some  other  specific  inilanimation. 

Cultivation  of  the  Leptothrices  is  not  easy  and  has  been  successful 
only  in  the  hands  of  VignaK  and  Anistamoflf/ 

*Friirtkel^  Eulcnburg's  "Kealencycl.  d.  gesam.  Hojlkunile, '  *  1882. 
'Michehon,  Herl.  klin.  Woch.,  ix,  ISS9. 
'iLpsttiu,  Prag.  nie*1.  Woth.,  1900. 

*  Vignai,  Ann.  *U>  \t\ipi.,  viii,  1886. 

*  Antstamoff^,  QiiDtoi)   from  Pctriisrhky.  Im-.  cit. 
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NOCARDIA 

Streptothrix,  Cladoihrix^  Oospora,  Discomyces, — This  genus  in- 
cludes a  large  group  of  aerobic  organisms  which  grow  in  branch- 
ing filaments  made  up  of  bacteria-like  units,  English  medic&l 
writers  more  fi*equently  refer  to  them  as  streptothrices^  but,  as  the 
name  streptotlirix  is  applied  to  a  group  of  common  saprophytic  fungi 
with  coarse  filaments,  it  cannot  be  properly  used  for  these  organisms. 
Saprophytic  varieties  of  nocardia  are  numerous  and  pathogenic  strains 
have  also  been  reported  as  the  cause  of  varied  infections  in  man  and 
animals.  Nocard*  described  a  member  of  this  group  as  the  etiological 
factor  in  a  glaudcrs-like  disease,  **  farcin  du  boeuf, "  occurring  in 
Guadeloupe,  which  he  called  aciinomyces  farcinica.  The  first  human 
case  was  that  of  Eppingcr,^^  who  cultivated  from  a  brain  abscoss  an 
organism  which  he  called  Cladothrix  asteraidcs  on  account  of  the 
star-like  appearance  of  the  young  colonies  on  agar.  He  also  found 
Ihe  organisms  in  sections  of  the  bronchial  lymph-nodes  and  believed 
the  invasion  had  occurred  through  the  respiratory  tract.  Since  then 
a  number  of  fatal  systemic  infections  due  to  similar  organisms  have 
been  described  by  Petnischky,'*  Berestnew,*^  Flexncr,^^  MacCallum,'* 
Norris  and  Lnrkin"  and  others,  and  an  apparently  identical  organism 
was  isolated  by  Musgrave  and  Clegg  in  a  case  of  Madura  foot.  A 
summary  of  the  various  cases  up  to  1921  has  lieen  made  by  Henriei 
and  Gardner  (J.  Infect.  Dis.,  1921,  xxviii,  232).  In  most  of  these 
cases  the  portal  of  entry  was  the  respiratoi-y  tract,  but  a  few  began 
as  wound  infections.  Strains  from  various  cases  have  been  considered 
by  some  to  be  identical,  by  others  to  represent  a  number  of  closely 
related  species. 

Morphology.  —  Morphologically  the  nocardim  show  considerable 
variation.  In  material  from  infectious  lesions  they  have  most  ofcen 
appeared  as  rods  and  filaments  with  well-marked  branching.  Occa- 
sionally the  filaments  are  long  and  intertwined,  and  branches  have 


*yocard,  Ann.  de  I'inst.  Pasteur,  ii,  188S. 

''Eppingcr,  Wien.  klin.  Woph.,  1890. 

"  Petruschky,  Verhandl.  d.  Kongr.  f .  innere  Medii.,  1S98. 

^Bcrestncff.  Zeit.  f.  HyR.,  xxix,  1898. 

«■Fl«^rH<^^  Jour.  Exp.  Med.,  iii,  1896. 

'^MacCaUum,  W,  E.,  CeniraJbl.  f.  Bakt.,  I,  0,  1902.  xrxl,  529. 

^N&nis  and  Larkin,  Proc.  of  N.  Y.  Path.  Soc,  March.  1899. 
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shown  bulbous  or  club-shaped  ends.  In  Norris  and  Larkin'a  case, 
the  young  cultux-es  in  Iho  first  generations  seem  to  have  consisted 
chiefly  of  rod-shaped  forms  not  unlike  bacilli  of  the  diphtheria  group, 
showing  marked  metachromatism  when  stained  with  Loeffler'a 
methylene-blue.  They  are  easily  stained  with  this  dye  or  with 
aqueous  fuchsin.  Many  strains  are  acid-fast,  but  decolorize  some- 
what more  readily  than  do  tubercle  bacilli.  In  tissue  sections  they 
may  be  di-monstrated  l)y  the  Gram-Weigert  method. 

Cultivation. — The  organism  develops  slowly  on  ordinary  agar 
or  gelatin  plates,  forming  visible  colonies  in  from  two  to  five  days. 
Later  it  forms  a  membrane  somewhat  adherent  to  the  surface  which 
soon  becomes  wrinkled.  It  is  at  first  white  but  later  turns  yellow 
or  even  a  brilliant  orange.  On  broth  they  grow  as  a  thick  pellicle 
or,  occasionally  as  a  flocculent  precipitate.  Most  strains  have  not 
liquefied  gelatin  or  altered  litmus  milk,  but  liquefyhig  strains  have 
been  described.  All  strains  Iiave  proved  highly  virulent  for  guinea- 
pigs  and  somewhat  less  so  for  rabbits,  producing  in  tlie  animals 
lesions  indistinguishable  from  tuberculosis. 

NocARDi^  IN  Rat-Bite  Fever. — In  the  cases  of  fatal  septicemia 
following  rat  bites,  Sehottmueller"  and  Blake*'  have  recovered 
nocardise  from  the  blood.  It  has  since  been  shown,  however,  that  this 
disease  is  due  to  infection  by  trepoucmata. 

Sireptothnx  of  Rosi-nbach. — A  species  of  nocardia  undoubtedly 
different  from  the  asteroidc«  group  has  been  described  by  Rosen- 
bach**  as  the  cause  of  an  indolent  dermatitis  of  the  fingers  and  toes 
known  as  erysipeloid. 

ACTINOMYCES 

{Strepioihrix  Israeli,  Kruse;  Discomyces  boviSr  Brumpt;  Cohnistrep- 
tothrix  Israeli,  Pinoy) 

Among  the  diseases  caused  by  the  Trichomycetes  or  higher  bac- 
teria, the  most  important  is  actinomycosis.  Occurring  chiefly  in 
some  of  the  domestic  animals,  notably  in  cattle,  the  disease  is 
observed  in  man  with  sufficient  frequency  to  make  it  of  great  clinical 
importance.    In  cattle  the  specific  microorganism  wliich  gives  riae 


I 


"  SchottmueUer,  Dermat.  Wehnschrft.,  1914,  LVIII.  Sub.  77. 
» Blake,  F,  G.,  Jour.  Kxp.  Med..  1»10.  XXIII.  :i9. 
**&osenbach,  Arch.  f.  khn.  Chiruig.  1887,  mv,  346. 
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to  Uio  disoafio  was  fii-st  ol>sorv<'fJ   by  Hollinffor'"  in  1877.     In  tlu* 
following  yonr  Tsnu't*'"  fliwcovi'icfl  n  ^hnilnr  micrrtoriraiiisiii  in  human 

Thr  parasitt-s  upiK'ar*  in  llir  pus  i'l'om  (tiHrltai'fi:iii^  li'sions  as  small 
Bruniilnr  iMnlit'H,  jihi'mly  vimbk!  to  tlu*  nnkod  eye  and  somewhat 
reHcmblints'  8iili>hur  granule,  of  a  gra^-ish  or  of  a  pale  yellow  color. 
In  size  they  measure  usually  a  frac- 
tion of  a  millimeter.  Ordinarily  they 
are  soft  and  eusily  crushed  undir  a 
cover-slip,  imt  tMit-asionally.  OHpecially  in 
old  lesions,  they  nay  be  quite  hard, 
ow^iiij^  to  calcification. 


Fuf.      103. — ACTINOMYCEH     OhAKULK     CRl'BiraD 

BcNKATU  A  CovKR-oLAMs.  Unstfiincd. 
liim*  power.  Shows  rndial  sirintionH.  (After 
\Vri(iht  iin<i  lirown.) 


Fia.  104. — ArTivoMTCKs 
Qha-vulc  Crushxd  B&- 
keath  a  cover-olarr. 
I^?i8tiiine<l.  The  prepftrn- 
t  ion  aIiuwh  tht'inuricin  of  the 
fcrumilc  hikI  the  '* clubs." 
(AfUr  WriRht  and  Urown). 


Microscopically  they  are  most  easily  n-copiizcd  in  fresh  prepara- 
tions prepared  by  cmshing  the  granules  upon  the  slide  under  a 
cover-slip  and  examining  them  without  .staining.  They  may  be 
rendered  more  clearly  viwiblc  by  the  addition  (»f  a  drop  or  two  of 
20  per  cent  potassium  hydrate.  AVhen  the  gi'anules  are  calcareous. 
the  addition  of  a  drop  of  concentrated  acetic  acid  will  facilitate 


w.  *,-'. 


»  Bollinger,  Dctitwh.  Z«it.  f.  Thiermed.,  iii,  1877. 
^Itracl,  Virrh.  Arch.,  74,  1878  and  1S79,  LXXVIII,  -421, 


THK  HIGHEH   BACTEia\ 


9ti7 


exaraination.  Fresh  proparatioius  may  bo  examined  after  staining 
with  Gram's  stain.  Observed  luiUor  the  microscope,  tJie  grauules 
appear  as  rosette-like  masses,  the  centera  of  which  are  quite  opaque 
and  dense,  appearing  to  be  made  up  of  a  closely  meshed  network 
of  filaments.  Around  the  margins  there  are  found  radially  arranged 
striationu  which  iu  many  casea  end  in  eharacteristieally  club-shaped 
bodies.  Inside  of  the  central  network  there  are  often  seen  eoccoid 
or  spore-like  Iwidies  wliieh  have  been  vanously  interpreted  as  spores, 
as  degeneration  products,  an<l  as  separate  cocci  fortuitously  found 
In  symbiosis  Avith  the  actinomyccs.  Individually  considered,  the 
central  filaments  have  approximately  the  tliiekness  of  an  anthrax 
baeillu3  and  are,  aceording  to  Babes.=**  composed  of  a  sheath  within 


FlO.   105. BRANCHIN'i    FlLAMKVT-^  nF   A<  TI  Ncl.M  V   F.S  'Aft.T   W  ril^llt    llUll    HfOWn  A 


whieh  tilt'  ptotupiasni  i'(m!aiiir>  Munitniu.s  iuid  dittVr<.'iit  sized 
granules. 

About  the  peripiierj  of  the  yranuies  the  free  ends  of  the  tilaments 
become  gradually  thickened  to  form  the  so-called  actinomycosis 
* '  clubs. '  *  These  clubs,  according  to  most  observei-s,  must  be  regarded 
as  hyaline  thickenings  of  the  sheaths  of  the  threads  and  are  believed 
to  represent  a  form  of  degeneration  and  not,  as  some  of  the  earlier 
observers  believed,  organs  of  reproduction.  They  are  homogeneous, 
and  in  the  smaller  and  presumably  younger  gi-anules  are  extremely 
fragile  and  soluble  iu  water.  In  older  lesions,  especially  iu  those 
of  cattlje,  the  clubs  arc  more  resistant  and  less  easily  destroyed 

They  appear  only  in  the  parasites '  taken  from  active  lesions  in 
animals  or  man,  or,  as  Wright"  has  found,  from  cultures  to  which 


"iSobw,  Virch.  Arch.,  105,  lS8ti. 

»•/.  H.   nrujht,  J'jur.  Med.  Kea.,  190C,  vii,  349. 
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animal  serum  or  whole  blood  has  been  addeil.  In  cnltures  from 
media  to  which  no  animal  fluids  have  been  added,  such  as  glucose 
agar  or  gelatin,  no  clubs  are  found.  In  preparations  stained  by 
Oram's  method  the  clubs  give  up  the  gentian-violet  and  take  eounter- 
staiiiS;  such  as  eosin. 

The  coccus-like  bodies  found  occasionally  lying  between  the  fila- 
ments of  the  central  masH.  most  observers  now  agnK?.  do  not 
represent  anything  comparable  to  the  spores  of  the  true  hyphomy- 
cetes.  In  many  cases  they  arc  unquestionably  contaminating  cocci; 
in  others  again  they  may  represent  the  results  of  degeneration  of 
the  threads. 

In  tissue  sections,  the  microorganisms  may  be  demonstrated  by 
Gram's  method  of  staining  or  by  a  special  method  devised  by 
Mallory."    This  is  as  follows  for  paraffin  sections: 

1.  Stain  in  aaturated  aj^u(M>tis  eosin  ten  minutes. 

2.  Wash  in  water. 

3.  Anitin  gentian-riolet,  five  minates. 

4.  Wash  with  normal  salt  solution. 
6.  Qram*9  iodin  solution  one  minute. 
G.  Wash  in  water  ao;!  blot. 

^      7.  Cover  with  anilin  oil  until  section  i»  clear. 
H     8.  Xylol,  several  changes. 
V     9.  Ifoont  in  balsam. 

Cultivation. — The  isolation  of  actinomyces  from  lesions  may  be 
easy  or  difficult  according  to  whether  the  pus  is  free  from  con- 
tamination or  whether  it  contains  large  numbers  of  other  bacteria. 
In  the  latter  case  it  may  be  almost  impossible  to  obtain  cultures. 
The  descriptions  of  methods  of  isolation  and  of  cultural  character- 
istics given  by  various  writers  liavc  shown  considerable  dilTcrences. 
The  most  extensive  cultural  work  has  been  done  by  Bostroem,** 
Wolflf  and  Israel,  and  by  J.  H.  Wright.  Bostroem  has  described  his 
cultures  as  aerobic,  but  Wolff  and  Israel"  and  Wright"  agree  in 
finding  that  the  microorganisms  isolated  by  them  from  actinomycotic 
lesions  grow  but  sparsely  under  aerobic  conditions  and  favor  an 

'•Maltary,  Method  No.  1,  Mallory  and  Wright,  "Path.  Technique,"  Phila., 
1908. 

'*  Bo*troeim,  Beitr.  z.  path.  Anat.  a.  ».  &Ug.  Path.,  Is,  1890. 
«•  Wolif  nnrt  Itrael,  Virch.  Arch.,  1891,  cxxvi.  4. 
"J.  n.  Ifriffht,  Jour.  Mcrt,  Res.,  viii,  1005. 


TU£  aiGH£H  BACTERIA 


969 


[vii^iiment  which  is  entirely  free  from  oxygen,  or  at  least  contains 

it  only  in  small  quantities,    The  method  for  isolation  reeommeuded 

by  Wright  is,  briefly,  as  follows:  Pua  is  obtained,  if  possible,  from 

a  closed  lesion  and  washed  in  sterile  water  or  broth.    The  gi'anules 

^e  then  crushed  between  two  sterile  slides  and  examined  for  the 

^presence  of  fllameuts.    If  these  are  present  in  reasonable  abundance, 

^he  material  is  distributed  in  tubes  of  glucose  agar,  whieh  are  then 

allowed  to  solidify.    If  these  first  cultivations  show  a  large  number 

pi  contaminations,  "Wright  recommends  the  preservation  of  other 

washed  granules  in  test  tubes  for  several  weeks,  in  the  hope  that 

contaminating  microorganisms  may  thus  be  killed  by  drying  before 

the  actinomyees  lose  their  viability. 

K  cultivation  is  successfid  colonies  will  appear,  after  two  to  four 
days  at  37.5°  C.,  as  minute  while  specks,  which,  in  Wright 's  cultures, 
appeared  most  ahiiiulautly  within  %zone  situated  5  to  10  millimeters 
below  the  surface  of  the  medium.  Above  and  below  tliis  zone  they 
are  less  numerous,  indicating  that  a  small  amount  of  oxygen 
furtiiiiheH  the  best  cultural  environment.  Upon  the  surface  of  agar 
slants,  growth,  if  it  takes  place  at  all,  is  not  luxuriant. 

In  alkaline  meat-infusion  broth  gi*owth  takes  place  in  the  form 
of  heavy,  flocciUent  masses  which  appear  at  the  bottom  of  the  tubes. 
Surface  growth  and  clouding  do  not  take  place. 

Milk  and  potato  have  been  used  as  culture  media  but  are  not 
particularly  favorable. 

Pathogenicitj. — As  stated  above,  actinomycosis  occurs  spon- 
taneously most  frequently  among  cattle  and  human  beings.  It  may 
also  occur  in  sheep,  dogs,  cats,  and  liorses.  Its  locations  of  pre- 
dilection are  the  various  parts  adjacent  to  the  mouth  and  pharynx. 
It  occurs  also,  however,  in  the  lungs,  in  the  intestinal  canal,  and 
upon  the  skin.  When  occurring  in  its  most  frequent  location,  the 
lower  jaw,  the  disease  presents,  at  first,  a  hard  nodular  swelling 
which  later  becomes  soft  because  of  central  necrosis.  It  often  in- 
volves the  l>one,  causing  a  rarefying  osteitis.  As  the  swellings  break 
down,  sinuses  are  formed  from  which  the  granular  pus  is  discharged. 
The  neighboring  lymph  nodes  show  painless,  hard  swellings.  His- 
tologically, about  the  filamentous  knobs  or  gi'anules,  there  is  a 
formation  of  epithelioid  cells  and  a  small  round-cell  infiltration.  In 
older  cases  there  may  be  an  encapsulation  in  connective  tissue  and 
a  calcification  of  the  necrotic  masses,  leading  to  spontaneous  cure. 
As  a  rule,  this  process  is  extremely  chronic.    Infection  in  the  lungs 


970 


THE  HIGHER  BACTERJA.   MOLDS  AND  FUNGI 


or  in  the  intra-abdominal  organR  is,  of  fouiso,  far  more  seriogs. 
\\^ii  ileuUl  IK'I'UI'K  acutely,  it  is  alWu  diU'  tn  st'condar>-  inlVctioiL 
The  Oisoase  is  aetiuired  probably  by  tho  agency  of  hay,  straw,  and 
grain. 

Berestnew*'  has  succeeded  in  isolating  actinomyces  from  sirsc^ 
and  hay  which  he  covered  with  sterile  water  in  a  potato  jar  and 
placed  in  the  incubator.  After  a  few  days  Kmall  white  specks 
looking  like  ehalk  powder  appeared  upon  the  stalks  which  upon 
further  cultivation  developed  a  growth  which  he  considered  identical 
with  the  pathogenic  species  of  the  Bostroem  type.  Typical  anaerobic 
actinomyces  have  never  been  isolated  except  from  cases  of  the 
disease. 

Animal  inoculation  has  given  conflicting  results.  Bostroem  with 
his  aerobic  cultures  was  unable  to  produce  lesions.  Israel  and  Wolff 
did,  on  the  other  hand,  produce  nodules  resembling  those  seen  in 
spontaneous  infections  with  ^heir  anaerobic  enlturcfi,  but  the  lesions 
were  not  progressive  and  healed  spontaneously.  Wright  could 
produce  lesions  with  anaerobic  but  never  with  aerobic  strains.  He 
concluded  tliat  the  anaerobic  organism  was  the  true  cause  of  ac- 
tinomyces, and  that  Bostroem  was  probably  dealing  with  a  con- 
tamination. On  the  other  hand  Pinoy.  Castellani,  Brumpt,  and 
others  reviewing  the  subject  state  that  the  disease  actinomycosis,  though 
usually  produced  by  the  anaerobic  organism  is  in  some  cases  caused 
by  aerobic  organisms  belonging  to  the  genus  nocardia.  Others  have 
attempted  to  distinguish  between  strains  by  the  presence  or  absence 
ot*  clubs  in  the  infeete*!  tissue,  reserving  the  name  actinomyces  for 
those  parasites  which  produce  clubs  and  calling  all  others  sfreptO' 
thrwes  or  nncardkr.  This  is  an  unsatisfactorj'  criterion,  however^  as 
MacCallum  was  able  to  produce  clubs  by  intraperitoneal  injection  of 
his  strain  which,  in  every  other  respect,  was  a  typical  nocardia 
asteroides. 

B,  actinomtfcetum  cofnifans. — As  in  other  mycoses  the  isolation 
of  the  parasite  in  this  disease  is  made  difficult  by  the  jiresence  in 
the  lesions  of  numerous  bacteria  which  overgrow  primary  cultures. 
The  contaminants  are  frequently  pyogenic  cocci  and  saproph\*tic 
intestinal  bacilli.  One  unusual  type  of  organism  has,  however,  been 
found  in  these  lesions  with  sufficient  frequency  to  deserve  incntipn. 
Wolf  and  Israel"  mention  tho  presence  in  the  gmnnles  of  numerous 


»♦  BeresincM;  Bef.  Cent.  Bakt.,  24,  1808. 
*  fVo^f,  M..  .inJ  Israel,  J.,  loc.  cil. 
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pleomorpliic  bodies  resembling  micrococci.  Similar  organisms  have 
bt'i'H  noted  by  Klinglor-"  and  rycontly  in  twenty-four  cases  by  Cole- 
brook*"  on  whosu  paper  the  following  description  is  based.  In  the 
granules  they  appear  as  minute  Gram-negative  cocco-bacilli  fused 
together  into  sheets.  In  culture  they  grow  aerohieally  or  anaeroh- 
ically  as  minute  coherent  colomes  which  on  agar  are  smooth  and 
glistening,  in  broth,  starlike  and  frequently  adherent  to  the  sides 
of  the  tubes.  They  grow  on  simple  media  but  quickly  die  out  in 
culture.  They  foi-m  acid  but  no  gas  on  sugars.  Guiuea-pigs  aud 
rabbits  may  be  killed  by  large  injections  but  no  lesions  resembling 
actinomycosis  are  produerd.  It  is  doubtful  if  these  bacteria  play 
an  important  role  in  spontaneous  ca^es  of  the  disease. 

Actinob&cillosis. — A  disease  of  cattle  simulating  actinomyeosis, 
in  whieh  grumiU's  with  rays  occur  in  the  exudates  has  been  described 
in  the  ^Vrgenline  by  Lignieres  and  Spitz  and  in  England  by  OriflBth.*' 
Definite  filaments  wort*  not  found  in  the  lesions  and  cultures  yielded 
a  Gram-negative  strepto-baeilliui.  One  hiunan  case  has  been  reported 
by  Ravaut  and  Hnoy.^^* 


MYCETOMA    (MADURA    FOOT) 


The  disease  knowu  by  this  name  is  not  unlike  actinomycosis.  It 
is  more  or  less  strietly  limited  to  warmer  climates  and  was  first 
recognized  as  a  clinical  entity,  in  India,  by  Carter.^^  Clinically  it 
consists  of  a  chronic  productive  inflammation  most  frequently  attack- 
ing the  foot,  less  often  the  hand,  very  infrequently  other  parts  of 
the  body.  Nodular  swellings  occur,  whieh  break  down  in  their 
centers,  leading  to  the  formation  of  abscesses,  later  of  Hinuses.  Often 
the  Iwnes  are  involved  and  a  progressive  rarefying  osteitis  rt^aults. 
From  the  sinuiies  a  purulent  fluid  exudes,  in  which  are  found  char- 
aeleristic  granular  bodies.  These  may  be  hard,  brittle,  aud  black. 
resembling  prrains  of  gunpowder,  or  may  be  grayiah-whitt-  or  yellow 
and  soft  and  grumou£.  According  to  Uie  appearance  of  these  granules 
difTerent  varieties  of  the  disease  have  l)een  described  as  mycetoma 


^,,jrKlingUr,  B.,  Centr.  f.  Bact.,  I,  O,  1912.  LXU,   191. 
^CoU'hroiik,  L.,  Brit.  Jour.  Exp.  pHth.,  1920.  I,  197. 
^'Orifith,  F.,  Jour,  of  Hyg..  1916.  XV,  195. 
"ffaravt  ami  Pinoy,  Pretwc  M^.l.,  19H,  XIX,  49. 
"Carter  nn  Mycetoma;  e(<'.,  Ijondim,  1874. 
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with  black,  white,  yellow,  or  red  granules.  These  difFercnt  varieties 
of  the  disease  though  elinically  similar  may  apparently  be  produced 
by  a  large  number  of  diffecmt  parasites  all  belonging  to  the  fungi 
or  higher  bacteria.  We  will  mention  below  the  few  cases  from 
which  aspergilli  and  allied  molds  have  been  isolated.  In  the  ma- 
jority of  cases,  organisms  similar  to  the  nocardia  have  been  found. 
Brurapt  divides  them  into  two  genera:  the  madureUn  having  septate 
mycclia  and  the  discoviyceit  which  is  without  septa,  but  ihis  distinc- 
tion is  not  generally  recognized.  For  &  discussion  of  the  character- 
istics of  the  various  strains  one  should  refer  to  the  works  of  Brumpt 
and  of  Castellani. 

The  parasite  of  the  commoner  black  variety  which  certainly  seems 
to  be  a  distinct  disease  has  been  carefully  studied  by  Wright  from 
whose  description  the  following  points  are  taken. 

The  small,  brittle  granules  observed  under  the  microscope  show 
a  dark,  almost  opaque  center  along  the  edges  of  which,  filaments, 
or  hyphtt.  may  be  seen  in  a  thickly  matted  mass.  By  crushing  the 
granules  under  a  cover-slip  in  a  drop  of  sodium  hypochlorite  or  of 
strong  sodium  liydralo,  the  black  amorphous  pigment  is  dissolved 
and  the  structural  elements  of  tiie  fungus  nmy  be  observed.  They 
seem  to  be  composed  of  a  dense  meshwork  of  mycelial  threads  which 
arc  thick  and  often  swollen,  and  show  many  branches.  Transverse 
partitions  are  placed  at  short  distances  and  the  individual  tilamenta 
may  be  very  long.  Spores  were  not  oljsorvtd  by  Wright.  In  a 
series  of  over  fifty  cultivations  on  artificial  media  from  the  original 
lesion,  Wright  obtained  gi'owth  in  a  large  percentage. 

In  broth,  he  obtained  at  fii-st  a  rapid  growth  of  long:  hyphip  which 
eventually  formed  a  structure  which  he  compares  in  appearance  to 
a  powder-puff. 

On  agar,  growth  appeared  within  less  than  a  week  and  spread  over 
the  surface  of  the  medium  as  a  thick  moshwork  of  spreading  hyphro 
of  a  gra^nsh  color.  In  old  cultures  black  granules  appeared  among 
the  mycelial  meshes.  ' 

On  potato,  he  observed  a  dense  velvety  membrane,  centrally  of  a 
pale  brown,  white  at  the  periphery.  Small  brown  droplets  app<*ared 
on  the  jLcrowth  in  old  cultures. 

Animal  inoculation  with  this  microorganism  has  so  far  been  un- 
successful. 


CHAPTER    L 
THE  PATHOGEN  ro  FUNOr 

The  earliest  demonstratiomi  of  inicroorgaiiisms  an  the  oauscH  of 
disease  were  the  discovery  of  a  fundus  in  the  sciitula  of  faviis  by 
Schoenlein  in  1839  and  Langenbeck's  discovt-Ty  of  the  thrush  para- 
site in  the  same  year.  Later  the  work  of  Pasteur  and  his  followers 
showed  the  far  greater  importance  of  bacteria  as  disease-producers 
and  the  study  of  these  simpler  forms  has  since  been  given  greater 
attention.  We  must,  however,  bnefly  consider  a  group  of  diseases 
knowni  as  the  mycoses  which  are  due  to  infection  by  the  fujigi. 

In  the  broader  sense  the  term  fungi  is  used  to  incli^^**  all 
thallopiiyta  (plants  without  stems,  rootH.  or  leaves)  which  arc  devoid 
of  ehli^rophyl  or  its  analogues,  and  which  consequently  prf  limited 
to  a  saprophytic  or  pnrasHic  existence.  In  this  sense  the  fungi  form 
a  class  of  which  the  bacteria,  or  ftmgi  whicli  reproduce  by  simple 
fission,  arc  the  simplest  types.  In  the  narrower  sense  the  tcrni  is 
applied  only  to  forma  which  reproduce  by  means  of  spores.  The 
cells  of  these  latter  organisms  are  somewhat  larger  than  those  of 
the  bacteria  and  are  usually  enclosed  in  a  well  differentiated  mem- 
brane. They  contain,  as  a  rule,  a  demonstrable  nucleus,  granules 
of  various  types  and  often  vaeuole^.  Some  fungi  are  unicellular, 
as  are  the  bacteria,  but  most  arc  made  up  of  many  cells  which  are 
interdependent  and  show  some  differentiation  in  form  and  function. 

Typical  fungi  arc  made  up  of  cylindrical  cells^  joined  into  fila- 
ments,  from  which  smalicr  rounded  cells  called  spores  arc  developed. 
From  these  two  elements,  filaments  and  spores,  the  fungi  iniild  up 
a  structure  that  differs  immensely  in  complexity  ni  the  dilTcvent 
species.  The  imieellular  types  such  as  the  common  yeasts  grow  in 
easily  dissociated  masses  like  ])actcna  and  each  cell  combiucB  the 
functions  of  absorbing  food-stuffs,  of  Iniilding  them  up  into  its  own 
s\ibstance  and  of  reproducing  new  indivitluala.  In  the  molds,  which 
represent  simpler  multicellular  fungi,  the  filaments  lie  distinct  in 


'  This  chapter  ha«  been  rewritten  for  us  by  Dr.  J.  0.  HupkixiB. 

973 


974 


THE   HIGHER  BACTERIA,   MOLDS  AND  FITNGI 


a  loose  mcshwork.  without  definite  arrangement  except  that  certain 
of  thorn  arc  thrust  up  vertically  and  develop  spores.  In  the  liigher 
typcB,  of  which  the  mushrooms  arc  familiar  examples,  certain  fila- 
ments form  a  eobweb-like  net-work  which  is  spread  through  the 
soil  on  which  they  grow.  These  serve  to  absorb  and  pass  on  nourish- 
ment. They  connect  with  otlier  filaments  which  are  welded  together 
to  form  the  firm  umbrclla-likc  structure  which  projects  above  the 
ground.  This  is  covered  with  a  tough  protective  membrane  also 
made  up  of  closely  cohering  filaments.  Along  tlie  gills  on  the  under 
side  of  the  cap  are  rows  of  eliaracteristie  cells  {bcuiidia)  on  which 
the  spores  are  born.  These  different  portions  are  analogous  in 
function  to  the  roots,  stems,  hark,  fruit  and  seeds  of  high<'r  plants. 

The  gross  appearance,  the  microscopic  structure  and  especially 
the  type  of  spores  produced  are  relied  on  for  the  i<lentification  and 
classification  of  the  various  species  of  fungi.  Consequently,  it  will 
be  necessary  to  define  some  of  the  morphological  terms  used  before 
proceeding  to  a  description  of  the  different  pathogeiuc  types. 

MORPHOLOaiCAL    DEFIKITIONS 

The  ThaUua. — The  entiro  vogptntLve  portion  of  a  fupgus  is  called  the 
thallus:  the  individual  filaments  of  which  it  is  compoged.  huvhae.  WTien  the 
hyphae  lie  in  a  loose  meshwork  without  detlnite  aiTay^^eij^pnt,  thp  mp°°  '" 
termed  a  /H(yrt'fi»m  and  <tf.mptimps  this  tfrm  is  tipolied  to  the  entire  tliallua. 
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even  when  it  develops  a  charaeteristir  mnrpholocr.  In  some  species  the 
hyphae  are  continuous  tubes  with  multiple  nuclei;  in  others  they  are  divided 
by  sei»ta  into  chains  of  eylindrieal  eells. 

Hyphoe  whieh  have  special  functions  are  often  differentiated  from  the 
rest  of  the  mycelium.  In  most  of  the  pathogenic  funjri  the  timllns  is  rudi- 
nientar>*  and  it  is  not  necessary  to  discui^  here  the  elaborate  and  Fioinewhat 
confused  terminology  used  in  descrihin^r  the  more  complex  forma.  In  tlia 
species  to  be  ronsidered  only  the  fertile  hyphae,  i.e.,  those  that  i;ive  rise 
to  spores  are  differentiated.  They  are  exiled  aporuphores  or  conidiophorev, 
these  terms  being;  applied  sometime?)  to  one  specialized  rell,  sometimes  t4>  a 
multicellular  or  branched  Hlament  or  to  a  bundle  of  filamenU.  A  anmll  cell, 
or  even  a  conical  process  from  a  cell,  which  nerves  as  a  point  of  nttachment 
for  sporcH  is  called  a  sterifjma;  flask-shaped  cells  of  this  type  are  called 
phialiileH. 

Spores. — The  t^r^  spore  in  the  stricter  sense  means  a  rounded  rci^rofluc- 
tive  cell  analogous  in  function  to  the  multicellular  seed  of  a  hi^^licr  plant. 
As  a  rule,  a  spore  differs  in  form  from  the  parent  cell,  and  does  not  divide 
until  it  becomes  separated  from  the  thallus,  then  after  a  latent  period  it 
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Kernunnlos  and  piodaces  a  now  thalliis.  This  moaning  is  quite  dilTeront 
from  that  iu  which  the  word  Ib  utiod  when  describing  bncteriu.  The  same 
U»rm  is,  however,  ol'ten  loosely  used  for  any  rounded  cell  of  a  fungus,  whether 
it  be  a  jiail  of  the  body  of  the  organism,  or  an  encysted  reslinp  form,  or 
a  true  rejiroductive  ty|^»e.  Id  fact  the  function  of  a  cell  in  these  rudinieutur>' 
plants  is  often  Imrd  tu  di'One,  na  one  wliieh  seems  ut  Orst  to  he  merely  a 
compOBent  unit  of  the  thalliis  may  if  it  beeomcis  detached  reproduce  an  eutiro 
oi'gHuiHm.  We  may,  however^  divide  all  these  rounded  cells  into  two  classes: 
(tt)  True  spores,  the  ^ole  function  of  which  is  reproduction;  and  [h)  Ve^etn- 
tive  spores,  rememberinjc  that  the  latter  may  ulsti  sei*ve  to  reprotluce  the 
Bpecies. 

SiHires  differ  iu  their  mode  of  origin  and  in  their  uri'miffunicnt  on  ur 
within  tlte  thalius.  Almost  every  speeit^  of  funa^us  ]>roduceb  several  typea. 
There  are  two  ^oups  of  reproductive  spores,  one  sexually  produced,  the  other 
asexually.  Of  the  many  names  given  to  different  forms  we  will  atlenipt  to 
define  only  those  which  it  will  be  necessary  to  use  in  this  chapter.  It  will 
be  found  that  many  of  these  sre  used  in  a  somewhat  varying  sense  by 
different  writers. 

Kkpromjctive  Spores. — An  Oo-*pore  is  a  sexual  type  produced  by  the 
fertilization  of  a  female  cell  by  a  differentiated  male  cell. 

A  Zygospore  is  a  sexual  type  produced  by  the  fusiou  of  two  utidiffercn- 
tiated  cells. 

Conidium  is  a  general  term  applied  to  all  asexual  reproductive  spores. 
The~term  is  by  gotoe  writyni  j''^*^'^^^  ff^  x-^ospor^.i  or  those  formed  Ty^a 
bud  which  protrudea   from  tliP  membrane  of  fhp   pHrpnt  f^l! 

Endosporf  is  a  general  term  apjdied  to  any  spore  formed  within  the 
membrane  of  the  parent  cell. 

Ascospores  are  u  special  clas5  of  cndospores  which  are  formed  in  a 
membrane  known  as  the  ascnSf  the  number  of  spores  in  the  sack  being  limited 
to  two,  four,  or  eight,  and  constant  for  the  particular  species  producing; 
them.  The  parent  cell  from  which  ascospores  are  pro<hiced  has  originally 
two  nuclei  which  fuse  into  one  before  again  dindinj?  to  fonn  the  ascospores. 
This  fusion  is  regarded  by  Dangenrd  as  a  rudimentary  sexual  process,  it 
has  also  been  shown  by  Harper  and  others  tliat  in  certain  species  the  parent 
cell  it*  the  result  of  the  fertilisation  of  a  female  cell  by  a  differentiated  nmie 
cell.    This  is  not  true  of  some  of  the  simpler  types  such  as  yeasts. 

Baaidiosporea  are  exospores  produced  on  a  special  type  of  sporophore, 
known  ns  a  hasidium.  The  number  of  spores  on  a  basidium  is  limited  and 
constant  for  ii  given  species.  Like  the  nscus,  the  basidium  has  in  certain 
species  been  found  to  have  two  nuclei  which  fuse  before  the  spores  are 
produced. 

Vegetative  Spores. — Thallospore  is  a  general  term  applied  to  cells 
morphnlogieally  resembling  the  alwve  types- which  are  esst-ntially  a  part  of 
the  vegetative  portion  of  the  fungMs. 
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Blmtospores  nre  Ihallospores  which  (le^•eIop  by  budding:  fi-om  the  end  or 
side  of  the  parent  cell  niid  whieh  may  iu  turn  throw  out  another  bud  or 
a  mycelial  tilameut  M'ithout  becoming  detached^  and  witliout  any  period  of 
latency.     The  budu  of  yeast  cells  are  familiar  examples. 

Afihrosporeg  are  ihallospores  formed  by  the  segmentation  of  a  faypha 
into  a  chain  uf  cella  at  first  riibiral  aud  later  rounded. 

Cklannfftospores  are  single  thallospores  fomuMl  by  the  concentration  of 
the  protoplniim  of  a  hypha  into  a  swollen  }>ortion  of  the  ttlament,  dw 
membrane  of  which  becomes  thicketted.  They  are  yturely  resting  spores  and 
are  nluhely  amUopous  in  function  to  tlie  spures  of  bacteria.  They  appear 
as  roughly  sj)herical  thick-walled  cells  much  greater  in  diameter  than  the 
hyphffi  and  are  calle<l  intenmiarif  if  they  develop  in  the  oouree  of  a  continuous 
filament;  terminolf  if  at  the  end  of  a  lonp  hypha  or  a  short  lateral  branch. 

CLASSIFICATION 

The  whole  subject  of  the  classification  of  the  fungi  is  in  confu- 
siuii  and  the  phylojj:enetic  relationship  of  the  various  groups  is 
ohsc'uro.  Even  the  idt-ntifieation  of  a  speeics  is  often  difficult,  partly 
because  some  simpler  types  show  Utile  that  is  distinctive  in  their 
structure  but  chiefly  because  their  morphology  varies  greatly  with 
changed  enviroinneiit.  For  example,  some  of  the  btastomyccs  which 
grow  in  the  animal  lx>dy  as  round  cells  reproducing  by  means  of 
blaslospores,  when  placed  on  artificial  media  develop  a  mycelium 
and  rouidia.  Many  of  the  higher  forms,  too,  which  are  parnsiiie 
on  plants  assume  on  ditferent  hosts  forms  which  bear  no  resemblance 
to  each  other.  This  pkoviorphism  has  made  the  study  of  the  fungi 
a  difficult  field.  A  species  may  be  observed  for  years  before  it 
exhibits  characteristics  which  show  clearly  its  relationship  to  certain 
other  species. 

"^"^  nimlf^  ^^  Kpnrn  prA.1  lint  inn  ttrf  the  ehjcf  characteristic^  accord- 
ing  to  which  the  fungi  are  grouped — especially  those  modes  which 
seem  to  represent  a  sexual  process.  The  various  species  are  classed 
as  those  which  form  oospores,  or  ascospores,  etc.  Many,  however, 
produce  only  conidia  and  it  is  generally  considered  that  they  are 
degenerate  types  which  have  lost  the  power  of  even  rudimentary 
sexual  reproduction.  Such  varieties  are  often  grouped  together  as  the 
fu7tgi  imperfccti.  As  to  relationships  among  these  organisms,  there 
is  little  agreement  and  almost  every  writer  has  brought  forward  a 
new  grouping  and  a  new  classifieation.  There  are,  however,  certain 
large  groups  which  are  generally  recognized,  the  maic  characteristicit 
of  which  arc  shown  in  the  following  table: 
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The  PhycomycetoR,  Ascomycetw*  and  Hjrpbomycetea  are  the  only 
groupA  that  need  he  conadered  here.  The  two  former  fonoera  us 
chiefly  Ix'caitHo  they  art*  found  so  friMiui-ntly  as  contaminants  in 
bacterial  cult  vires  and  nnll  be  briefly  diseiwsed. 

PHYCOMYCETBS 

Members  of  the  genus  Mucor  belonging  to  This  order  frequently 
appear  in  agar  plates  which  have  been  opened.  They  develop  as  a 
mesh  of  delicate  white  filamenta  completely  filling  the  plate  and  pr^ss- 


Fia.  106. — Mdcor  Mucedo.    Single-celled  mycelium  with  three  hyphs  and  one 
developed  8|x>rangium.     (After  Kny,  from  Tivvel.) 

ing  against  the  eover.  The  sporangia  can  be  seen  with  the  naked 
eye  as  black  dots  scattered  through  the  growth.  On  opening  such  a 
plate  the  niesliwork  quickly  collapses  and  forms  a  white  speckled 
felt  work  over  the  medium. 

Microscopically  the  mycelium  consists  of  branching  tubular  fila- 
ments with  or  without  septa,  Xhe  usual  ntodc  of  rp])roduL^tion  is  by 
asexual  spores.  These  develop  in  the  tip  of  a  hypha  which  enlarges 
to  form  a  spherical  or  pear-shaped  capaule,  the  sj)oranfjiti)tu  The 
septum  whicli  divides  it  trom  the  supporting  hypha  bulges  into  the 
sporangium,  forming  the  columellQ,    Within  the  capsule  innumerable 
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sporangioftpores  develop  wjtieh  are  freed  by  its  rupture.  Sexual 
reproductiou,  which  is  less  frequent,  coiisisis  in  tin-  fusUui  of  thr  lips 
^r  lateral  proceases  of  two  neighboring  hypjift,  whicli  fnrni  a  lajyc 
flpore  covered  with  a  warty  membrane,  known  ils  a  Zf/tfosjwrc.  No 
exospores  are  formed  by  the  mucors  but  chlamydospores  are  numerous. 


i 


i 


YiQ.  107. — MvoOR  MucEDo.  1.  Sporagium,  c.  columella,  m.  sporangium  rapmile 
np.  sporea.  2.  Columella,  after  bursting  of  BporaagiuiD  3.  Poorly  Ucveioped 
sporangia.  4,  Germinating  spore.  5.  Emptying  of  spomngiuui.  [After 
Brefeld.) 

The  common  laboratory  eontaminnnts  are  Mucor  mucedo  a  (.'onstant  in- 
habitant of  horse  dung^  and  Mucor  pitsilUiSf  which  can  uhually  !>«  ubtained 
by  allowing  a  piece  of  moistened  bread  to  stand  in  a  covcri»d  Petri  dish. 

Mucor  corymbifer  (Liehteiniia  corymbifera)  differs  from  thp  pro<feding 
species  in  having  pear-shaped  instead  of  sphorical  sporangia  born  in  loose 
clnsters  on  byphae  which  are  not  raiae<l  above  the  surface  of  the  medium. 
This  species  is  pathogenic  for  rabbits,  and  has  been  reported  as  the  cause 
of  inflammations  of  the  auditory  canal  and  of  other  infections  in  man. 


ASCOMYCETES 


Tn  this  pTfi^ip  a*'^  inchuied  nil  fungi  wtiich  form  nseoanores.  The 
majority  have  a  myeelium  made  up  of  septate  filaments  and  repro- 
duce by  means  of  conidia  whicn  arc  treqnently  1)0171  on  characteristic 
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structures.    In  the  lower  types  met  with  as  laboratory  eoutaniinants 
aacospoie  formation  is  rarely  observed. 

llic  Yca^is. — The  simplest  forms  of  aseom>*cetes  are  the  exoasei  ol 
whicli  the  yeasts  or  saccharomycetes  are  familiar  examples.  These 
develop  on  laboratory  media  as  moist  masses  of  separate  round  or 
oval  eells  usually  from  10  to  20  microns  in  diameter.  These  send 
out  buds   (blastospores)   whicli   frradually  assume   the  size  of  the 


Fio.  108. — MocoH  MucKDO.  Formatkm  of  lygoapore.  I.  Two  branches  coalesc- 
ing. 2  and  3.  Process  of  conjugation.  4.  Ripe  isygocpore.  5.  Germiniition 
of  zygospore,  6  and  7.  Muoorerectus.  Azygosporulaiion.  No  two  bnuichea 
meet,  but  form  spore*  without  fN^njugation.  8  and  9  Mucor  tenuis.  Azygo 
Hponiiation.  The  sporea  grow  out  from  Bide  bmrirhp,«»  without  st'vunl  union. 
(1-5  after  Brcfeld;  0-0  after  Banier,  from  Tavel  ) 


parent  cells  from  which  they  quickly  separate.  Wlien  grown  oh  a 
dry  surface  some  of  the  cells  divide  into  ascospores  which  remain 
for  a  while  enclosed  in  the  membrane  of  the  parent  cell  or  ascus. 
Typical  yeasts  are  unicellular  but  'm  some  species  the  cells  succes- 
sively produced  by  budding  adhere  to  the  parent  cells  and  form 
mycelial  filaments,  which  consist  of  chains  of  round  or  oval  units. 
In  other  cases  the  indindual  eells  of  such  a  chain  elongate  and  form 
R  hypha  with  cylindrical  elements. 
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The  yeasts  have  been  studied  most  extensively  in  eonncetion  with  fermou- 
tation  and  are  industrially  of  great  importance  in  the  proiluction  of  wine 
and  beer.  Much  of  our  knowledge  of  the  life-processes  of  bacteria  is  based 
on  these  early  investigations  of  the  yensts.  Although  Schwann,  as  early 
as  1837,  reeogTiized  the  fact  that  many  fermentations  could  not  or*our  without 
the  presence  of  yeast,  it  was  not  until  considerably  later  that  the  study 
of  such  fermentations  was  put  upon  a  scientific  basis.    The  typical  ferinen 


Fio.  109. — Ykast  Cell*.     Vomig  i-uliure  unstained.     (iVftcr  Zettnow) 


tative  action  consints^  in  the  trnnsforuiation  of  sugar  into  ethyl  alcohol  accord- 
ing to  the  following  rormula: 

CJIuO,  =  2  t  ,H.OH  -f-  !•  CO.. 

The  enzyme  by  which  this  fermentation  is  produced  is  known  as  "zymase," 
and  is,  according  to  Buchner,  in  most  cases,  an  endo-enz\'me  which  may  be 
procured  from  the  cell  by  expression  in  a  hydraulic  press.  In  addition  to 
this,  however,  tht-  various  ye4ists  also  produce  other  ferments  by  means 
of  which  they  may  split  higher  carbohydrates,  such  as  saccbarose.  maltoee, 
and  even  starcli,  and  prepare  them  for  action  of  the  zymase.  The  manner 
in  which  this  is  accomplished,  and  the  by-products  which  are  formed  during 
the  process,  vary  among  diiTerent  species,  and  it  is  for  this  reason  that 
the  employment  of  pure  cultures  is  of  such  great  importance  in  the  xvine 
and  beer  industries  where  differences  in  flavor  and  other  qualities  may  be 
directly  dependent  upon  the  particular  species  of  yeast  employed  for  the 


■  Pasteur,  Etudes  ?"r  la  bifcre,  Paria,  1876. 
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fei-iuentutiuii.  It  j^  due  to  itie  work  ehteily  ul  raateui*'  uud  of  Uiinscn* 
that  the  beci'  and  wine  industries  huvc  been  cfirried  on  along  exact  anil 
lientiiio  UneH. 
Many  observer^  include  in  the  yeast  family  oertain  pathogenic  fungi 
causing  thrush  and  bhistomyvosis.  These  will  be  described  in  the  sccLion 
on  the  hyphomycetes. 

The  Molds. — The  powdery  molds  which  so  frcH|nontly  appi'iir  in 
Petri  dish  cultures  and  which  even  grow  through  eottou  plugs  and 


Fio,  110. — Pbniciujcm  Glau-     Fig.  111.— AsPERouxca   Gukucus.     m.    Myoolial 
CUM.      A.  Showing  sept&t^  threads,     b.     8t<crigmata.     r.     Ascosporp.     p. 

mycelia.    B.  Kndof&hypha  Germinating  condium.    A.  Aacun.     (After  de 

—branching  into  two  wni-  Bary.) 

diophorc«,  fioni  wliirh  arc 
given  off  the  steriginata. 
Prom  the  ends  of  thenc  are 
devfilopcd  the  round  conidia. 
(After  Zopf .) 

invade  tube  cultures  also  belong  to  iho  ascomycetes.  The  two 
commonest  gi-nera  have  characteriatie  eonidiophores  which  make 
their  identification  easy. 


'UanMritf  Prac.  Studies  in  Fenneotatiun, -London,  1896. 
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In  the  PenicUUwH  fflaucum  (or  cruslaceiini )  tlie  fertile  hyphne  show 
numerous  braucfaes  toward  their  upper  extrcmiliea  and  termiunte  in  a 
radiating  group  of  ilask-shaped  ceils  (phiaJidea)  from  the  tipft  of  which 
chains  of  conidia  develop — the  atructurp  sotnewiiot  resembling  a  broom, 
TypirnI  cultures  havo  a  dusty  green  color. 

The  AspertfilU  are  equally  oommon  and  troubleaome  contaminants.  They 
appear  on  culture  media  as  a  white  feltwork  often  thickly  dotted  with  block 
points  becoming  in  older  cultures  diffusely  black  or  yellow  or  green.  The 
ctuiidia  are  bom  on  hypliae  which  terminate  in  a  large  rounded  head  from 
which  phialides  project  in  all  directions.  From  the  tips  of  these  extend 
chains  of  conidia,  often  so  densely  packed  together  that  the  supporting 
strueture  ia  hidden  and  the  whole  appears  as  a  spherical  mass  of  pigmented 
spores.  These  molds  are  active  producers  of  oxalic  and  other  organic  acids. 
The  Sterigmocytftia  differs  from  the  aspergillus  in  that  secondary  pliialideii 
each  bearing  a  chain  of  spores  project  from  each  primary  phialide. 

Pathogenicity, — Many  species  of  these  molds  are  pathogenic  for  labora- 
tory animala  if  the  sporw  are  injrt'ted  intravenously.  A  number  of  human 
infections  have  also  been  ascribed  to  tliem.  So-called  pulmonary  usperigiilosia 
is  a  condition  clinically  resembling  luben-ulosis,  in  which  an  aspergillus, 
Uiiually  the  speciea  fumigates,  is  found  abundantly  in  the  sputum.  In  most 
caso^s  the  fungus  mereiy  invades  tissue  previously  infected  with  tubeix'ulosi?* 
in  other  cases  (notably  in  the  infection  whi«'h  has  I>een  describetl  in  the 
pigeon  feeders  of  Paris  by  Dieulafoy  and  by  Chantemesse  and  Widal)  the 
disease  is  apparently  primary  and  spontaneous  cure  may  result.  Madura 
foot,  a  disease  whicli  will  lie  referred  to  in  discussing  the  nctinomyces  group, 
has  been  in  certain  cases  attributed  to  infection  with  these  molds. 

Pinta  or  Carats,  n  disease  of  tropical  America  characterized  by  super- 
ficial colored  patches  on  the  skin  ia  thought  to  be  caused  in  some  cases  by 
aspergiUi,  in  others  by  a  speeiea  of  trichophyton.  Aspergilli  have  also  been 
reported  as  infecting  the  eye,  nose,  auditoi*y  canal  and  wounds  in  various 
regions. 

HYPHOMYCETES 


{Fungi  imprrfecti) 

Most  of  the  fungi  which  have  definitely  been  shown  to  be  the 
cause  of  human  disease  art^  rudimontary  types  in  which  one  can 
detect  no  distinctive  reproductive  pro  cesses.  This  makes  impossibl  e 
their  classification  in  the  well  defined  groups  of  fungi.  The  thallus 
is,  as  a  ride,  -witlTOut  characteristic  structure  and  rcprodudion  is 
by  means  of  simple  conidia.  Certain  types  do  show  close  analogy- 
to  saprophytic  fungi  with  specialized  spores.     For  example,  some 
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strains  of  blastomycetes  grow  as  a  mass  of  round  cells  developing 
by  means  of  blastospores,  wliioli  indicates  a  close  relationsliip  to 
the  true  yeasts,  and  althougli  ascospore  formation  has  never  been 
observed  Bnimpt  and  otliers  group  them  among  the  ascomycetes. 
Other  strains  producing  the  same  type  of  disease  are  considered  by 
nil  to  be  hyphomycetes. 

As  the  botanical  classification  of  these  organisms  is  still  the 
subject  of  controversy  it  has  seemed  clearer  for  the  purposes  of 
this  chapter  to  arrange  them  according  to  the  discuses  wliich  Ihey 
produce.  For  discussion  of  their  botanical  relationslnps  as  well 
as  for  an  account  the  numerous  species  which  have  been  described, 
one  is  referred  to  the  works  of  Bnimpt,*  Castellanni,*  and  Plant.* 
Only  the  more  important  types  can  be  mentioned  here. 


BLASTOMYCOSIS 

l^.nsHc^  in  1894  reported  a  ease  of  fat  a  1,  generalized  yeast  infec- 
tion beginning  in  an  aWess  of  the  tibia.  Bus  from  the  lesions 
contained  numerous  giant  cells  in  which  he  observed  round  or  oval, 
jioij^ble-eontoured  Ixidies  surrounded  by  a  wide  capsule.  They  varied 
in  size  from  that  of  a  red  corpuscle  to  that  of  a  liver  cell.  Many 
showed  small  cells  projeeling  as  buds  from  the  larger  parasites. 
The  parasite  grew  readily  on  ordinary  media  in  budding  forms, 
often  surrounded  by  a  capsule  as  in  the  tissues.  It  was  pathogenic 
for  lal)oralory  animals  especially  for  white  miei\  In  j^lucose  solu- 
tions it  produced  carbon  dioxide  and  alcohol.  In  1896  Gilehnst" 
des<Til)ed  a  similar  organism  isolated  from  a  patient  with  a  severe 
chronic  cutaneous  disea.se  which  he  described  as  pseudo  lupus  \iil- 
garis.  This  organism  also  was  found  in  giant  cells,  was  eapsulated, 
and  sliowed  budding  forms.  In  culture,  however,  it  produced 
mycelia  and  conidia  and  did  not  ferment  glucose.  Oxalic  acid 
crystals  w^crc  seen  in  the  cultures,     lu  tiie  same  year  Curtia"  in 


*  Brampt,  PrveiB  de  Parisitologie^  Masson  et  Cie.  pRri!i. 
*ChifImcr9  and  Casteilani^  Handbook  of   Tropical   Medicint*. 
"■^TfiiMf,' n^.  C,  Handb.  rl.  Path.  Mioroorg.,  KoHe  u.  Wansermann,  vol.  V. 
^  Bujise,  ContrfiTBtrr.  Baktoriol..  !„  18N.  xvi.  175. 
•Oilrhritt,  Bull.  Johns  HopkikiS  Kutip.,   1S96,  vti. 
•Curtis,  Ann.  *1a  I'lnst.  Psaii^ur,   18M,  x. 
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tut:  mr.TiKR  HArTKniA,  Moras  \\n  fx^scj 


The  Pliyroiuyccit'.s,    ^  rtOK  and  li> j)ii*»mynirs  nrc  tlic  only 

groupH  tliat   iifcd  111'  i'tri  i  hfi'i'.     Tlir  two  former  eoiuu'rn  us 

chiefly  WcatUi*  tlu^y  arc  fmiitd  so  frc(iiirni1y  as  oontamluanifi  in 
bacterial  cultures  aud  will  be  briefly  discufwcd. 

PHYCOMYCETES 

Mrmbcrs  of  the  genus  Mucor  belonging  to  this  order  frequently 
appear  in  iigur  plate«  which  liftve  been  opened.  They  develop  as  a 
mwh  of  delieatc  white  filaments  completely  filliiii 


Pio.  106. — Mucun  Mdcbdo.    Single-celled  myceliurn  with  three  hyphm  and  out 
devolop«d  aporangiuiu.    (After  Kny.  from  Tuvel.) 

jpg  against  the  cover.     The  sporangia  can  be  seen  with  the  naked 
eye  as  bhiek  liots  seattered  througli  the  frrowth.     On  opening  Huch  a 
plate  the  nieMhwork  quickly  collapses  niul    forms  a   whif*-  M}trrkle(l 
feltwork  over  the  medium. 

Microscopically  the  mycelium  conxists  *»[  hriuu'hing  lulmlar  tila- 
incnlH  with  or  without  septa.    X.he  usual  mode  of  re|'r>»bwHim  i.s  by 
a&exuul  spore-s.     Thcw  develop  in  the  tip  of  a  hypha  ;ilarges 

To  rpi-i:  ;i1  or  pear-s}\nped  capsulcj  the  spofanuiutti^     The 

septuiii   .:......  ;;...<.les  it  Yroin  tliesuppoining  hypha  bulges  into  the 

sporangium,  forming  the  columeUu.    Witfaiii  the  capsule  innumerable 


THE  PATHOGENIC  FUNGI 


979 


w5^^'»piospores  develop  which  are  frcod  hy  its  rupture.  ;ii:xual 
[ rt^nrchlurtion^ jvUich  is  jess  l're<iut*iit,  consists  in  the  fusunT^f  the  lii*H 
iipr  lateral  T>rocesses  of  two  neighboring  hypliic,  which  form  a  large 
[isporo  covered  with  a  w^arty  membrane,  known  iis  a  Ziftjospon.  No 
pexospores  are  formed  by  the  mucors  but  chlamydospurcii  tt!'e  numerous. 


f  J||HpOR  MuciCDO.     1.  Spomgiuni,  c   eolumellA*  m   sponutgiuin  capsulo 


Via.  101 J    ^^^ 

sp.  ijSiS.  2,  Columella,  aft«r  biiTKting  of  ritmrungiiim.  3.  Poorly  drveloiifd 
sporangia.  4.  Germinating  spore.  5.  Emptying  of  uportuigium.  (After 
Brefeld.) 


The  common  laboratory  contaminants  are  Mucor  mticedo  a  constant  in- 
|liBbitant  of  horse  dung:,  And  Mueor  p\i%Hlu»,  which  nan  Uiiually  be  obtained 
[by  allowing:  a  pieee  of  moistened  bread  to  stand  in  a  covered  Petri  dthli. 
Jiucor  corymbifer  (Lichteimia  corymhifora)  differs  from  the  precedinjij 
lies  in  having  pear-shaped  instead  of  splirrical  .sporangia  born  in  K)ose 
|i<lusters  on  hypbae  which  are  not  raised  above  the  surface  uf  the  medium. 
[This  species  is  pathogenic  for  rabbits,  and  haw  been  rejiorted  as  the  cause 
lof  iiidammaLionji  of  the  auditory  canal  and  of  other  infections  in  man. 


A8C0MY0ETE8 


In  thia  proup  are  included  all  fungi  which  form  asroaporca.    The 
itoajority  have  a  piycclium  made  up  of  septate  filaments  and  r' 
'ducc  by  means  of  eonidia  which  arefrequcntly  born  on  eharact 
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Hlrupturos.    Li  tlio  lower  types  mcl  with  &»  laboratory  contaiuhiBUta 
ascospurc  formation  in  rarely  ob.svrved. 

The  Yvasiis. — The  simpleKt  forms  of  asromycete?*  we  llit  cxoasci  o£ 
whieli  tin*  yt'astH  or  saocharomyceti^«  are  familiar  exainplKS,  Thftae 
develop  oD  laboratory  media  aa  moist  inaHs<*»  of  separate  round  or 
oval  ceils  usually  from  10  to  20  microns  in  diameter.  These  send 
out  buds   (blastoaporesl    which   grradiially  aHHUme  the  Hizc  of  the 


Fio.  106. — MucoR  MnoKDo.  Formation  of  »yKO«|>orc.  I.  IVo  bninoiica  ooalMO- 
ing  2  an<l  3,  I'rocraB  of  cotijugution.  1  Hipv  sygusptjir.  5.  GcTroinattoQ 
of  Bygospore,  0  wid  7.  Muixir  erectua.  Aej'gQ  sporuUiiou.  No  two  branchw* 
meet,  but  form  spores  without  conju«alion.  8  and  9  Mucor  t4?ouis  Axygo 
Bponilulion.  The  sporr^  (crow  (ait  from  side  bnnohcs  without  Boxual  union. 
(\-b  after  Brvfeld;  6-fl  after  Hanicr.  from  Tnvol  ) 


parent  cells  from  which  they  qtiiekly  separate.  When  irrown  on  a 
dry  surface  somt*  of  the  cells  divide  into  nseospores  which  remain 
for  a  while  enclosed  in  the  mentbrane  of  thft  parent  cell  or  ascus. 
Tyi^iea!  yeasts  are  unicellular  but  in  some  spf-cies  the  cells  succes- 
sively prodiiced  by  budding  adhere  to  tlie  parent  cells  and  form 
myeelial  filaments,  which  consist  of  ch&iits  of  round  or  oval  units. 
In  other  enses  the  in*lividual  cells  of  such  a  chain  elongate  and  form 
n  hypha  with  cylindrical  elements. 
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le  yeasts  have  been  sliKlied  mosl  cxtonsivuly  m  connection  with  feriDpn- 
(fllion  and  are  indnslrinlly  of  great  importance  in  the  production  of  wine 
and  b«er.  Mach  of  our  knowledge  of  the  life-processes  of  bacteria  is  ba£«d 
on  these  early  investigations  of  the  yeasts.  Although  Schwann,  ns  early 
as  1837,  recoginzed  the  fact  that  many  femientationF  could  not  occur  witliout 
the  presence  of  yeast,  it  was  not  nntil  considoralily  later  that  the  stndy 
of  such  fermentations  was  pot  upon  a  srientiflQ  basis.     The  typical  iVrinrn- 


109. — ^^'kast  Czum.    Young  culture  unstiiitK-')      *  After  Zettnow  ) 

Ion  consists  in  the  traiisformulion  of  tai^^ur  u\io  etliyl  alcohol  ucconi 
iiig  to  the  following  fornnila : 


C»H«0,  ^  :;  C,H,OH  -f.  2  CO,. 

The  enzyme  by  which  tliis  fermentation  is  produced  is  knonrn  as  "zymn&c/' 
and  iSf  according  to  Buchner,  in  most  cases,  on  etido-enzyme  which  may  be 
procured  from  the  cell  by  expression  in  a  hydraulic  press.     In  addition  lo 
this,   howevejr,   tlie   various  yeasts   also    produce   other   fernientjj  by   means 
of  which  they  may  split  higher  earlK>hydrates»  such  as  saccltaroae^  mnltue 
and  even  starch,  and  prepare  them  for  action  of  the  zymase.     The  manw 
in  which  this  is  accomplished,  and  the  by-prc»duct8  which  are  formed  tlar 
the  process,  vary  aniong  different  species,  and  it  is  for  this 
the  employment  of  pure  cultures  is  of  such  yreat  import3uce  '' 
and  beer  industries  where  differences  in  flavor  and  other  qualx 
directly  dependent  upon  the  particular  species  of  yeast  ompl(X, 


*ra$ieur,  ^tndes  ?iir  la  bi^rc,  Paria,  IS7A. 
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feiiui'niuliuh.  It  iti  due  to  ihi*  wurk  i-liiefly  of  l*a»teur-  arid  of  Honsro' 
tbat  the  beer  nnd  winr  iiiilii:^tru'3  tiavo  hrcn  ravnrd  iiri  alittiu''  cxarl  and 
Koientiflc  tines. 

Many  obHtTN'i'i^  iii'iiuU'  in  ilit?  yciwl  luiijiiy  I't'rt^jin  i.uitho^eiJit!  tuugi 
oaueiu^  thrubli  uiul  bluMtoDiycuBin.  Theaw  will  be  dufi^vribifd  in  the  »eelioD 
on  thp  byphnoiycetra. 

The  Molds. — Thp  powdery  molds  whieh  ho  froqijotitly  appimr  in 
Petri  dLsh  cultun^  tuid  which  even  gi-ow  through  cotton  plugN  and 


Fio.  UO. — pRXiciLLitru Guic-     Fiu.   Ill,— A^EKutLLi;8   Glavcub.    m.    Myociial 
cum.      A.  Sljowmg  septute  threwla.    »,    St«rigmat*     r     AaoMpore      p. 

myc-ulia     B.  F.ud  of  n  hyphu  Gcrniinating  cx)ud'!ujn.    A.  Amtui.     (After  de 

— bnuichiiig  into  two  <-Hmi-  Borj*.) 

diophore**,  from  which  tu-o 
given  off  th^"  sterifcmata 
From  tho  ondH  of  thwK*  nre 
developed  ihr  rnund  mnidift. 

invade  tube  cultures  also  belong  to  the  ascomycetes.  The  two 
commonest  gmora  have  eharacteriatic  ronidiophorcH  which  make 
their  ittcntiHcatiou  easy. 


*  ffaiuettf  Prac  Siudice  m  Frrmeotation,  l^ndon,  ItfM. 
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In  the  PenicilUufn   (flcucum    (or   cnistacemn)    tlio   fortile   Ijyplme   abo 

lumcrous    branches    toward    their    upper   extri^miti*^   nnd    tpmiinjiK;    in    w 

radiating  group   of  flask-slmpcd  cells   (phialidth^)    from   the  tipn  of  wbich 

chains  of  couidia   devido|) — the   Btniuturp   :M>inewhtU   reH^mbtiri^   a    biiKim. 

Typical  cultures  have  a  diisly  green  color,  ,] 

The  AspergiUi  are  equally  eouimon  and  Iroubk-aome  coiitumiuautji,  Tbej 
appear  on  culture  media  as  a  white  feltwork  nfteu  thickly  dotted  with  hiaci 
points  beooming  in  older  cultures  difTusely  black  or  yellow  or  ^een.  Th« 
c«)iiidia  are  born  on  hyphac  which  terminate  in  a  large  rounded  head  from 
wbioh  phialides  project  in  all  direclionh.  From  the  tipn  of  thpse  extend 
ebains  of  couidia,  often  so  densely  packed  together  thnt  the  supporting 
Btnicture  is  hidden  and  the  whole  appears  as  a  spherical  mass  of  pigmented 
spores.  TheAe  molds  are  a«tiw  producent  of  oxaltct  nnd  other  orgr&nie  aeidR. 
The  Sterigmoctfiftifi  difTers  from  the  asperplhiH  in  that  secondar)*  pliialidofi 
each  boarinp  a  chain  of  spores  project  from  eaoli  i>rimHry  phinlide. 

Pathogenicity. — Many  spet'ies  fif  these  molds  are  pathotrenie  for  labonu 
tor>'  animals  if  the  9port*8  are  injected  intravenously.  A  number  of  huninn 
infections  have  also  been  ascribed  to  them,  So-<^IJed  pulmonary  nspen(nllf>si8 
is  a  condition  cUuically  reHf'mblLii>r  tubercnilosis,  in  wliich  un  aMjter^hlluM. 
usually  the  species  fuiuigatus;  is  found  abundantly  iu  tlio  sputum.  In  most 
cases  the  funguft  merely  invades  tissue  previously  infected  with  tuberculosis, 
in  otJier  cases  (notably  in  the  infection  whioh  has  been  d£.>scribcd  in  the 
pifreon  feeders  of  Paris  by  Dieulafoy  nnd  by  Chantrmes.se  atui  Widnl)  the 
disease  is  apparently  primary  and  spontanrous  nirc  mny  result.  Madura 
foot,  a  disease  which  will  t>e  referred  to  iu  discussing  tlio  actinomyces  K''oupi 
has  been  in  certain  eases  attributed  to  infection  with  these  molds. 

Pinta  or  Caratc,  a  disejisc  of  tropical  America  riiaracterized  by  super- 
ficial colored  patches  on  the  skin  is  thought  to  be  cuused  in  some  cas«>s  by 
asperpUi^  in  others  by  a  species  of  trichophyton.  Asperjrilli  have  also  been 
reported  as  infecting  the  eye,  nose,  auditory*  cjinul  and  wounds  in  various 
Tvgions. 

HYPHOMYCETES 


{Futiffi  imperfecti) 

Most  of  the  fungi  which  have  dofinitrly  l>ceTi  shown  to  be  the 
cause  of  human  disease  are  rudimentary  types  in  which  one  can 
detect  no  distinctive  reproductive  proeossos.  This  rnnkes  invposHJM e 
their  classification  in  the  well  defined  groups  of  fungi.  The  thallus 
is,  as  a  rule,  -without  characteristic  .structure  and  rcprodvidion  is 
by  means  of  simple  eonidia.  Certaiii  types  do  show  close  analt^^i 
to  saprophytic  fungi  with  specialized  spores.     For  example,  son 
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Htruiiis  of  blaslomycctes  grow  as  a  mass  of  round  cells  developing 

by  iiionn^  of  blaRtospores,  whicli  indicates  a  close  relationship  to 

the  true  yeasts,  and  although  ascospore  formation  has  never  bcca, 

[«bserv*ed  Brumpt  and  others  ^roup  them  among  the  ascomyc&teju' 

[Othor  strains  producing  the  same  type  of  disease  arc  considered  by 

til  to  be  hyphomycctes. 

As  the  botanical  classification  of  these  organisms  is  still  the 
lubjcct  of  controversy  it  has  seemed  dearer  tor  th«  purposes  of 
[his  diaptcr  to  ai-ran^^  thcni  according  1o  liic  diseases  wiucli  they 
iroducf.  For  diseusNion  of  their  botanical  relationships  us  well 
as  for  un  account  the  tuimerous  species  which  have  been  des<'nlx»d, 
one  Ls  referred  to  the  works  of  Hniinpt,*  (JiLStellanni,*  and  Plant." 
[K)nly  the  more  important  types  can  be  mentioned  here. 


BLASTOMYCOSIS 

UuKse^  in  WH  reported  a  case  of  fa t al,  gencrnlixcd  ymst  infer^ 
tion  beginning  in  an  alwcoss  of  tlu'  tibia.     T^np  from  the  lesionilj 
coiitainrd  numerous  giarrt  cellfl  in  which  he  ohscrviMJ  round  or  ovaU 

|*^oq.blc-contonrea  bodies  surround  eel  by  a  wide  capsvUe.    They  varied 

[In  size  from  that  of  a  red  corpuscle  to  that  of  a  liver  cell.     Many 
ihowed  small  cells  projecting  as  buds  from  the  lai'ger  parasites. 

;Tbe  parasite  grew  readily  on  ordinary  media  in  budding  fori 
often  surrounded  by  a  capsule  as  in  th*'  tissues.  It  was  pathogeni 
;£or  laboratory  animals  cKpocially  for  white  mice.  Li  glucose  soli 
tions  it  produced  carbon  dioxide  and  alcohol.  In  1896  (Jilehrist" 
described  a  similar  organism  isolated  from  n  patient  with  a  severe 
chroiuc  cutaneous  diHcasc  whieli  he  described  as  pseudo  lupus  vul- 
garis. This  organism  also  was  found  in  giant  cells,  was  capsulatcd. 
and  .showed  budding  forms.  In  culture,  however,  it  pri»<luccd 
uiycelia   and   eouidia    and   did   not    ferment    glucose.      Oxalie    acid 

^crystals  were  seen  in  the  cultures.     In  the  same  year  Curtia'  in 


'■      "'Pt,  Fr#ci»  lie  P»Ti»itoIng»e.  Mpaion  vi  Oie.  Psria. 

n.cri   and   CastetJani.  Handbook  of   TTopicuJ   Mrdutlmv 
"trpiavf,  K,  C„  Hnndb.  d.  Palh.  Mieroyrg.,  KoU«  u.  AViunwniiaun,  rol,  V, 
^nuMSf,  C^'ntrffmt  r.   BAkt*»rioI..  T.   lKr»4.  jn-l,   175. 
*(fiU'XriMl,  Riill.  Johns  HopVihs  Hosp.,   ISOrt,  vii. 
*Cvrii»,  Ann.  •!#  rinvt.  Pnstour.  1696,  x. 
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France  isolated  a  similar  parasite  from  a  myxomatous  tumor  of  the 
leg. 

NuDieroua  cases  of  infection  with  yeaat-like  organisma  have  since 
been  described.  In  a  case  reported  by  ZinsHer'**  the  lesion  was  an 
abscess  of  the  back  involving  the  spine.  The  parasite  corresponded 
moi-pholuyricaily  to  liussc's.  Animal  inoculation  in  rabbits  and 
guinea-pigs  proved  positive  and  the  organism  sot>med  to  show  a 
selective  preference  for  the  lungs  and  spleen.  In  Iho  lungs  of  the 
animals,  especially,  lesions  were  found  with  surprising  regularity 
even  when  the  inoculation  was  made  intraperitoneal ly. 

Clinieally  tliere  arc  two  distiu^^t  Ivi"'"  "*"  **'''t  'tineiMw,  t*"*  ^^lft><tf*- 
jpvoetii'  dtTumtitis  of  Gilchrist  and  the  systemic  blastomycosis.  The 
former  is  by  far  tlie  more  common.  Of  the  latter  a  collection  of 
forty-seven  eases  was  made  in  1916.*^    The  portal  of  entry  in  many 

of  these  has  seemed  to  ho  Uu-  vpgpirntnrv  trnpt  the  fii^yWov  h>sionK 
being  in  the  lun{^.  In  other  eases  the  general  infeetion  has  followed 
a  cutaneous  lesion.  The  skin  and  subcutaneous  tissues  show  the 
most  iiumei'ous  seeondavy  lesions  but  the  bones,  liver,  spleen,  kidney 
and  biuin  have  each  been  involved  in  several  instances. 


BLASTOMVCaS  HOMINTS 


^Sacch'aromyces  hominis,  Husse;  Cryptovoccus  Oilchristi,  V'uillerain; 
Zymonema  Giichn'slif  de  Beurmann  and  Gougerot ;  Mycodcrma 
dermatitis,  Brumpt;  Oidium  Hvktoenii,  Ricketts} 


The  paraaites  causing  this  disease  probably  represent  a  group 
of  allied  organisms  rather  than  an  individual  species,    Aa  seen  in 

till-  tJHsnHs  itr  (*.\ud{ile^s  they  have  sliowii  a  marked  similarity  in 
all  eas^^.  In  the  abseesses  of  the  generalized  form  tliey  are  very 
numerous,  in  the  futaiieouH  form  somewhat  more  difficult  to  find 
and  are  best  aoutfht  in  the  small  epidermal  abst-essrs  whJeh  border 
^sion.  ]n  an  unstained  moist  fihi^  ^>t'  pim  upr.-iwl  ^^^it  lietween 
>}-<M-slip  und  slidi'  they  appear  as  round  or  occasionally  oval 
highly  lefraetivc  hntlies  containing  granules  of  various  si/es  and 
often  vacuoles  and  surroun<led  by  a  hyalin  capsule.  They  vary 
greatly  in  diameter  usually  from  10  to  20  microns.    Budding  forms 

^  Zvistter,  Proe.  New  York  Path.  Soc,   1907,  vii. 
"  Wade  and  Bel,  Arch.  Int.  Mod.,   1916,  xriii,  103. 


and  pail's  united  in  a  fi(jure  eight  can  iLsually  be  found.  They  stand 
uut  more  definitely  if  the  pus  is  cleared  by  mixing  with  a  10  per  cent 
potasnium  hydrate  solution.  They  stain  irregularly.  As  a  rule 
with  the  stronger  aniline  dyes  they  are  overstained  so  that  the 
details  are  obscured.  With  hemotoxylin  cosine  the  capsule  usually 
remains  unstained  and  the  body  takes  a  pale  stain  ^^^th  deep  blue 
granules  but  in  some  cells  the  capsule  may  stain  deeply.  Thionine, 
polyehroino  methylene  l)lue,  and  "Wright's  bluod  stain  have  been 
ix*oommended.  In  tissue  sections  stained  with  hemotoxylin  and 
eosin,  or  better  with  thionine,  or  methylene  bine  the  clean  cut, 
circular  parasites  arc  easily  recognized,  lying,  us  a  rule,  within 
multinxiclear  giant  cells. 

IsoUtion. — The  isolation  of  the  orgnnism  is  rendered  dilhcult  by  the 
frequent  presence  in  the  lesions  of  bnct«ria  wliioh  develop  more  rapidly 
than  the  fun^s.  Gilchrist  and  Zinsser  encountered  Gram-poyitive  cocoi, 
others  diphtheroid  baeilli.  No  NptH'inl  mrtliods  for  fucilitatin^  isolation  have 
been  devised  but  Bueeens  will  often  attend  painstakin^r  and  repeated  plating 
of  the  cultures  in  high  dihition.  The  most  favorable  medium  is  glucose 
iignr  and  the  organisms  develop  well  at  room  or  at  incubator  temperature. 

Cultural  Charoi'teruttic!*, — pn  ayflr  or  glucose  agar  the  colonies  api>ear 
afteJ  two  to  four  days  as  minulo  glistening  white  hemispherical  spots  whieh 
are  not  unlike  colonies  of  staphylococcus  albus.  In  older  cultures  the  appear- 
ance ot^  different  SirulllB  SikUWs  marked  variations,  some  remain  injj  smooth 
and  pasty,  others  changing  to  a  toug:b  wrinkled  Tuembrane  lirmly  adherent 
to  the  npir,  and  still  others  becoming  covered  with  while  aerial  hyphne.  All 
become  brown  with  age.  In  agar  stab  cultures  the  organisms  sliow  their 
preference  for  a  well  oxygenated  environment  by  growing  but  alightly  along 
the  course  of  the  stab  and  by  heapinj;  up  a  thick  creamy  layer  an  the 
surface  of  the  medium.  Most  strains  fail  to  lirjuefy  gelatine.  Tn  broth 
eultiire*  the  medium  remains  clear,  the  or^anismji  erowing  as  a  stringy 
sediment,  na  a  pellicle,  or  as  tnfted  massesi  in  the  depth  of  the  medium.  On 
blood  serum,  potato  and  bread  growth  is  cosily  obtai?ied.  Some  strains 
fcnnent  carbohydrates  but  most  do  nut. 

Morphology. — In  freshly  isolated  cultures  the  gi'owth  f*t;»jfl]fttfl 
at  larm>  round  ccIIh  wjth  hlastosporea  like  those  seen  intho  tissuea. 
Capsules  are  often  formed.  ^Inst  strains  sooner  or  later  develop 
coarse,  irregular,  branching  myeolial  tilatuent s .  These  are  dividecl 
by  septa  atul  prodnct-  chains  of  arthrosporcs  and  terminal  or  late^'al 
e^niJia.     llaiiiburger'-   in   a   careful  culture  study  of  four  strains 


^Hamburger,  Jour.  Inf,  Dia.,  «M)7,  IV,  201. 
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from  systemic  infections  was  impressed  with  the  eiTect  of  the  tem- 
poraturt*  of  incubttti<»n  on  the  uiorpliology  of  the  organism.  All 
of  his  strains  grown  in  the  incubator  tended  to  multiply  by  Imdding, 
while  at  room  temperature  all  were  filamentous,  and  two  produecd 
aerial  hyphte. 

Pathogenioity. — All  strains  which  have  been  tested  have  proved 
pathogenic  for  laboratory  animals.  White  mice  seem  tlie  most 
susceptible^ 

Clasaifeation. — Cultures  from  the  various  easea  have  shown  little  nni- 
formity.  It  is  impossible  to  be  rertain  that  they  represent  distinct  speciee 
as  they  are  somewhat  pleomor])hic  and  change  their  morphology  with  varying 
cultural  conditions  and  after  long  pret^en'ation  on  artiticial  media. 

The  most  serious  attempt  to  systematize  their  varying  char- 
acteristics is  that  of  Ricketts."  He  considered  the  seventeen  strains 
on  which  he  based  his  report  all  to  be  closely  related  species  of  one 
genus.  He  described  three  main  types  under  which  in  spite  of 
minor  differences  he  grouped  the  various  strains. 

His  dassifioation,  is  not  however,  satisfactory.  Stober'*  has  observed 
the  three  types  of  agar  growth  to  occur  successively  in  the  same  strain. 

A  definite  classiBcation  of  these  organisms  is  as  yet  impossible  but  there 

seem  to  be  two  tyj'es  which  the  vanous  strains  more  or  less  closely  resemble. 

I,  The  fermenting  type  dest-ribed  hy  Biisse  and  called  Cryptococcus  hominifl 

by  Vuillemin,  Bnimpt  and  Castellani.    These  orpanisma  resemUe  the 

true  ycaals  in  their  morpholo^'  and  rymo^nie  properties. 

II.  The  non-fermenting  typo  described  by  Gilchrist  and  called  Cryptococcua 

Oik'hrisli  by  Vuillemin,  Crj'ptococcus  dermatitidis  by  Castellani  and 

Mycoderma   dermatitis   by   Bnunpt.     These   types   usually   produce 

mycelium  and  reproduce  by  means  of  thallospores  and  conidia.    They 

arc  related  to  the  sporothricos  and  Irichophyta  described  below.  There 

is  no  correlation  t>etween  tlie  type  of  organism  and  the  type  of 

lesion  it  produces. 

COOCIDIOIDAL    GRANULOMA 

There  is  a  group  nt  cases  r''.scmbling  closely  systemic  blastomy- 
cosis, the  first  obHcrvation  of  which  m'ss  that  of  Wernicke  and 
Posadas.*' 

^HieketiM,  J.  Med.  Ret.,  1901,  vi,  »73. 

^Siober,  Arch.  Int.  Med^  1914,  atiii.  509. 

"  Wtmickt,  R.,  Ceutralbl.  t.  Bakturiol.,  I,  1892,  xli,  959. 
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Their  case  presented  numeroua  pea  sized  eutaneous  tumors  and 
clinically  resembled  mycosis  fiuigoides.  In  the  lesions  they  dis- 
covered intracellular  spherical  hyalin  bodies  wliich  they  thought  to 
be  protozoan  cysts.  These  cysts  were  surronndcd  by  hyalin  capsules 
and  some  o£  the  larger  forms  contained  a  great  number  of  the 
daughter  c^^sts.^  Later  Kixford  and  Oilehrist'"  reported  a  similar 
ease  and  since  then  a  number  of  other  cases  have  been  reported^ 
most  of  them  from  tlie  San  Joaquin  Valley,  California. 

Onhuls  described  three  clinical  t>'pes:  (1)  >vith  primary  cutane- 
ous lesions,  and  later  generalization;  (2)  with  primary  pulmonary 
lesiorKs  and  later  generalization  but  no  skin  K'sions;  (3)  wit^  priinnrv 
pulmonary  lesions  and  secondary  subcutaneous  lesions. 

The  disease  runs  a  more  acute  and  severe  course  ihan  blastoitiy- 
cosis  and  of  tM-entv-four  eases  collected  by  MaoNcnl  and  Taylor, 
but  two  recovered.  The  eutaneous  h-sions  consist  of  large  rathfcr 
painless  granulomatous  abscesses;  there  is  usually  marked  lympjia- 
denitis  and  the  lungs,  bones,  liver,  kidney,  aiul  meninges  have  been 
found  to  1»'  invnlvpd  Histologically,  the  lesions  both  in  man  and 
in  expeiimentally  infected  animals  very  closely  resemble  those  of 
tuberculosis. 

COCCIDIOIDGS   ImMITIS 

{Oidium  coccidioideSf  Ophuls;  Mycoderma  Immite,  Brumpt) 

The  distinction  between  this  parasite  and  that  of  blastomyccs 
is  recognized  by  Ophuls,^'  Wolbach***  and  MacNeal,'"  but  no  typical 
caseii  have  been  deseril>ed  by  Europeans.  The  parasite  seen  in  the 
tissues  resembles  the  blastomyces,  but  does  not  show  buds  and  repro- 
duces by  the  formation  of  endopores.  These  appear  as  a  ma.ss  of 
minute  round  bodies — each  of  which  may  be  capsulated — within  the 
membrane  of  the  parent  cell.  The  para-sites  vary  greatly  in  size  and 
some  are  iiuich  larger  than  those  usimlly  found  in  blastomycosis, 
reaching  50  microns  in  diameter. 

Cultures. — Tlic  colonies  appear  in  surface  plants  in  from  two 
to  seven  days  as  small  slightly  raised  disks  distinctly  penetrating 
the  media.    Older  cultures  become  covered  with  a  dusty  white  lAyer 

^Sixford  and  Gilchrist,  Johns  HopkinB  Hosp.  Beports,  1896,  I. 

«OphuU,  W.,  J.  Expir.  M.,  1905,  vi,  443, 

»  Wolbach,  J.  M.  fi«.,  1P04,  N.  S.  viii,  53. 

"•UacNeal,  W.  J.,  and  Taylor,  S.  M,,  J.  M.  Res,  1014.  xxv,  201;.  .^  .  U   ' 
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of  aerial  hypha.  Tlic  I'lilturcs  lH*comp  brown  vvilh  age.  In  brollj 
ihey  grow  as  a  fluffy  niass  which  sinks  to  the  bottom.  Sugars  are 
not  fermented.  Gelatin  is  slowly  liquefied  and  milk  slowly  pep- 
loniziMl. 

Morphology. — In  culture  the  spherical  bodies  immediately  throw 
out  filaments  2  to  8  microns  in  diameter  which  are  branched  and 
septate.  In  older  cultures  they  develop  large  ehlamydospores  wJiieh 
resemble  the  forms  seen  in  culture  and  also  conidia  which  are  usually 
arranged  in  chains  at  the  end  of  the  hyphc  Li  anaerobic  oulturt-s 
in  Xoguchi's  ascitic  agar,  rabbit  kidney  medium,  MacNeal  and 
Taylor  observed  the  formation  of  endospores  like  those  found  in 
the  lesions.  The  organism  is  pathogenic  for  dogs,  rabbits  and 
guinea-pigs. 

Cooke"  has  studied  the  immune  reactions  in  a  human  case  of 
this  disease  and  found  precipitins  which  reacted  up  to  a  1 :160 
dilution  of  the  serum  against  extracts  of  the  cultures.  The  serum 
did  not  react  ^v^th  extracts  of  cultures  of  blastomyces.  He  was 
unable  to  obtain  complement  fixation  or  positive  skiu  reactions 
with  his  extracts. 

THRUSH 

Thrush  is  a  localized  disease  of  the  mouth,  occurring  most  fre- 
quently in  children  sutTering  from  mahnitrition,  but  also  ui  cachectic 
jtduItH.  It  IS  characterized  by  the  development  of  creamy  patches 
on  an  area  of  catarrhal  inflammation,  usually  on  the  tongue. 

MoNiLU  Albicans 


(Qidiurn  albicans,  Robin;  Saccharoviyces  albicans,  Eees;  Endomycea 

albicans,  Vuillemin) 

The  microorganism  which  causes  thrush  was  first  described  by 
Ijangcnbeck  in  1839.  It  is  found  abundantly  in  th^'  false  membrane 
covering  the  lesion  where  it  appears  as  a  mass  of  simple  or  branched 
mycelial  filaments  made  up  of  irregidar  units  of  about  foiu-  by 
twenty  microns.  Oval  cells  of  somewhat  larger  diameter  are  also 
found,  attached  to  the  ends  of  the  filaments,  or  lying  free  and 
throwing  out  buds. 

■  Cooke,  /.  F.,  Arch.  Int.  MpJ.,  1915,  xv,  479. 
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The  paraailo  grows  readily  on  nl]  ordinnry  niedin.  On  agar  it  forniB 
a  crcnmy  layerT  in  brolh  a  tlocculent  deposiL  It  forms  ^as  on  oertain 
sugars.  Most  strBins  do  not  liquefy  gelatin  or  o!ot  milk.  The  mor- 
j>holop>'  of  the  organism  has  been  most  tlioroiighly  studied  by  Roux 
and  Linoissier.  Commonly  it  develops  as  a  mass  of  oval  cells  reprodticinff 
by  biiddinf;  but  often,  espei^ially  in  tluid  media  forms  ftlamenl^i  like  thoae 
seen  in  the  lesions,  with  tenniiml  or  Intend  spores.     Large  ^doboid  cUlamy- 


Fiti.  112. — Thbush.    Oidium  albicans,  unstained.     (After  Zettnow.) 

dospores  at  the  end  of  short  lateral  brnnrhea  are  also  found.     These  charac- 
teristics have  led  most  authors  to  call  the  parasito  a  monilia. 

Monilia  is  a  rather  ill-dcfiiied  f^onus  of  hyphoniycetes  in  which 
are  iutludod  yrast-like  orjranisnis  wliich  reproduce  by  blastospores 
but  which  also  fonn  filaments  of  short  irregular  units  which  are 
easily  detached.  The  filaments  give  rise  to  larjfc  oval  cdls  fre- 
quently appearing  as  short  terminal  chains  which  are  called  by  some 
conidia,  by  others,  blastospores.  Castollani  includes  in  this  genus 
only  organisms  which  ferment  sugars  with  tlie  formation  of  gas. 

Several  authors  have  reported  the  presence  of  ascospores  in  cul- 
tures of  the  thru.sh  fungus  and  liave  classed  it  with  the  saccharom- 
yces.  Viiillemin  found  also  endospores  within  the  mycelial  filaments. 
It  seems  probable  that  the  disease  is  not  always  caused  by  the  same 
organism.  Fischer  and  Brebeck  described  two  varieties,  a  large- 
Bporcd  type  with  endospores  which  liquefied  gelatine,  and  a  small- 
spored  type,  without  endospores  which  did  not  liquefy.  Castellani 
concludes  that  several  species  of  moniliae  and  also  members  of 
other  genera  may  cause  thrush.  On  the  other  hand  Fineman'* 
studied  five  strains  from  thrush  and  found  them  identical.  They 
were  however  indistinguishable  from  eight  strains  found  incidentally 


Fineman,  B.  C,  Jour.  Inf.  Die.,  1921,  XXVUI,  1S5. 
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in  throat  cultures  from  diphtheria  suspects.  All  produced  acid 
and  gas  on  dextrose,  levulose  and  maltose ;  aeid  only  on  galactose 
and  saccharose;  and  failed  to  ferment  lactose  and  manoite." 


SPRUE 

Sprue  is  an  important  diseaae  of  subtropical  countries  Avhich_i8 
charaeterized  by  progi'essivc  •y^'asting  with  profuse  anemia  and  a 
wliite  frothy  diarrhea,  ^here  is  an  inflammation  of  the  entire  intes- 
tinal tract  and  the  lesions  on  the  tonf^e  are  frequently  characteristic. 

MONILIA   PSILOSIS 

Ashford"  has  made  an  elaborate  study  of  cases  occurring  in 
Porto  Rico.    He  igolated  from  the  tongue  and  stools  of  twf^  hunflrpH 

JHtienLS     fin     nrgnni"^     wliioVi     h^     nnlln     .Mn-n^liq     j^<^-iJ^<i^  ThJS     JS     Up- 

parently  identical  with  the  monilia  enterica  of  Castellani. 

Ashford*s  monilia  is  a  large  roimd  organism  4  to  7  microns  in 
diameter  with  a  granular  and  usually  vacuolated  protoplasm.  On 
Sabouraud's  agar  it  grows  as  a  faintly  greenish  creamy  elevated 
mass  with  mycelium  which  usually  penetrates  the  mediiun. 

In  pelatin  it  invariably  produces  hyphm  which  spread  Iftterally  from  the 
»tab  and  give  the  prowtb  an  ai)(>earancc  which  Ashford  deariibea  as  that 
of  au  inverted  Christtnaa  tree.  Monilia  I^silosia  produces  acid  and  i^as  on 
dextrose,  levuloso,  maltose  and  nsually  on  saccharose  but  does  not  feinnent 
lactose  nor  niannit  The  fungus  turns  milk  faintly  alkaline  without  further 
change  and  dues  nut  liquefy  gelatin. 

Ori^imssage  through  laboratory  animals  (rabbits  and  guinea- 
pigs)  it  produ<Ts  a  sysU-mic  myiT"^''-  ■'"''  p''Fiflually  increases  in 
virulence.  With  these  passage  strains  Asliford  could  produce 
stomatitis  and  diarrhea  bv  feeding. 

The  etiuhigieal  relationship  of  moniliae  to  sprue  is  not  univer- 
sally  accepted.  Castellani  has  isolated  six  different  species  from 
the  stools  typical  cases.  Jle  believes  that  they  are  not  the  primary 
cause  of  tlie  disease,  tliougli  Ihey  may  be  responsible  for  the  frothy 
diarrhea, 

"J?oiix  and  LinoifiMcr,  Arch,  de  mM.  cxp.  ct  rl'anat.  path.  1890,  TI,  62; 
Compt.  rend,  de  I  'acad.  d.  §c.,  1889,  109,  752. 

^Aihjord,  Ji,  K„  Am.  J.  Med.  8ci..  1917,  cliv,  159. 
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OTHER   YEAST-LIKE   PARASITES 

Other  diseases  caused  by  members  of  the  yeast  family  have  been 
reported  by  a  nomber  of  observers.  Tokisbige'*  found  a  very  rainute 
type  in  a  skin  disease,  pseudoglanders.  oecurring  among  borses  in 
Japan.  Bnunpt  states  that  simiiar  cases  hav«  been  found  in  m&ny 
countries  and  that  the  infection  may  attack  man. 

AcL'ording  to  Mesnif  the  liistoplasma  capsulatu*  of  D&riing,** 
which  he  found  in  three  cases  of  splenomegaly  in  Panama,  is  closely 
related  to  the  above  parasite  and  should  be  classed  as  a  crj*ptoeoceu8. 

The  fact  that  blastomycetes  liave  frequently  been  found  in  tumor 
tissue  has  led  several  Italian  observers"  to  assume  an  etiological 
relationship  between  these  microorganisms  and  malignant  growths, 
Ab«K>lntely  no  satisfactory  evidence  in  favor  of  such  a  belief  has 
been  advanced,  however,  and  the  yeasts  in  these  conditions  moat 
be  regarded  as  purely  fortuitous  findings. 

In  considering  the  possible  origin  of  blastomyeetic  infictions  in 
animals  and  man,  it  is,  of  course,  important  that  we  should  have 
some  knowledge  as  to  the  pathogenic  properties  of  yeasts  met  with 
and  handled  in  daily  life. 

Rabinowieh"  has  investigated  the  pathogenic  properties  of  fifty 
different  spceies  of  yeast  and  among  them  found  only  seven  varieties 
that  had  any  pathogenicity  for  rabbits,  mice  and  guinea-pigs.  In 
most  of  those  successfully  inoculated  the  disease  produced  in  labora- 
tory animals  had  but  very  little  resemblance  to  blastomyeetic  infec- 
tious conditions  observed  in  man. 


SPOROTRICHOSIS 

Sporotrichosis  is  a  chronic  infection  usually  limited  to  the  skiu. 
the  Hul>cutaneouB  tissues,  and  binphatics.  occasionally  involving  the 
muscles,  bones  and  joints — and  exceptionally  the  nscera.  The  lesions 
re8<'mblc  closely  syphilitic  gummata  and  in  typical  cases  occur  in 

*•  Tol-uhiffe,    OntralbL  f.  Bakteriol.,  lSd6,  i,  19. 
*  Memil,  Quoted  bj-  Bnimpt,  loc.  cit. 
"Dcrliiip,  S,  T.,  J.  Exper.  Med.,  ISWl,  11,  515. 

"San  Feliee,  Centrmlbl.  f.  Bakteriol.,  I,  1902.  xxxi.  Ztacfar.  f.  Bjg.,  2895,  xxi, 
1895,  xviii. 

^Bahinowith,  Ztachr.  Hyg.,  1S95,  xxL 
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ft'  ^hain  extending  up  the  arm,  connected  by  thickened  lymphatic 
vessels.    They  slowly  soften  and  ulcerate. 

The  first  eases  described  were  those  of  Schcnck"  and  of  Hektoen 
and  Perkins"  in  this  country.  It  is  a  rare  infection  here,  but 
twenty-eight  cases  being  reported  up  to  1912."  In  France  a ntl 
Switzerland  it  is  relatively  common  and  our  present  knowledge  of 
the  disease  Ls  based  chieny  on  the  work  of  de  Beuniinnn  and 
Gougevot.**  It  may  be  caused  by  several  species  of  hyphomycetes 
belonging  to  the  genus  sporotrichum. 

'  Sporotrichum 

It  is  difficult  and  often  impossible  to  demonstrate  the  parasites 
by  direct  examination.  When  found  in  smears  of  the  pus,  or  in 
sections  of  the  lesions,  they  appear  as  oval  or  cigar-shaped  cells 
varying  in  length  from  10  to  2  and  in  breadth  from  3  to  1  microns. 
These  are  frequently  within  large  mononuclear  phagocytes.  The 
parasites  may  be  demonstrated  by  clearing  the  pus  with  40  per  cent 
NaOII  or  by  staining  with  thionine  or  other  basic  stains.  They  are 
Gram-positive. 


Cultural  Characteristics. — As  a  rule  the  organism  can  be  found  only  by 
making  cultures  from  the  pus  or  from  the  bloody  fluid  aspirated  from 
firmer  lesions.  Tnbes  of  Sabournud's  test  medium  or  of  4  per  cent 
glucose  agar  should  be  heavily  inoculated  on  the  surface  and  iDc\ib&ted  at 
room  temperature.  Taylor*"  recommende  glyeerine-glucoae-agar  to  which 
acetic  or  citric  acid  (1-1500)  is  added*  The  colonies  appear  in  four  daya 
or  more  as  minute  ^ruy  tleeks,  soon  surrounded  by  a  delicate  fringe.  The 
centers  as  they  enlarj;e  become  raised  and  \n*inkled  and  darken  to  a  buff, 
or  chocolate,  or  in  some  species  to  a  black  color.  In  flask  cultures  they 
may  attain  a  diameter  of  10  cm.  and  more.  At  the  periphery  is  n  smooth 
flat  zone  with  delicate  radiating  outgrowths,  which,  if  they  reach  the  side 
of  the  tube,  grow  upward  along  the  dry  glass.  The  surface  is  usually  hard 
and  glistening  but  in  old  cultures  may  show  hairy  or  powderj^  outgrowths 
from  the  surfnee. 

The  sporolhriz  grows  on  media  of  very  simple  composition  but  more 


^Schencl,  B.  B.,  J.  Hopkins  Hosp.  BuJl.  1898,  U.  286. 

"Ucktoen,  L.,  and  PerkiM,  C.  F„  Jour,  Exp.  Med.,  1900,  V,  77. 

"  Hamburprr,  W.  W.,  Jour.  Am.  Med.  Awn.,  1912,  LIX,  1590.     (Bibliography.) 

"df  Bcvrm<i»n  and  Gimgetot,  Les  Sporotrichoses,  Felix  Alcan.    Paris,  1912. 

"ro»/(tfr,  Kenneth,  Jour.  Am.  Med.  Aaan.,  1913,  LX,  1U2. 
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luxuriantly  on  thoeo  containing  Bu^irar.  On  glucose  broth  it  forms  a  thick 
membrane.  It  liquefies  glucose  gelatine  but  doea  not  clot  or  digest  Diilk. 
On  bexoscs  it  fornifi  luetic  acid  but  dues  not  ferment  mannite  or  dulcite. 
Species  vary  in  Ibeir  action  on  disaccbaridcs. 

Morphology. — This  is  best  .studied  in  iiang  drop  cultures.  The 
growth  is  niado  up  of  interlacing,  branching  septate  hyphae.  These 
are  delicate  (about  2  microns)  and  of  uniform  diameter.    The  spores 


Fio.  113.-— Sporotrichttm  Beurmanni  is  Hano  Drop  (Hopkins). 

are  oval  or  pear-shaped  (about  3  by  4  niierons)  and  are  found  on 
any  part  of  the  hypha  to  which  they  are  usually  attached  by  short 
sterigmata.  In  de  Beurmann's  species  they  are  very  numerous  and 
form  thick  eUisters  at  tlie  tips  of  the  hypha.*  or  shcatlis  along  their 
coui'se,    Chiamydospores  are  also  found, 

Species. — Sporotrichum  Schencki  i»  the  species  found  in  most  American 
eases.  The  cultures  arc  white  or  slightly  brownish.  They  fei-ment  lactose 
but  not  saccharose.    Tlie  spores  are  not  numcriMitj  itnd  have  no  steri^motn. 

Sporotrichum  Heumuinni  is  the  coumionest  species  in  Fiance.  The  cul- 
tures soon  darken  to  a  chocolate  brown.    Ttiey  t'cnnent  saccharose  but  not 
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lactose.    Spores  are  very  mimerous  and  often  provided  with  short  sterigroata. 
Five  other  pnihogenio  varieties  are  listed  by  de  Beurmann  and  there  are 
many  sajaro phytic  speeiea.     Wolbach"*  has  deaoribed  a  specie*  isolated  from 
an  arthritis  of  the  knee  which  be  named  Sp.  Councilmaniu. 

Pathogenicity. — Spontaneous  infectioas  due  to  the  sporotrichum 
Bcurmaniii  have  been  observed  in  rats,  dogs  and  horses.  Experi- 
meutally  cultures  liave  been  shown  to  be  viruleut  for  rats  and  other 
laboratory  animals. 

Tiic  pathogenic  species  seem  capable  also  of  saprophytic  existi^nee. 
Dc  Beurmann  recovered  his  species  from  the  normal  throats  ol 
patients  with  sporotrichosis  and  of  others  who  had  recovered  from 
the  disease.  Gougerot  foimd  in  oat  grains,  and  in  other  plants 
sporothriccs  which  he  regarded  as  identical  with  the  human  species 
and  wliich  were  virulent  for  rats. 

Immunity. — Widal  and  Abrami"  foiuid  that  suspensions  of 
sporothrix  spores  were  agglutinated  by  the  sera  of  patients  in 
dilutions  1-200  or  alwve  and  have  used  tiiis  reaction  in  diagnosis. 
Tliey  also  obtained  fixation  of  complement.  Others  report  that 
patients  give  skin  reactions  with  culture  extracts.  In  human  cases 
there  is  no  evidence  of  the  development  of  an  immunity  but  in 
animals  successful  immunizatiouj  both  active  and  passive,  has  been 
reported. 

DISEASES    OF   THi:   BINQWORM   GEOUF 

There  is  a  group  of  common  ajid  relatively  trivial  fungus  infec- 
tions called  dermatomycoses.  In  it  are  inehided  a  number  of  dis- 
eases clinically  distinct,  all  of  which  are,  however,  characterized  by 
the  fact  that  the  invasion  of  the  parasite  rarely  penetrates  deeper 
than  the  epidermis  and  its  appendages — the  hair  anil  nails.  The 
fungi  causing  these  infectioas  are  known  as  dermaloph>ies.  They 
are  filamentous  organisms  resembling  in  structure  the  hyphomycetes, 
in  which  group  they  are  usually  placed. 

Brumpt,  Castcllani  -and  others'  prefer  to  group  them  with  the  asco- 
mycetes.  This  depisinn  is  based  partly  on  their  peneral  stractnnil  resem- 
blance to  these  higher  fungi  but  chiefly  on   the  observation  of  Matruchot 


**  Wolhach,  Sisson  and  3/rifr.  Jotir.  Med.  Bc8.,  1017,  CXXXA'I.  .137. 
"Qiinteil  by  de  B^urniann  and  Ooiigerot,  loc.  c'li. 
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and  I>aflBon\iUe  of  A8«o6pore  fortustioo  in  EidameUa  spinosa,  a  parasite 
isolated  from  a  dermfttomycosis  of  the  dog.  In  no  other  member  of  the 
group,  however,  have  ascosporcfl  been  found. 

The  fact  is  that  ringworm-like  diseases  may  be  caused  by  varioiis 
fungi  vhich  show  little  resemblance  to  each  other  and  that  the 
dermatophytes  a.s  a  ^)up  aro  di-fined  not  by  any  common  botanical 
characteristics  but  by  the  type  of  lesions  they  produce. 

Our  knowledge  of  the  dermatophj'tcs  dates  from  Sohocnlein's 
discovery  of  the  favus  fungus  in  1839.  Two  years  later  Gruby 
discovered  the  fungus  of  ringworm  and  distinguished  between  the 
large  and  small  sporcd  types.  Since  then  many  workers  have  con- 
tributed to  our  knowledge  of  these  parasites  but  by  far  the  most 
thorough  and  extended  investigation  has  been  made  by  Sabouraud,*" 

Chdttiral  Characteristics. — The  more  important  varieties  of 
dermatopliytes  have  been  cultivated  and  show  certain  common  char- 
acteristics. All  of  them  grow  a.s  leathery  masses  of  closely  inter- 
woven hyphae.  From  a  point  of  inoculation  on  solid  media  they 
spread  out  Hyrametrically  over  the  surface  at  the  same  time  sending 
down  numerous  short  branches  which  penetrate  the  substrate  and 
bind  the  growth  finnly  to  it.  As  the  membranous  disc  extends 
peripherally  the  central  mycelium  continues  to  grow  increasing  in 
thickness  and  forcing  the  less  adherent  portions  upward.  This 
produces  on  the  surface  a  series  of  humps  and  indges,  with  cor- 
responding hollows  and  grooves  on  the  under  side,  which  often  form 
striking  geometrical  patterns.  The  surface  may  be  smooth  and 
hard  but  most  species  sooner  or  later  develop  a  duvet — a  covering 
of  aerial  hyphee  which  according  to  their  length  give  the  surface 
a  powdery  or  velvety  or  hairy  appearance.  The  majority  develop 
a  yellow  or  brown  pigment  and  some  are  characterized  by  brilliant 
red  and  violet  colors  which  appear  late  and  are  most  marked  In 
those  portions  of  the  membrane  which  are  raised  above  the  surface 
of  the  medium. 


The  rapidity  of  prowth  varies  greatly  in  the  different  species  but  their 
evolution  is  always  a  matter  of  weeks.  Some  varieties  such  as  the  microspora 
attain  a  diameter  of  ten  centimeters  or  more.  Others  do  not  extend  beyond 
one  or  two  centimeters  from  the  center,  but  may  pile  up  a  mass  a  centimeter 
in  thickness. 
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On  broth  they  usually  foim  a  thick  membrane  which  spreads  over  the 
surface,  but  if  the  fragTxient  planted  fiinks  it  develops  only  a  delicate  mesh 
of  filaments  in  the  bottom.  On  potato  the  growth  is  less  vigorous  nud 
often  moist.  Gelatin  is  liqueAcd  by  most  strains.  Glucose  and  mnnnite  nre 
usually  completely  consumed  but  no  gas  is  foimed  and  the  medium  is  not 
acidified.  Lactose,  saccliarose  and  maltose  are  less  favorable  to  ^owth. 
Like  many  other  fungi  the  dormat  op  bytes  grow  well  on  the  simpler  synthetic 
media  wilhout  peptone  or  protein,  if  glucose  be  added. 

The  optimum  reaction  is  somewhat  more  acid  tiian  tliat  for  bactcriai 
about  Ph  7.0;  but  they  develop  recdily  throughout  a  range  of  reaction  from 
4,0  to  8  and  above.  Although  obligate  aerobes,  they  will  grow  feebly  with 
scanty  oxygen  supply  tki  in  the  depth  of  a  broih  culture.  They  develop  well 
at  room  temperature  and  most  species  also  in  the  incubator. 

Morphology. — Morphologically  as  has  been  said  there  is  little 
that  characterizes  the  ringworm  fungi  as  a  group.  In  the  infected 
hairs  or  skin,  they  appear  as  masses  of  spores  or  as  filaments,  the 
latt* T  often  nonsisting  of  ebains  of  spore-like  c<']1r.  In  culture  the 
growth  is  made  up  of  branching  hyphae  which  are  always  septate 
hut  may  be  coarse  or  delicate,  straight  or  eroDked,  cylindrical  or 
irregularly  bulging.  Under  favorable  conditions  most  species  pro- 
duce conidia.  Chlamydospores  are  far  more  common  and  arthro- 
spores  are  also  found.  From  the  common  molds  which  they  some- 
what resemble  tlusc  parasites  are  distinguished  by  the  absence  of 
ascospores  or  of  the  specialized  conitliophorcs  such  as  are  found  in 
the  aspergilli  and  penicillii.  These  characteristics  do  not,  how- 
ever, serve  to  disliiiguish  tliem  from  other  hyphomyectes. 

Individual  species  do  develop  in  culture  peculiar  spores  and 
mycelial  structures  which  help  to  distinguish  them.  The  following 
are  some  to  which  Sabouraud  has  given  descriptive  names; 


Morphological  Definitions.— <?(ubs. — These  are  swollen  mycelial  tips  which 
vary  jrrently  in  size.  They  are  not  markedly  diflferenliated  from  thn  hyphae 
which  bear  them  but  wlicn  occurring  in  great  numbers  as  in  the  achorion 
of  favus  they  present  a  striking  and  characteristic  appearance. 

FuaeaiLx. — Those  are  large  elongated  chambered  bodies  considered  a-^ 
chlnmydospores  by  some,  by  others  as  specialized  conidia.  Sabourand  applies 
this  name  to  two  different  types,  one  a  lenticular  spore  with  a  tapering 
pointed  tip  and  thick  doubly  contoured  wall,  covered  with  warty  or  hairy 
outgrowths,  the  other  a  blunt  club-sluiped  spore  with  thin  smooth  walls.  Both 
are  divided  into  segments  by  parallel  transverse  septa. 

Conidia. — These  are  irregular  in  shape,  size,  and  arrangement.     In  the 
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microspora  they  are  attached  to  the  fertile  hyphae  by  a  Satteoed  facet  so 
that  they  resemble  abortive  branches  (At'iutiium  type).  In  the  Incophyla 
they  are  more  frec|ueiitly  attached  by  a  pointed  tip  (Botrytia  type).  Often 
they  are  scattered  irrcgvilarly  along  the  hyphae,  but  occasionally  show  a 
characteristic  arranijeroent.  Growjis  of  conidia  formed  alon?  the  sides  of 
an  nnbranched  terminal  byplm  Sabournud  calls  thyrses,  larger  groups  bom 
on  branched  conidiopbore  clusters  {(frappe*^). 

i^ccihuitt  hodks  are  swollen  and  usually  curved  ends  of  hyphae  which 
glive  off  a  row  of  abortive  branches  from  one  side — the  structure  vaguely 
resembling  a  comb. 

Uptrals, — These  are  simply  convoluted  hyphae  which  may  take  all  the 
forma  of  a  tendiil  from  a  spirillum-like  form  to  a  close  set  eoil. 

Sodular  ttrgans. — These  are  chains  of  larare  rounded  cells  knotted  together 
into  small  dense  masses  su^gcstiD^^  tlie  scleiotia  of  highei'  fungi. 

Pleomorphism. — The  gross  appearance  and  microscopic  structure 
of  tlic  dermatophytes  varies  gri-atly  with  the  cultural  couditioDS. 
After  a  period  of  growth  on  sugar  containing  media  they  seem 
to  undergo  a  permanent  change,  ceasing  to  produce  eonidia  and 
developing  a  thick  covering  of  very  long  aerial  hyphae.  This  gives 
to  thcde  altered  cultures  a  smooth  white  downy  appearance. 
Sabouraud  refers  to  cultures  of  this  type  as  Flcomorphic  using  the 
term  here  in  a  special  sense.  The  altered  forms  of  different  species 
resemble  each  other  closely  so  that  the  identification  of  a  culture 
by  its  gross  or  microscopic  appearance  is  often  almost  impo.ssiblc 
once  this  change  has  taken  place. 

Pathogenicity. — The  ringworm  fungi  are  found  with  such 
regularity  and  in  such  profusion  in  many  of  the  human  lesions  as 
to  leave  little  doubt  as  to  their  causative  relationship  to  the  disease. 
Many  of  the  same  species  are  found,  too,  in  similar  lesions  of 
domestic  animals.  Tliese  latter  will  also  induce  lesi*)ns  in  guinea- 
pigs  with  more  or  less  regularity  if  culture  fragments  are  insei*ted 
in  the  skin.  Such  experimental  lesions  are  often  transitory  but 
S'esemble  somewliat  the  spmitanoous  disease.  Other  speeii'S  such  as 
the  Microspnrnn  Audnnini  and  Epidermophyton  inguinale,  mentioned 
below,  although  found  abundantly  in  characteristic  human  lesions, 
have  not  been  found  in  animals  and  arc  innocuous  when  experi- 
mentally injected. 

Oonceminp  the  power  of  the  dermatophytes  to  produce  svstemio  disease 
we  have  little  information.  Their  entire  lack  of  inva.sivc  power  in  tlie 
spontaneous  infections  is  quite  striking.     The  isolated  reports  of  RabnuseB 
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and  of  Stavino  on  the  production  of  tuberculoid  lesions  by  intravenous 
injections  of  cultures  of  these  fungi  have  little  aigiiilicauoe  in  view  of  the 
fact  that  many  types  of  foreign  bodies  produce  similar  results  wlien  so 
introduced. 

Immunity. — Jadassohn"^  has  noted  that  patients  who  have  re- 
covered from  deep  ringworm  infections  seem  immune  from  subse- 
quent attacks.  A  munbcr  of  experimental  observations  especially 
those  of  Hloch  ami  Massini""*  and  of  Kusunoki^''  bear  tfiis  out.  It 
appears  that  animals  wl»ieh  have  been  infected  with  the  more 
virulent  types  wliieh  produce  suppurative  lesions  resist  reiuoculation 
and  that  the  protection  is  valid  against  other  species  than  thoso 
first  injected.  On  the  other  Jiand  both  clinical  and  experimental 
observations  show  that  infections  with  less  virulent  species  induce 
no  immunity. 

Ail  attemptfi  to  immunise  animals  by  the  injections  of  killed  cuUnres  and 
extracts  have  failed.  The  reports***  on  the  favorable  therapeutic  action  of 
vaccines  are  inconclusive  on  account  of  the  variable  course  of  (be  disease. 
Plato*'  was  able  to  produce  in  patients  with  suppurative  rinj^womi  both 
cutaneous  and  generalized  reactions  by  the  injection  of  extracta  of  trichophjiou 
cultures.  Skin  reactions  have  also  been  obtained  in  animals  and  seem  to  be 
nonspecific  in  regard  to  the  species  of  fungrus  concerned  but  are,  as  a  rulc^ 
seen  only  in  animals  with  those  more  severe  infections'  which  confer  immunity. 
Kolmer  and  Stricklor*-  report  that  serum  from  ringnvorm  cases  gives  comple- 
ment tlxntiou  with  extracts  of  cultures  but  that  the  reactions  were  again 
not  highly  specifie  as  to  species. 

Methods  of  Examination. — The  demonstration  of  the  spores  and  myceliimi 
in  lesions  is  most  readily  made  by  placing  the  infected  hairs  or  scrapings 
from  the  skin  in  caustic  soda  or  potash  and  covering  with  a  cover  slip.  The 
alkali  renders  the  hair  and  epidermis  transparent  but  does  not  attack  the 
fungus  and  renders  it  easily  visible.  (A  satisfactory  solution  for  this  purpose 
is  a  mixture  of  wjual  parts  30  per  cent  aqueous  sr>dium  hydroxide  nnd 
glycerin.) 

It  is  possible  to  stain  the  parasites  with  borax  methylene  blue  and  hy 
modifications  of  Gram's  method,  but  none  of  the  staining  methods  suggested 


"Quoted  by  Sabonraud. 

^  Block,  B.,  aiid  MoMini,  B.,  Ztschr.  t.  Hyg.,  1909»  IxxUi,  es. 
"Kwtunoki,  F.,  Arch.  f.  Dermatol,  u.  SjT>h.,  1912,  cxiv,  1. 
^Striokler^  Jour.  Am.  Med.  Assn.,  Ixv,  225. 

'  Reportp.l  by  Ncisscr,  Arch.  f.  Dermatol,  u.  Ryph-^   1902,  U,  65. 
•=jro/m#r  and  Siricklcr^  Jour.  Am.  Mod.  Assn.,  3015. 
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have  proved  as  satisfactory  for  diagnosis  as  the  simple  treatmcut  with 
caustic  soda.  The  process  of  clearing  may  be  hasLened  by  gently  heating 
the  slide. 

CultiTation. — Cultures  may  be  obtained  from  the  lesions  by  distrlbutinfp 
fragments  of  the  infected  epidermis  or  hairs  over  the  surface  of  agar  slants. 
Four  per  cent  glucose  agar  or  Sabouraud's  test  medium  mentioned  beluw 
nre  suitable  for  this  purpose  but  cultures  eon  nl.so  be  obtained  on  plain  agar. 
Thu  chief  dilVieiilty  is  to  avoid  overgrowtli  of  (lie  parasites  by  bacteria  and 
molds.  The  ordinary  jjiating  procedures  are  inapplicable.  Skin  t'ragmenta 
may  be  soaked  for  a  few  minutes,  and  hairs  for  liours,  in  95  per  cent  aJeohol 
before  planting  without  killing  the  fungi.  Increasing  the  acidity  of  tho 
media  to  P^  5.0;  adding  to  it  1  part  in  80,000  of  methyl  violet,  or  1-200,000 
brilliant  green  are  of  some  assiistance.  Any  of  these  procedures  inhibit  the 
bncleria  considcrnhly  but  they  are  of  little  avail  against  tl»o  molds.  Main 
reliance  must  be  placed  on  making  a  large  number  of  plants  from  each  case. 

As  the  gross  appearance  of  the  cultures  varies  greatly  with  the  rnltural 
conditions,  Sabouraud  has  suggested  a  standard  Kest  meaium  uu  which 
cultures  ahotild  be  planted  for  the  purpose  of  ideutitlcatioD.  This  has  the 
following  composition: 

(Sabouraud'e  Test  Medium) 

« 

Maltose  brate  de  Chanut 40  gm. 

Peptone  granule  de  Chossaing 10  gm. 

Distiiled  water   1000  gm. 

Agar  agar  , 18  gra. 

The  mixture  is  dissolved  in  the  autoclave,  filtered  through  paper,  poured 
into  Erlenmeyer  flasks  to  a  depth  of  about  1  cm.  and  sterilized  once  in 
the  autoclave,  allowing  the  temperature  to  rise  slowly  to  120  degreca. 
Sabouraud  does  not  define  the  reaction  of  the  medium  and  it  cannot  bfl 
exactly  reproduced  except  by  emplo>^ng  the  brands  of  reagents  which  he 
suggests.  It  has,  however,  a  reaction  of  about  Py  5.5  and  similar  though 
not  identical  results  oan  be  obtained  by  employing  dome«^tic  peptone  and 
malt  extract  and  adjusting  the  reaction  to  this  point. 

In  order  to  prevent  the  pleomorphic  changes  in  the  cultures,  Sabouraud 
recommends  that  stock  strains  should  be  presen'cd  on  a  medium  of  the 
following  composition: 


(Sabouraud  *8  CoDscrvation  Medium) 

Peptone  granulfio  (10  to  60)  usually 30  gm. 

Agar  agar 18  gm. 

Distilled  water ...•••.••".v 1000  gm. 
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The  study  cf  Jhe  morphology  of  cultures  is  made  dilBcult  by 
the  fact  that  in  detaching  pieces  for  observation  from  the  tough 
mass  of  growth  the  spores  are  usually  detached  and  characteristic 
mycelial  structures  deformed  or  broken  up.  Certain  points  can  be 
made  out  by  examining  such  fragments  mounted  in  water  in  an 
unstained  condition  but  more  information  can  be  gained  from  the 
study  (»f  haug-drop  cultures.  These  are  made  by  placing  a  large 
di'op  of  4  per  cunt  maltose  broth  on  a  sterile  cover  slip  inoculating 
it  with  a  fragment  of  the  culture  and  inverting  over  a  hollow  slide 
with  a  deep  concavity.  This  may  be  sealed  with  sterile  oil  or 
petrolatum. 
»  PAVUS  *'  •W«l 

Pavus  is  a  disease  usually  limited  to  the  scalp  but  which  occasion- 
ally attacks  the  glabrous  skin  and  the  nails.  It  is  characterized  by 
the  formation  at  the  mouths  of  the  hair  follieles  of  small  yt'llow  cup- 
shaped  crusts  known  as  scutula.  It  is  found  in  adults  as  well  as  in 
ehiklren  and  in  this  country  occurs  chiefl.v  among  immigrants  from 
eastern  and  southern  Europe  when'  it  is  oiulemie. 

ACIIORION    SCilUl:.NL£:iNI 

y  - 

Favus  of  the  scalp  is  caused  by  one  species  of  fungus  the 
Achortoa  Schoenlcini.     A  scrutuhim  when  crushed  in  alkali  is  found 


U( 


Fio.  114. — ^AcBORiON  SCH0EN1.EIK1.     8«ction  of  favufl  onui.    Stained  by  Gram 
(After  Fraenkei  fttid  Pfeiffer.) 


to  be  composed  almost  entirely  of  the  fungus.  The  central  portion 
is  made  up  of  rounded  sporelike  bodies  of  varying  size  without 
definite  arrangement    Toward  the  periphery  similar  elements  are 
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sera  strung  out  in  filaments,  and  mixed  vriih  them  byphie  o£  thicker 
elongated  elements  ^vith  irregular  contours.  Within  the  diseased 
hairs  are  filaments,  sometimes  of  cubical,  sometimes  of  elongated 
elements.  They  differ  from  those  found  in  the  hairs  of  ring^vorm, 
chiefly  ill  that  cells  of  different  sizes  and  forms  are  found  in  the 
same  case. 

The  isolation  of  the  nchorion  is  rendered  difficalt  by  its  freqaent  assoeia- 
tioD  in  lesions  with  pyo^nir  cocci  and  molds.     It  develops  slowly  on  a^af'^ 
and  the  growth  attaina  a  maximum  diameter  of  J  to  3  cm.  in  three  to  four 
weeks.    It  forms  a  remarkably  tough  brownish  membrane  witb  deep  irregular 
folds  the  general  outline  being  rounded  upward  toward  the  center.     The 


Fio.  116. — AcHORiON  &cHOENL£iNi   (Eight  Weeks  Culture  on  Sabouraud's 
Medium  \  Natural  Size.    Hopkins.) 

surface  is  waxy  at  first  auJ  Inter  sliows  a  whitish  powdery  duvet.  In  most 
strains  however  after  long  cultivation  on  artificial  media  subcultures  grow 
more  rapidly^  attain  a  larger  si^e  and  become  oovcTed  with  a  white  velvety 
layer  of  Aerial  hyphae  (pleomorphism).  On  gelatin  a  small  surface  growth 
quickly  fluidifies  the  entire  tube  but  the  aehunuu  utilises  sugars  shglitly  if 
at  alL 


Microscopically  the  growth  is  made  up  of  crooked  hyphae  of 
irregular  contour  often  made  up  of  chains  of  oval  cells.  Pear- 
shaped  conitlia  may  be  found  scattered  on  the  sides  of  the  more 
delicate  filaments  but  never  in  clusters.  Chlamydospores  are  always 
numerous  sometimes  attached  singly  to  the  clubbed  tips  of  hypba 
but  more  often  occurring  in  ehains  in  their  coui-st*.  These  chains 
may  be  knotted  into  a  small  nodular  mass. 

About  the  periphery  of  a  culture  are  numerous  clubs  either  pear* 
shaped  or  notched  at  the  tip.  Tluso  may  oedur  singly  (totes  do 
clous)  or  in  clusters  (chandeliers  faviqucs). 

'  Inoculation  of  fragments  of  scutula  into  the  skin  of  guinea-pign 
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produces  transitory  ringworm  like  leHions.  With  some  culture  strains 
similar  results  liave  been  obtained  with  others  inoculation  has  been 
unsuceessful. 

Other  Species  of  Achoxia. — Fungi  have  also  been  cultivated  from 
favus-likf  lesions  in  animals.  The  Achorion  Quinckeanum  wJiich 
frequently  infects  house  mice  has  occasionally  been  found  in  humao 
cases  of  favus  of  the  body.  In  culture  these  so-called  achoria  show 
little  in  common  with  Sfhoeukin's  parasite  but  resemble  somewhat 
trieliophyta  of  the  gypseum  group  (V.  infra).  Plant  concludes  that 
there  is  no  reason  for  placing  them  in  this  genus  except  that  they 
form  scutula  in  lesions. 

RIKGWORM   OR   TINEA 

The  common  form  d  this  disease  is  tinea  of  the  scalp  which 
affects  only  children.  It  is  highly  contagious  and  in  children's 
schools  and  institutions  may  a.s.sunie  epidemic  proportions.  The 
infection  begins  in  the  epidermis  where  it  is  often  transitory  but 
the  parasite  soon  invades  the  hairs  and  there  remains. 

There  is  usually  slight  evidence  of  inflammation  but  some  species 
of  the  ringworm  fungi  cause  suppuration  in  and  about  the  hair 
follicle.  This  may  result  in  the  formation  of  large  indolent  subcu- 
taneous abseiisses  known  as  kerions. 

Tinea  of  the  Iwdy  may  occur  secondarily  to  scalp  lesions  in 
children  or  as  a  primary  infection  at  any  period  of  life.  The  lesions 
often  assume  a  circular  form — ^the  disease  progi-essing  at  the  per- 
iphery and  clearing  at  the  center.  There  may  be  only  slight  thicken- 
ing and  desquamation  of  the  epidermis  but  usually  there  are  super- 
ficial vesicles  which  quickly  dry  into  crusts,  and  occasionally 
follicular  pustules  and  kerions.    Some  species  invade  the  nails. 

Ring^vorm  is  also  a  common  disease  in  domestic  animals  and 
human  cases  can  often  be  traced  to  infection  from  these  sources. 
The  fungi  of  aiumal  origin  when  they  infect  man  either  directly 
from  a  diseased  animal  or  indirectly  from  another  human  case, 
usually  produce  more  inflammatory  lesions  than  do  those  species 
which  affect  man  only. 


MlCROSPORON 

Tlie  small  spored  ringworm  fungi  are  in  this  locality  the  com- 
monest cause  of  ringworm  uf  the  scalp.     The  species  of  animal 
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origin  also  attack  the  glabrous  skin  especially  in  eliildren.  In  the 
epidermis  of  the  diseased  scalp  they  appear  as  curved  branching 
h\'plia^  made  up  of  elongated  elements.  The  stuinps  of  the  diseased 
hairs  are  covered  with  a  mosaic  of  small  round  spores  of  uniform 
diameter  (about  2  microns)  uhieh  completely  envelops  the  hair. 
If  the  hair  is  crushed,  mycelial  threads  arc  also  seen  which  grow 
along  the  medulla.  From  these  central  filameiits  branches  project 
out  through  the  cortex  and  give  rise  to  the  sheath  of  spores. 

Cultures. — These  parasites  arc  easily  cultivated.  They  grow 
rapidly  on  agar  producing  large  flat  colomes  which  fi'om  the  first 
are  covered  with  a  duvet  of  aerial  hyphie.  At  the  center  is  a  raised 
papilla  and  from  this  fiilds  in  the  membrane  radiate  out.  The  color 
of  the  duvet  varies  from  snow-wMte  to  deep  buff  and  of  the  mem- 


Fia.  116. — MiCRoapoRON  Lanosum  (Six  Weeks  Culture  on  Sabourauds  Test  Medhixn 

)  Natural  !5izc.     Uopkiu^). 


brane  from  buff  to  brilliant  orange  or  even  a  russet  l*ruwn.  The 
pigment,  which  is  well  developed  only  on  glucose-contaiiiinp;  media, 
is  difTusablo.    Gelatin  is  very  slowly  liquefied. 

Morphology. — In  young  cultures,  long  straight  coarse  trunks 
radiate  out  from  the  center  giving  off  frequent  hranehes  which 
later  form  an  inextricable  tangle  of  threads  running  in  all  directions. 
Some  terminal  branches  bear  eonidia  attached  to  their  sides  by  a 
flattened  facets  (Acladium  type).  They  also  form  ehlamydospores, 
and  fuseaiix. 

Sabouraud  describes  eleven  species  of  microspora  which  he  divides  into 
two  groups:  one  affcottuf?  man  unly  and  one  afTectinf?  both  aniinala  and  man. 

Microsporon  AudouinL^TIiia  is  tlio  type  species  of  the  t'oruior  jrroup. 
In  gross  appearance  the  cultures  ore  distinguished  by  their  slower  growth, 
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tlieir  velvety  white  or  faintly  buff  duvet  and  less  active  pigment  production. 
Microsporon  Audouini  produces  only  occasional  and  atypical  fuseaujt  but 
numerous  chalniydospores  which  are  frequently  sub-termiual  the  hyplia  pro- 
jecting beyond  them  like  a  spine.  It  also  produces  typical  pectinate  bodies. 
Animal  inoculation  has  been  unsuccessful.  Closely  allied  to  this  species  are: 
Microsporon  umbonatum,  M.  tardum,  and  M.  velveticum. 

Microsporon  latioaum  {M.  Audouini^  var,  canis). — This  is  the  type  species 
of  the  uiiciospora  of  animal  orij^in.  It  produces  ringrworm  in  the  dog.  The 
cultures  gri'ow  very  rapidly  and  on  glucose  arc  deeply  pigmented.  Tlie  duvet 
15  long,  shaggy,  aud  in  older  growths  assumes  a  dark  tan  color.     The  upper 


Fio.  U7.— FU9EAUX  OF  Microsporon  LAKo&tnix200. 

surface  is  covered  with  a  thick  crop  of  tyi>ica]  lenticular  fuseaux  which  alone 
serve  to  identify  cultures  as  belonging  to  tlii.s  group.  Experimental  lesions 
in  the  guiuca-pig  can  be  produced  by  the  inoculation  of  cultures.  Other 
members  of  this  group  are:  Microsporon  felineum,  M.  equinum,  M.  fulvum, 
M.  villosum,  M.  pubeseens,  and  M.  tomentosnm. 


Trichophyton 

TJie  trichophyta,  like  the  mierospora,  may  produce  ringAvorm  of 
tlie  aoalp  but  tliey  also  produce  lesions  on  the  glabrous  skin  and 
nails.  The  gt'iuis  is  defined  chiefly  by  the  fact  that  its  membera 
produce  lesions  without  .scutula  and  appear  in  infected  hairs  as 
chains  of  spore-like  elements.  This  alignment  of  the  so-called  spores 
(which  are  in  reality  short  mycelial  elements)  distinguishes  them 
from  those  of  tho  preceding  genus.  In  most  tricliophyta,  too,  the 
spores  are  large  hut  in  n  few  they  arc  of  about  the  same  size  as 
those  of  tho  microspora  (3  niicrons).  In  culture  most  species  produce 
couidia   attached   to   the   hyphae  by  pointed   tips   and   frequently 
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Arranged  in  clusters.  A  few  species  (Tr.  violacenm)  which  bear  no 
conidia  are,  however,  included  in  the  genus.  On  artiiieial  media 
the  growths  are  much  buckled  and  raised  as  compared  to  tlie  Hat 
cxxlturi's  of  Ihi'  niieroHpura.  The  cultures,  however,  vary  so  greatly 
among  themselves  in  appearance  that  no  description  can  be  given 
wliich  would  apply  to  the  genus  as  a  whole. 


OlassificatioiL — Snbouraiid  lists  thirty  spodes.  His  clafisitlcatioD  is  based 
primarily  on  the  appearance  of  the  parasite  in  the  infected  hairs.  Such 
a  scheme  has  the  disadvanlape  tliat  it  proups  together  forms  whieh  have 
diverse  cultural  characteristics  and  separates  others  which  culturally  are 
similar.    He  divides  them  first  into  three  divisions: 

I.       The  Triehopliylon  endotbrix  in  which  the  fungus  is  fouud  only  within 

the  medulla  of  the  hair. 
IT,     Ttie  Trichophyton  neo-endothrix  in  which  some  infected  hairs  sliow 

nlso  a  few  filaments  on  their  surface. 
III.  The  Trichophyton  ectothrix  in  which  besides  invadinjj  the  substanee 

of  the  hair  the  fun^s  proliferates  actively  on  its  surface. 
Of  this  third  division  there  are  two  gn'oups: 

A.  The  niicroid  ectothri<.'es,  of  which  the  spore-like  elements  about  the 
infected  liairs  urc  from  3  to  4  microns  in  diameter.  They  are  again  divided 
into  two  sub-groups,  differing  culturally:  {a)  The  Gypseum  Group  and  (6) 
The  Nivcum  Group. 

B,  The  me^alosporn,  of  wliich  the  rounded  elements  are  from  fi  to  8 
microns  in  diameter.  These  Sabouraud  again  divides  into;  (a)  A  group 
forming  downy  cultures,  and  (6)  A  group  in  which  the  cultures  are  faviform. 

The  typical  members  of  the  Endothrix  Group  (Tr.  crateriforme  and 
Tr.  acuminatum)  form  small  raised  colonies  less  than  4  em.  in  diameter. 
They  arc  wjute  or  slightly  yellowish  and  are  covered  from  the  first  with 
a  short  powdery  or  velvety  duvet  but  show  little  tendency  to  jilenmorphic 
change.  They  produce  numerous  eonidia  in  thyraes  or  small  clusters  but 
show  no  other  characteristic  structures.  Snhournud  describes  many  vnriants 
of  theso  Bpcci&s  which  differ  in  the  contour  of  tlieir  colonies'  or  in  pigment 
produotion.  They  are  frequently  fouud  in  mild  ringworm  of  the  scalp  in 
France  but  so  far  we  have  not  found  them  in  New  York. 

Tnchoidiyton  violaceum,  whicli  is  also  an  endothrLx,  is  a  very  different 
organism.  It  develops  slowly,  forming  small  wrinkled  coloniou  with  a  hard 
glistening  surface,  which  slowly  develop  a  black-violet  color.  The  mycelium 
is  made  up  of  short  crooked  elements  and  no  eonidia  are  formed.  It  is 
found  with  relative  frequency  in  tinea  of  the  scb1]>,  body  and  nails.  A 
variant  (Tr.  glat>rum)  diflfers  only  in  the  abs<'nce  of  jtiginent. 

Trichophyton  eorebriforme,  the  tyjie  of  the  ICeo-Endothrix,  Group,  re- 
sembles in  culture  the  Tr.  crateriforme. 
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The  Oypseuin  Group  (Tr.  astcroides,  radiolatum,  etc.)  grow  more  vigor- 
olihIv  fomain^;  Uxrgc  colonies  up  to  10  cm.  hi  dtainetor.  The  Hiirface  ia 
powdery  or  pluster-like,  but  the  parasites  soon  become  pleomorphic  and 
produce  a  long;  velvety  auvet.  They  produce  conidia  in  larjje  cluslerSj  rudi- 
mentary fnseaux,  and  numerous  spirala.  The  lesions  are  inflammatory,  with 
folliculitis  and  kerion  formation.    They  cause  ring-worm  in  horses. 

The  Niveum  Group  resemble  the  pleomorphic  fonus  of  tlie  gypseum 
group.     They  form  conidia  only. 

Trichophyton  rosnceum  (the  type  of  the  Downy  Me^talospora)  forms  a 
colony  of  medium  size  resembling  a  folded  disc  of  while  velvet.  The  deep 
poKion  develops  a  crimson  or  violet  piRinent  wliieh  ;nves  a  rose  tint  as 
seen  tlirough  the  white  duvet.    It  forms  long  thyrscu  and  rudimentary  fuseaux. 

The  Faviform  Strains  (Tr.  ochraceum,  Tr,  album,  etc.)  resemble  culturally 
the  Achoriou  Schoenleiui.  They  are  gi'ouped  with  the  trichophyta  chiefly 
because  they  I'urm  no  scutula  in  lesions. 

A  description  of.  all  the  individual  specii's  would  t-xec-ed  the  scopG 
of  this  chapter. 

ECZEPIA    MAKQINATUM    AKD    FOMFHOLYX 

Eczema  marginatum  or  ringworm  of  the  groin  is  a  common  derma- 
tosis. In  the  lesions  Castcllani  and  Sabouraud  found  a  fungus  to 
which  the  latter  gave  the  name  Epidennophyton  inguinale.  More 
recently  Ornisby  and  Mitchell"  and  others  in  this  country  have 
found  the  same  fungus  in  eezeraatoiis  lesions  of  the  hands  and  feet 
and  also  in  the  vesicular  eruptions  in  these  regions  formerly  called 
ponipholyx.  Sabouraud  has  also  found  varioiLs  species  of  trichophyta 
in  palmar  eczemas. 

EiUDB;HMOPHYTON    iNOlIINilLB 

{Trichophyton  cruris) 

In  the  epidermis  the  parasite  is  seen  as  long  interlacing  tilaments 
made  up  of  oblong  or  oval  cells  with  double  contours.  It  develops 
slowly  in  culture  as  a  greenish  buff  colony  with  folds  radiating  from 
a  central  or  slightly  eccentric  peak,  attaining  a  diameter  of  perhaps 
two  centimeters  iji  a  month.  The  surface  at  first  is  dry  and  powdery 
but  on  sugar  media  it  quickly  becomes  pleomorphic,  developing  a 


-Ormsby,  O.  8,,  and  MUcMI,  J,  U.,  Jour.  Am.  Med.  Assn.,  1916,  LXVII,  711, 
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tliiuk  white  duvet.     Related  varieties  arc  also  found  wliich  form 
huge  crateriform  colonies. 

The  cultures  form  no  eonidia  but  are  readily  identified  by  the 
innumerable  blunt  fuseaux  which  are  born  on  aerial  hyphte.  Theso 
are  often  in  clusters  which  have  been  compared  to  a  hand  of 
bananas.  Older  cultures  show  also  many  intercalary  chlamydospores. 
The  fuseaux  are  not  found  in  cultures  which  liave  become  downy. 


Fia.  118— Fdseaux  orEpxi>BKiiyriiiiui>  isn  t:>.iL£X200. 

Inoculations  of  epidermophyton   cultures  into  men,   dogs  and 
guinea-pigs  have  been  uniformly  unsuccessful. 


TINEA  VERSICOLOR 

(Pityriasis  versicolor,  Ckromopkytosis) 

Tinea  versicolor  appears  as  large  fawn-colored  patches  on  the 
covered  parts  of  the  body.  These  show  slight  superficial  sealing 
but  no  evidence  of  inflammation.  The  causative  fungus  is  foimd 
abundantly  in  the  horny  epidermis  where  it  seems  to  grow  as  a 
saprophyte. 
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Microsporon  furfur  (Malassezia  furfur).  This  fungus  bears  little 
rt'semblance  to  the  microspora  wlucli  cause  ring-worm.  It  appears 
as  septate  filaments  o£  very  irregular  contour  3  to  4  microns  wide. 
They  are  usually  unbranched  but  interlace,  forming  a  mcshwork 
in  which  are  found  masses  of  spure-like  bodies.  !Most  attempts  to 
isolate  the  organism  have  failed.  A  few  investigators*^  have 
reported  successful  cultures  but  their  work  lacks  confirmation. 


ERTTHRASMA 


Erythrasma  is  a  superficial  infection  of  the  epidermis  which 
produces  round  sealing  patches  usually  located  in  the  axillae  or 
groins.  There  is  no  evidence  of  inflammatory  reaction  except  a 
hyperemia  which  gives  the  lesions  a  characteristic  red  color.  A 
parasite  is  found  in  the  epidermis  which  appeara  as  minute  twisted 
threads  which  are  easily  broken  up  into  elements  about  the  size 
of  bacilli.  Cultures  liave  been  described  by  Michele  and  by  Ducrey 
nnd  Kcale  but  accorc^ing  to  others  the  organism  cannot  bo  cultivated. 
It  has  been  given  various  names:  Microsporon  minutissimumf  sporo- 
thrix  yninutistrimum,  and  nocardia  7ninutissimum. 


^Kotjafj  Ref.  Baugartcns  Jahresbericht,  1892. 
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BACTERIA  IN  THE  AIR  ANU  SOIL 

BACTERIA    IN    THE    AIR 

Bacteria  reach  the  air  largely  from  the  earth's  surface,  borae 
aloft  by  currents  of  air  sweeping  over  dry  places.  Their  presence 
in  air,  therefore,  is  largely  dependent  upon  atmospheric  conditions; 
humidity  and  a  lack  of  wind  decreasing  their  numbers,  dryness  and 
high  winds  increasing  them.  Multiplication  of  bacteria  duinng 
transit  through  the  air  probably  does  not  take  place. 

Apart  from  these  considerations  the  presence  of  bacteria  in  air 
also  depends  upon  purely  local  conditions  prevailing  in  different 
places.  They  are  most  plentiful  in  densely  populated  areas  and 
within  buildings,  such  as  theaters,  meeting  halls,  and  other  places 
where  large  numbers  of  people  congregate.  On  numntain  tops,  in 
deserts>  over  oceans,  and  in  other  uninhabited  regions,  the  air  is 
comparatively  free  from  bacteria.  A  elassiral  illustration  of  this 
fact  is  found  in  the  experiments  which  Fasteur  carried  out  in  his 
refxitation  of  the  doctrine  of  spontaneous  generation.  Tyndall  also, 
in  working  upon  the  same  Rubjeet,  demonstrated  this  fact.  From 
the  surface  of  the  ground  and  other  places  wliere  bacteria  have  been 
deposited,  they  reach  the  air  only  after  complete  drying.  It  is  a 
fact  of  much  importance,  both  in  bacteriological  work  and  in  sur- 
gery, that  bactena  do  not  rise  from  a  moist  surface.  From  dry 
surfaces  they  may  rise,  but  only  when  the  air  is  agitated  either 
by  wind  or  by  air-currents  produced  in  other  ways.  In  closed  rooms, 
therefore,  even  when  bacteria  are  plentiful  and  the  walls  and  floors 
are  perfectly  dry,  there  is  little  danger  of  the  inhalaticni  of  bactena 
unless  the  air  is  agitated  in  some  way.    The  most  favorable  condi- 
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ions  for  tho  ot-currpnce  of  many  baotoria  in  air  are  the  exisleiiec 
of  a  proloMK**^  drought  tollowi'd  by  a  dry  wind.  Under  siich  condi* 
tiona,  oven  the  dark  places  and  uniighted  corners  of  streets  end 
habitations  arc  thoroughly  dried  out,  and  bai-lt'ria  are  taken  up 
and  carried  about  together  with  particles  of  dust.  At  such  times 
the  dangers  from  inhalation  are  much  multiplied.  By  experiments 
made  in  balloons,  it  has  been  foun<l  that  baeteria  are  plentiful  below 
altitudes  of  about  fifteen  hundred  feet  and  may  be  present,  though 
much  reduced  in  numbers,  as  high  up  as  a  mile  above  the  earth's 
surface.  The  Rpeeies  of  baeteria  found  in  the  air  are,  of  course, 
subject  to  great  variation,  depending  upon  locality.  Molds  and 
spore-forming  bacteria,  bring  more  regularly  resistant  to  the  effects 
of  sunlight  and  drying  than  baeteria  possessing  only  vegetalivc 
forms,  are  naturally  more  generally  distributed. 

Out  of  air  thus  laden  with  bacteria,  they  may  again  settle  when 
the  wind  subsides  and  the  air  becomes  quiescent.  ITie  process  of 
settling,  however,  is  extremely  slow,  since  the  weight  of  a  bacterium 
is  probably  less  than  a  billionth  of  a  gram,  and  it  may  be  held  in 
suspension  in  air  for  considerable  periods.  Kains,  snow,  or  even 
the  condensation  of  moisture  from  a  humid  atmosphere,  hastens 
this  process  considerably  and  large  quantities  of  bacteria  may  settle 
out  from  air,  in  a  comparatively  short  time,  in  ice  chests,  in  operating 
rooms,  or  in  other  places  in  which  much  condensation  of  water  vapor 
takes  place. 

The  importance  of  the  air  as  a  means  of  conveying  disease  is 
Btill  a  problem  upon  w[u<*h  much  elucidation  is  needed.  The  im- 
portance of  this  niaiiner  of  conveyance  in  smallpox,  in  measles,  in 
scarlet  fever,  and  in  other  exanthemata,  can  not  be  denied.  As 
regards  the  diseases  of  known  bacterial  origin,  conveyance  by  air 
is  of  importance  in  the  case  of  tuberculosis,  where  infection  by 
inhalation  may  take  place,  and  in  the  case  of  anthrax,  where  inhaled 
anthrax  spores  may  give  rise  to  the  pulmonary  form  of  the  disease. 
Tile  importance  of  air  conveyance  for  any  great  distance  in  pneu- 
monia, in  influenza,  in  diphtheria,  and  in  meningitis  is  by  no  means 
clear  and  requires  much  further  study.  The  expulsion  of  bacteria 
from  the  lungs  and  naso-pharynx  does  not  take  place  during  simple 
expiration,  since  an  air-current  passing  over  a  moist  surface  is  not 
Bufticient  to  dislodge  microorganisms.  Expulsion  of  bacteria  in 
those  conditions  must  take  place  together  with  small  particles  of 
moisture  carrietl  out  in  sneezing,  coughing,  or  any  forced  expiration. 
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The  bacteria  thus  discharged  are  then  subject  to  the  process  of 
drying  and  often  are  exposed  to  direct  sunlight  for  a  considerable 
period  before  they  are  again  taken  up  in  the  air. 

The  methods  of  estimating  the  bacterial  contciits  of  the  air  are 
not  entirely  satisfactory.  The  simple  exposure  of  uncovered  gelatin 
or  agar  plates  for  a  definite  length  of  time,  and  subsequent  estimation 
of  the  colonies  upon  the  plates,  yield  a  result  which  is  variable 
according  to  the  air-currents  and  the  degree  of  moisture  in  the 
atmosphere,  and  furnish  no  volume  standard  for  comparative  results. 
The  methods  which  arc  in  use  at  the  present  time  depend  upon 
the  suction  of  a  definite  quantity  of  air  by  means  of  a  vacuum-pump 
through  some  substaiice  which  will  catch  the  bacteria.  One  of  the 
fijst  devices  used  for  thiH  purpose  was  that  of  Uesse,  who  sucked 
air  through  a  piece  of  glass  tubing,  about  78  cm.  long  and  about 
3.5  cm.  in  diameter,  the  inner  surface  of  which  had  been  coated 
with  gelatin  in  the  manner  of  an  Esmarch  roll  tube.  This  method 
is  not  efficient,  since  a  large  number  of  the  bacteria  may  pass  entirely 
through  the  tube  without  settling  upon  the  gelatin.  One  of  the 
most  satisfactory  methods  at  present  in  use  is  that  in  which  definite 
volumes  of  air  are  sucked  through  a  sand-filtor.  AVithin  a  small 
glass  tube,  a  layer  of  sterihzed  quartz  sand,  about  4  cm.  in  depth, 
is  placed.  The  sand  is  kept  from  being  dislodged  by  a  small  wipe 
screen.  After  the  air  has  been  sucked  through  the  filter  the  sand 
is  washed  in  a  definite  volume  of  sterile  water  or  salt  solution,  and 
measured  fractions  of  this  are  planted  in  agar  or  gelatin  in  Petri 
plates.  The  colonies  which  develop  are  counted.  Thus,  if  two  liters 
of  air  have  been  sucked  through  the  filter,  and  the  sand  has  be^n 
washed  in  10  c.c.  of  salt  solution,  and  1  c.c.  of  this  is  planted,  "with 
the  result  of  fifteen  coloT»ies,  then  the  two  liters  of  air  have  eontaine 
one  hundred  and  fifty  bacteria. 


BACTERIA    IN    SOIL 


Besides  the  normal  bacterial  inhabitants  of  the  soil,  bacteria 
reach  the  soil  from  the  air.  in  contaminated  waters,  in  the  dejecta^] 
excreta,  and  dead  bodies  of  animals  and  human  beings,  and  in  the 
substance  of  decaying  plants.  It  is  self-evident,  therefore,  that  the 
distribution  of  bacteria  in  soil  depends  largely  upon  the  density 
of  population  and  the  use  of  the  soil  for  agricultural   or  other 
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purposes.  Tl^is,  bacteria  are  most  plentiful  in  the  neighborhood  of 
cestj-pools  or  in  manured  fields  nnd  gardens.  Such  condilions,  liuw- 
ever,  may  be  regarded  au  abnormal.  Even  in  uncultivated  fields 
there  is  a  constant  bacterial  flora  in  the  soil  which  is  of  great 
importance  iji  its  participation  in  the  nitrogen  cycle,  a  phase  of  the 
bacteriology  of  soil  which  has  been  discussed  in  detail  in  another 
section. 

There  arc,  thus,  regular  and  normal  inhabitants  of  the  soil  which 
fulfill  a  definite  fiuictiou  and  may  be  found  wherever  plant  life 
flourishes.  In  addition  to  these,  innumerable  varieties  of  sapro- 
phytes and  pathogenic  germs  may  be  present,  which  vary  in  species 
and  in  number  with  local  conditions.  Numerous  investigations  into 
the  actual  numerical  contents  of  the  soil  have  been  made.  Houston* 
found  an  average  of  1,500,000  bacteria  per  gram  in  garden  soil, 
and  about  100,000  bacteria  per  gram  in  the  arid  soil  of  uncultivated 
regions.  Fraenkel,*  in  studying  the  horizontal  distnbntion  of  bac- 
teria in  the  earth,  lias  found  that  they  arc  most  numerous  near  the 
surface,  a  gradual  ditiiinutiou  occurring  down  to  a  depth  of  about 
two  yards.    licyond  ibis,  thf  soil  may  he  often  practically  sterile. 

Pathogenic  bacteria  luuy  ul  times  Ik'  found  in  the  surface  layers, 
and  tlics<^  are  often  of  the  siwre-ln-aring  varieties.  Most  important 
among  them  from  the  medical  standpoint  arc  the  bacillus  of  tetanus, 
of  malignant  edema,  and  the  Welch  bacillus.  If  a  guinea-pig  is 
inoculated  subcutaneously  with  an  t'niulsiou  of  garden  soil,  death 
will  result  almost  bivariably  with  enormous  bloating  and  swelling 
of  the  body  due  to  gas  production.  This  is  due  to  the  fact  that 
the  spore-bearing,  gas-produeing  anaerobic  bacilli  are  commonly 
present  and  arc  actively  pathogenic  for  these  animals.  The  frequent 
occurrence  of  ti'tanus  in  persons  sustaining  wounds  of  the  bare  feet 
and  hands  in  fields  and  excavations,  is  a  matter  of  common  knowl 
edge.  Anthrax,  also,  may  be  easily  conveyed  by  soil  in  localities 
where  animals  are  suffering  from  this  infection.  It  is  not  probable 
that  pathoge!iie  germs  which  are  not  spore-bearers  survive  in  the 
soil  for  any  great  length  of  time.  Unless  the  soil  is  specially  pre- 
pared by  the  presence  of  defecations  or  other  organic  material,  the 
nutrition  at  their  disposal  is  not  at  all  suitable  for  their  needs,  since 
rapid  decomposition  of  organic  materials  by  saprophytes  is  always 


*Souaton,  Report  Med.  Officer,. Local  Oovem.  Bd.,  Ixindon,  1867 
^Froenkel,  Zeit.  f.  Hyg.,  ii,  1887. 
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^ing  on  in  the  upper  layers.  ?\jrtherniore,  in  the  deeper  layers 
the  conditions  of  teinperalui'e  and  possibly  oxygen  supply  are  not 
at  all  favorable  for  tlie  growth  of  most  pathogenic  bacteriu.  Within 
a  short  distance  from  the  smfacc  the  temperature  of  the  soil  usually 
sinks  below  14"  or  IS**  C.    An  interesting  series  of  experiments  by 

raenkeP  have  demonstrated  tins  point.     This  investigator  buried 

•eshly  inueulated  agar  and  gelatin  eultures  of  eholera  spirilla  and 
if  typhoid  and  antbrax  bacilli  at  diffeient  levels,  and  examined 

liem  for  growth  after  two  weeks  had  ehipscd.     Tho  anthrax  bacilli 
lardly  ever  showed  growth  at  a  depth  below  about  two  yards,  and 
iholera  and  typhoid  developed  colonies  at  these  depths  only  during 
the  summi'r  months.     Under  natural  eonditions  it  must  be  remem- 
bered that,  at  these  levels,  suitable  nutritive  material  is  not  found. 
A  consideration  of  practical  importance  in  thiii  connection  is  the 
possibility  of  infection  by  means  of  buried  cadavera,     An  elalwrate 
series  of  experiments  has   been   carried   out  ui)on    this   subject    in 
fOermany,  with  results  which  demonstrate  that  the  danger  from  the 
!hurial  of  pe»*8ons  dead  of  infeetious  diseases  was  formerly  mucli 
^exaggerated.    Experiments'*  usually  failed  to  reveal  tin*  presence  of 
[cholera  an<l  typhoid  bacilli  within  two  to  three  weeks  after  burial, 
^and  tubercle  bacilli  were  never  found  after  three  months  had  elapsed. 
[t  was  only  in  the  case  of  sporulsling  mieroorganisins,  sueh  as  the 

ithrax  baeillus,  that  the  liviti^  incitaiits  ctmld  be  found  for  hr 
flong  as  two  years  after  biu'ial.  The  dangera  of  infection  of  human 
being  througli  the  agency  of  soil,  therefore,  are  chiefly  those  arising 

•om  the  spore-Uaring  bacteiia  which  are  able  to  remain  alive  in 
(pite  of  the  unfavorable  cultural  conditions.  It  has  been  found 
hy  some  observei*s,^  liowever,  that,  under  special  conditions,  non- 
aporulating  bacteria,  more  especially  the  typhoid  bacillus,  may 
remain  alive  in  soil  for  several  months.  Althoitgh  these  baetei-ia, 
as  well  as  those  of  eholera,  diphtheria,  etc.,  can  not  proliferate  und< 
the  conditions  found  in  the  soil,  tlie  fact  that  tht'V  can  rcmai 
viable  for  such  prolonged  periods  in  the  upper  layers  suggests  th< 
pos.sibility  of  danger  from  the  use  of  unwashed  vegetables,  such 
lettuce  or  radishes  or  other  soil  and  sewage  contaminated  foo< 
products.    The  examination  of  soil  for  colon  bacilli,  while  demon,* 


*Fraenkef,  Zed.  f.  Hyg.,  xi,  1887. 

*  Petri,  Art),  a.  il.  kais.  OomindheitAamt,  vii. 

^t'irth  and  HorrocU,  Brit.  Med.  Jour.,  Sept.,  1902 
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strating  the  presence  or  absence  of  manure  or  sewage  contamination, 
has  nu  practical  value,  since  colon  bacilli  arc  I'ouud  in  the  dejecta 
of  animals. 

Examination  of  specimens  of  soil  for  their  numerical  bacterial 
contents  is  extremely  unsatisfactory  because  the  bacteria  tliere 
found  can  hardly  ever  all  be  cultivated  fogether  under  one  and  the 
same  cultural  environment.  A  large  number  are  anaerol)ie,  others 
again  thrive  at  low  temperatures,  while  again  another  class  may 
require  uniisually  high  temperatures.  W^en  such  examinations  are 
made,  however,  specimens  of  the  soil  from  the  surface  layer  may  be 
taken  in  a  sterile  platinum  spoon.  When  taken  from  the  lower 
levels,  a  drill,  such  as  that  devised  by  Fraenkel,  may  h<'  used.  This 
consists  of  an  iron  rod  the  lower  end  of  whieh  is  pointed.  Just 
above  the  point  a  movable  eollai*  is  fitted.  This  collar  has  a  slit-like 
opi^ning.  The  rod  beneath  tlie  t-ollar  has  a  deep  longitudinal  proove 
corresponding  to  the  slit  in  the  collar.  A  flange  on  the  collar  permits 
opening  and  closing  of  the  groove  while  tlie  instrument  is  below  the 
gi'ound.  The  drill  is  forced  into  the  earth  to  the  desired  depth, 
the  groove  is  opened  and  earth  is  forced  into  the  chamber  by  twist- 
ing the  rod.  In  the  wime  manner  the  groove  may  be  closed.  The 
soil  obtained  in  this  way  is  taken  out  of  the  chamber  and  a  definite 
quantity,  say  one  gram,  is  dissolved  and  washed  thoroughly  in  a 
measured  volume  of  sterile  water  or  sterile  salt  solution.  Fractions 
of  this  are  then  mixed  with  the  culture  medium,  plated,  and  cul- 
tivated aerobically  or  anaerobieally  as  desired. 


CHAPTER   LII 

BACTERIA  IN  WATER 


All  natural  waters  contain  a  more  or  less  abundant  bacterial 
flora.  Tliis  fad,  comlaiied  with  our  kiiowkdge  that  the  iucitants  of 
Beveral  t'pidomic  diseases  and  a  numher  of  minor  aihiients  of  a 
diarrheal  character  are  water  borne,  gives  the  bacteriological  in- 
^vesligatiou  of  water  a  place  of  great  importance  in  hygiene.  In 
nature,  there  are  very  few  sources  of  water  supply  which  do  not 
contain  bacteria  of  one  or  another  description.  Wliile  pathogenic 
bacteria  are  usually  not  present  except  in  those  waters  which  are 
directly  contaminated  from  human  sources,  a  thorough  understaud- 
ing  of  the  quantitative  and  qualitative  bactei'ial  contents  of  all 
natural  waters  is  necessary  in  order  that  we  may  intelligently  gatJier 
comparative  data  as  to  the  fitness  of  any  given  water  for  human 
consumption. 

The  gross  appearance  of  water  is  rarely,  if  ever,  an  indication 
if  its  danger.     The  turbid  waters  of  running  streams  in  sparsely 
jpulated  agiacuHural  districts  may  be  safe,  while  perfectly  clear 
-Well  waters  subjected  to  the  dangers  of  contamination  from  neigh- 
boring sinks  or  ecss-pools  may  contain  large  numbers  of  pathogenic 
germs. 

The  diseases  which  are  known  to  he  more  directly  connected  with 
water  supply  arc  typhoid  fever  and  cholera. 

Typhoid  germs  discharged  from  the  bowel  or  from  the  urine  of 
typhoid  patients  or  convalescents  may  be  carried  by  the  sewage  or 
from  the  neighboring  soil  into  a  river  or  lake  and  lead  to  infectioB_ 
of  the  population  deriving  its  drinking  water  from  this  soun 
There  are  a  great  many  investigations  on  record  in  which  scvei 
typhoid  epidemics  have  been  traced  to  such  sources. 

In  the  case  of  cholera,  where  the  germs  are  discharged  from  tW 
bowels  in  enormous  numbers,  conveyance  of  the  disease  by  watt 
is  even  more  apparent,  and  the  discoverers  of  the  cholera   gei 
themselves,  in  their  early  work  in  Egypt  and  India,  were  able  toj 
isolate  the  bacteria  from  contaminated  water  supplies. 
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In  regard  to  the  less  clearly  understood  diarrheal  diseases,  dysen- 
tery, cholera  iafantuni,  etc.,  the  direct  relation  to  water  supply  haa 
not  been  so  definitely  proven,  and  can  be  deduced  only  from  the 
diminution  of  such  infections  after  the  substitution  of  pure  water 
for  the  previously  used  impure  supply.  It  is  thus  seen  that  water 
bacteriology  is  one  of  the  most  important  branches  of  the  science 
of  hypriene.  and  has  led,  and  is  constantly  leading,  to  enormous 
diminution  of  the  death  rate  in  all  communities  where  an  intelligent 
study  of  the  conditions  has  been  made. 

The  bacterial  purity  of  natural  waters,  although  dependent  upon 
special  and  local  conditions  in  relation  to  possible  contamination, 
differs  widely,  accoi'ding  to  the  source  from  which  such  waters  are 
derived. 

Rain  water  and  snow  water  are  usually  contaminated  with  bac- 
teria by  the  dust  which  they  gather  on  their  way  to  the  ground, 
and  are  especially  rich  in  bacteria  when  taken  during  the  first  lew 
hours  of  a  rain  or  snow  storm  when  the  air  is  still  dusty  and  filled 
with  floating  particles.  During  the  later  hours  of  prolonged  storms, 
rain  water  and  snow  water  may  be  comparatively  sterile.  Miquel,* 
who  made  extensive  experiments  in  P>anco  on  the  bacterial  contents 
of  rain  water,  found  that  in  country  districts,  where  the  air  is  leas 
dusty,  rain  water  contained  an  average  of  about  4.3  bacteria  to  the 
cubic  centimeter. 

The  bacterial  counts  of  snow  water  arc  \isually  somewhat  higher 
than  those  of  rain. 

The  waters  of  streams,  ponds,  and  lakes  are  usually  spoken  of  as 
surface  waters,  and  these  of  all  natural  supplies  contain  the  largest 
number  of  bacteria.  In  each  case,  of  course,  the  quantitative  and 
qualitative  bacterial  flora  of  such  waters  is  intimately  dependent 
upon  the  conditions  of  the  surrounding  country,  the  density  of  the 
population,  and  the  relation  of  these  waters  to  sewage.  It  is  also, 
and  to  no  less  important  degree,  dependent  upon  weather  conditions, 
the  influence  of  light  and  temperature,  and  the  food  supply  contained 
within  the  waters  in  the  form  of  decayed  vegetation.  In  all  such 
surface  waters  there  is  constantly  going  on  a  process  of  self-purifica- 
tion. The  chief  factor  in  this  process  is  sedimentation.  In  stagnant 
ponds  and  lakes  with  but  sluggish  currents  there  is  a  constant 
sedimentation  of  the  heavier  particles,  which  gradually  but  steadily 


^Miqutt,  Bevue  d'hjrg.,  vUi,  1886. 
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loads  lo  a  diminution  of  the  number  of  bacteria  in  the  upper  layers 
of  the  water.  In  rivers  where  sedimentation  is  to  a  certain  extent 
prevented  by  rapidity  of  current,  the  effectiveness  of  such  sedimen- 
tation is,  of  course,  entirely  dependent  upon  the  speed  of  the  current. 
'  I  The  influence  of  light  in  purifying  surface  waters  is  important 
chiefly  in  ponds,  lakes,  and  sheets  of  water  which  expose  a  lar^ 
surface  to  the  sunlight,  and  where  the  surroundings  are  such  that 
the  san  has  free  access  thntughout  the  day.  According  to  the 
researelirs  of  Hiiehner,-  thf  haetiM-ieidal  effects  of  light  penetrate 
through  water  to  a  depth  of  three  feet. 

The  effects  of  temperature  in  purifying  surface  waters  under 
natural  conditions  are  prolmbly  not  great.  There  is,  however,  a 
general  tendency  toward  diminution  of  llie  bacterial  flora  as  the 
temperature  of  such  waters  becomes  lower. 

The  presence  of  protozoa  in  natural  waters  as  purifying  agents 
has  recently  been  emphasized  by  Hiuiteniiiller/  who  claims  that 
these  organisms  by  phagocytosis  gieatly  diminish  the  number  ot 
baetciia  in  any  given  body  of  water.  It  is  self-evident  that  the 
number  of  bacteria  in  any  of  these  waters  is  never  constant,  since 
all  factors  which  tend  to  a  diminution  or  increase  in  volume,  such 
as  drying  up  of  tributary  streams  or  the  occurrenee  of  lieavy  rains, 
would  lead  to  differences  of  dilution  which  would  materially  change 
numerical  bacterial  estimations.  The  inlliK^nL-c  of  ruins,  furtJiermore, 
may  be  a  twofold  one.  On  the  one  hand,  heavy  rain-falls,  by  wash- 
ing a  hirge  uniount  of  dirt  into  tlic  rivers  and  lakes  from  the  sur- 
rounding land,  have  a  tendency  to  increase  the  bacterial  flora.  Tliis 
influence  would  be  especially  marked  in  all  bodies  of  water  which 
are  surrounded  by  cultivated  land  where  manured  fields  and  gras- 
ing-meadows  supply  a  plentiful  source  of  bacteria.  On  the  other 
hand,  in  regions  where  arid,  uninhabited  lands  siuround  any  given 
river  or  lake,  the  rain  would  carry  with  it  very  little  living  con- 
tamination and  would  act  chieHy  as  a  diluent  and  diminish  th« 
actual  proportion  of  bacteria  in  the  water.  ii 

Another  and  extremely  important  source  of  water  supply  is  that 
spoken  of  technically  as  **ground  water."     The  **ground  waters" 
include  the  shallow  wells  employed  in  the  country  districts,  sprini 
and  deep  or  artesian  wells.    The  shallow  wells  that  form  the  watoi 


■  Buchnw,  Arth.  f.  Hyjf.,  xvii,  18M. 
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Bnppiy  for  a  large  proportion  of  farms  in  the  eastern  United  States 
are  usually  very  rich  in  bacteria  and  arc  by  no  means  to  be  regard*'d 
as  safe  sources,  except  iu  eases  where  great  care  is  observed  as 
to  cleanliness  of  the  suri'oundings.  In  such  wells  the  filtration  of 
the  water  entering  the  well  may  be  subject  to  gi-eat  variation  accord- 
ing to  the  geological  conditions  of  the  surrounding  ground.  The 
proximity  of  barns  and  sinks  may  lead  to  dangerous  contamination 
of  such  wat('i*s. 

Examinations  by  various  bacteriologists  have  shown  that  sueh 
wells  frequently  contain  as  many  as  five  hundred  bacteria  to  the 
cubic  centimeter. 

Perennial  spiing  waters  are  usually  pure.  Examinations  by  the 
Massachusetts  State  Board  of  Health*  in  1901  showed  an  average 
of  about  forty  bacteria  per  cubic  centimeter.  As  sources  of  water 
supply  for  general  consumption,  however,  springs  can  hardly  be 
very  important  because  of  the  insignificant  quantities  usually  derived 
from  them. 

Of  much  greater  practical  importance  are  deep  artesian  wells, 
which»  under  ordinary  conditions,  are  largely  free  from  bacterial 
contamination. 

Quantitative  Estimations  of  Bacteria. — The  quantitative  estima- 
;tion  of  bacteria  in  water  is  of  necessity  inexact,  liccause  of  the 
diflficulty  of  always  securing  fair  average  samples  from  any  large 
Iwdy  of  water,  and  because  of  the  large  variations  in  cultural  re- 
quirements of  the  flora  present  in  them.  All  these  methods  depend 
upon  colony  enumeration  in  plates  of  agar  or  gelatin,  preferably 
of  buth.  For  the  sake  of  gaining  some  basis  of  comparison  for 
results  which,  at  best,  can  never  be  entirely  accurate,  an  attempt 
has  hi'vn  made  by  the  American  Public  Health  Association'  to 
standardize  the  methods  of  analysis. 

^  Water  for  analysis  should  always  be  collected  in  clean,  sterile 
bottles,  preferably  holding  more  than  100  c.c.  If  water  is  to  be 
taken  from  a  running  faucet  or  a  well  supplied  with  piping,  it  is 
important  that  it  should  be  allowed  to  run  for  some  time  before 
the  sample  is  taken,  in  order  that  any  change  in  bacterial  content 
occurring  inside  of  tlu'  pipes  may  be  excluded.  It  is  obvious  that 
in  water  pipes  through  which  the  flow^  is  not  constant,  bacteria  may 

•Masfl.  State  Bd.  of  Health,  33d  Annual  Keport  for  1901. 
*  Fuller,  Trans.  Amer.  Public  H<>aUb  Assn.,  xxvii,   1902.     Report  of  Com.  on 
Standard  Methods  of  Water  Analysis,  Jour.  Inf.  Di».,  Suppl.  I,  1905. 
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find  favorable  conditions  for  growth  and  such  a  sample  would  not 
represent  fairly  the  supply  to  be  tested.  When  the  water  is  taken 
from  a  pond,  lake,  or  cess-pool,  the  bottle  may  be  lowered  into  the 
water  by  means  of  a  weight,  or  may  be  plunged  in  %vith  the  hand, 
great  care  being  exercised  not  to  permit  contamination  from  the 
fingers  to  occur. 

After  the  water  has  been  collected  it  is  important  to  plate  it 
before  the  bacteria  in  it  have  a  cliance  to  increase.  The  changes 
taking  place  during  transportation,  even  when  packing  in  ice  has 
been  resorted  to,  have  been  found  by  Jordan  and  Irons*  to  be 
considerable.  It  is  imperative,  therefore,  that  plating  of  the  water, 
if  possible,  shall  not  be  delayed  for  longer  than  one  or  two  hours 
after  collection. 

Bacteriological  Examination  of  Water. — In  describing  the 
methods  of  bacteriological  examinations  of  water,  we  adhere  strictly 
to  the  recommendations  of  the  Committee  on  Standard  Methods  of 
the  American  Public  Health  Association/  taking  the  following 
paragraphs  with  slight  cliangCvS  from  their  rcp<:)rt  of  1915; 

It  should  be  remembered  that  quantitative  estimations  of  bacteria 
in  water  are  of  most  value  when  repeatedly  done  and  a  **normar' 
for  the  particular  water  supply  has  been  established,  ro  that  devia- 
tion from  this  "normal"  can  be  easily  recognized.  Single  isolated 
determinations  may  easily  lead  to  error. 

The  following  paragraphs  are  taken  without  change  from  the 
Public  Health  Association's  report: 

"Since  gelatine  does  not  give  the  total  number  of  bacteria  in  the  water, 
the  committee  baa  thought  it  wise  to  iise  agar  incubated  at  'S7°  C.  as  a 
standard  medium.  This  admits  of  counts  in  one  day  instead  of  two,  anfl 
gives  results  on  the  kind  nf  bacteria  growing  at  blood  teDiperatm:^  aad 
therefore  more  nearly  related  to  pathogenic  types'. 

"Media, — The  standard  medium  for  determining  the  number  of  b&cterui 
in  water  shall  be  nutrient  agar.  All  variations  from  this  tnedium  shall  be 
considered  special  medio.  If  any  medium  other  than  standard  agar  is 
this  fact  shall  be  stated  in  the  report. 

"For  general  work  the  standard  reaction  shall  be  -fl  per  cent,  but  for 
long  continued  work  upon  water  from  the  same  source  the  optimum  reaction 
shall  he  ascertained  by  experiment  and  thereafter  adhered  to.  If  the  reactio|i 
used,  however,  is  different  from  the  standard,  it  shall  be  so  stated  in 
report. 


*  Jordan  and  Irons,  B«port8  of  the  Amer.  Pub.  Health  Assn.,  sxv.  1889. 
'Amer.  P.  H.  A.,  SUnd.  Meth.  KwuB.  Water  and  Sewage,  1915. 
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"Procedure.— ShAke  at  least  Iwenly-Bve  times  the  bottle  wHieb  eotttaSia 

the  saiupie.  Withdraw  I  c.c.  of  lUe  sample  with  a  sterihzed  pipeite  and 
deliver  it  into  a  sterilized  Petri  lU&ii,  10  cm.  in  diUiueler.  it'  thi'ie  be  reahon 
to  suspect  tliat  the  number  of  bacteria  is  more  than  200  per  c.c,  mix  1  c.c, 
of  the  Haruple  with  9  c.c.  of  sterilized  tap  or  distilled  wa^«r.  Shake  twenty-Hve 
times  aud  measure  1  c.c.  of  the  diluted  sample  into  a  Petri  dish.  If  a  higher 
dilution  be  required  proceed  in  the  same  manner,  e.g,,  1  e,c.  of  the  sample  to 
JMJ  c.c,  of  sterilized  water,  or  1  r.o.  of  the  once  diluted  sample  to  9  c.c,  of 
sterilized  water,  and  so  on.  In  the  cnse  of  an  unknown  water  or  a  sewage 
it  in  advisable  to  u^e  several  dilutions  for  the  same  •^nniplc.  To  the  liquid 
in  tlie  Petri  dish  add  10  c.c.  of  standard  agar  at  a  temperature  of  about 
40*  C.  Mix  the  medium  and  water  thoroughly  by  tipping  the  dish  back  and 
forth,  and  spread  the  wmtents  uniformly  over  the  bottom  of  the  plate.  Allow 
the  agar  to  eool  rapidly  on  a  hoi-izontal  surface  and  transfer  to  the  37"  C. 
incubator  as  soon  as  it  is  hard,  incubate  the  culture  for  twenty-four  houra 
at  a  temperature  of  37°  C.  in  a  dark,  well-ventilated  incubator  where  the 
atmosphere  is  practically  saturated  with  moisture.*  After  the  period  of 
incubation  place  the  Petri  dish  on  a  glass  plate  suitably  ruled  and  count 
the  colonies  with  the  aid  of  a  lens  which  magnificji  at  least  five  diaiurteiB. 
So  far  as  practicable  the  number  of  colonies  upon  the  ptate  shall  not  be 
allowed  to  exceed  200.  The  whole  number  of  colonies  upon  the  plate  shall 
be  counted,  the  iiruclice  of  counting  n  fractional  part  being  resorted  to  only 
in  case  of  necessity. 

"It  will  be  found  advantageous  to  use  Petri  disht>s  with  porous  earthen- 
ware covers  in  order  to  avoid  the  spreading  of  colonies  hy  the  water  of 
condensation.* 

^'Expression  of  BesuUs. — In  order  to  avoid  fictitious  accuracy  and  yet  to 
express  the  numerical  results  by  a  method  consistent  with  the  precision  of  the 
Avork  the  rules  given  below  shall  be  followed ; 


"Numbers  of  Bacteria  per  c.c. 
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Qaalitative  Bacterial  Analyses  of  Water. — Of  far  greater  im- 
portance than  quantitative  analysis  is  the  isolation  of  bacteria  either 


Whipple,  Tech.  Qnar.,  18W,  12,  p.  278, 

BxU,  Jour,  Med.  Res.,  1904,  N.  8.,  8,  p.  93. 


1022 


BAClTiRU   IN   AIR.   SOIL,   WATER,   AND   MILK 


distinctly  pathogt^nic,  such  as  the  cholera  apirillum  and  the  typhoid 
bacillus,  or  of  other  species  probably  emanating  from  contaminating 
sources,  siieh  as  a  B.  coll.  I'nl'ortunutely  there  are  no  reliable 
methods  by  which  typhoid  and  cholera  germs  can  be  isolated  from 
water  with  any  degree  uf  regularity  or  certainty.  Although  fre- 
quently the  isolation  of  such  organisms  is  possible,  a  negative  result 
in  these  cases  is  by  no  means  climinativc  of  their  presence. 

The  isolation  of  typhoid  bacilli  from  water  is  very  difficult,  chie 
because  of  the  great  dilution  which  contaminations  undergo  upo 
entering  any  large  body  of  water.  The  difficulty  of  isolating  typhoi 
bacilli,  even  from  the  stools  of  infected  patients,  makes  it  clear  that 
.such  diffienhies  are  enhanced  when  a  considerable  dilution  o£  the 
excreta  takes  place.  Furthermore,  water  is  by  no  means  a  favorable 
medium  for  the  typhoid  bacillus.  Russell  and  Fxiller**"  have  shown 
that  typhoid  bacilli  may  die  in  water  within  five  days,  and  it  itf 
unquestionable  that  the  rate  of  increase  of  these  bacteria  is  by  no 
means  equal  to  that  of  many  other  mieroorganisuis  for  which  pol- 
luted water  at  the  tompeiature  encountered  in  streams  and  lakes 
forms  a  much  more  favorable  medium. 

It  is  thus  clear  that  even  in  infected  waters  the  number  of  tjT)boid 
bacilli  encountered  can  never  be  very  great." 

A  large  number  of  methods  for  the  isolation  of  the  typhoid 
baeiliiis  from  water  have  been  devised.  Most  of  the  media  used 
are  identical  with  thoHc  employed  for  the  isolation  of  these  bacteria 
from  the  stools.  These  media  have  been  discussed  in  the  chapter 
dealing"  with  the  typhoid  baeilluK.  Success  is  rendered  luore  likely 
if  10  c.c.  of  the  water  is  first  planted  into  lactose-bile  in  fermentation 
tubes  holding  40  c.c.  After  forty-eight  hours  at  37.5°  there  will 
be  an  enrichment  of  typhoid  bacilli  which  can  be  then  isolated  by 
plating  in  the  usual  manner  on  Endo's  medium,  Conradi  Drigidski  or 
any  of  the  other  usual  differential  media. 

A  method  which  has  proved  useful  in  the  hands  of  Adami  and 
Chapin^'  is  one  which  depends  upon  the  phenomenon  of  agglutina- 
tion. They  attempt  to  agglutinate  the  bacilli  out  of  liter  samples; 
of  water  by  adding  powerful  agglutinating  serum. 

Vallet  and  others  have  attempted  to  precipitate  typhoid  bacilli 
out  of  water  by  chemical  means.    To  two  liters  of  water  add  20  c.c. 


1 


^Muuell  and  Futler.  Jour.  Inf.  Dis.,  Suppl.  2,   1908. 

"Laws  and  Awlfrjton,  Rep.  «f  Med.  Officer,  L*ondon  County  Council,  1894. 

^  Adami  and  Chopin,  .Tour.  Med.  Kea.,  xl,  1904. 
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of  a  7.75  per  cent  solution  of  Bodium  l»yposulphite  and  20  e.e.  of  a 
10  per  cent  Bolutioii  of  lead  nitrate.  When  the  precipitate  has  settled. 
the  clear  supernatant  fluid  is  decanted  and  the  precipitate  dissolved 
in  a  saturated  sodium  hj'posulphite  solution.  Thi«  clear  Holution  is 
then  plated.  Willaon^"  has  modified  thin  method  by  adding  to  the 
water  0.5  gm.  of  aluni  to  each  liter.  The  supernatant  fluid  is  removed 
and  the  precipitate  plated. 

The  isolation  of  the  vibrio  of  cholera  is  less  difficult  than  that 
of  H.  typhosus,  primarily  because  of  the  much  greater  numbers  of 
these  microorganisms  discharged  into  sewage.  The  number  of 
cholera  spirilla  in  the  excreta  of  cholera  patienta  is  enormously 
higher  than  is  that  of  B.  tj'phosus  in  the  stools  of  typhoid-fever 
patients.  It  is  not  infrequent,  therefore,  that  the  source  of  a  cholera 
infection  may  be  directly  traced  to  the  water  supply.  Koch,"  the 
discoverer  of  the  cholera  vibrio,  has  indicated  a  method  which  has 
freiiuently  found  successful  application. 

To  100  c.c.  of  tlie  infected  water  are  added  one  per  cent  of 
pepton  and  one  per  cent  of  salt.  This  mixture  is  then  incubated  at 
37.5°  C,  and  after  ten.  fifteen,  and  tM'enly  hours,  specimens  from 
the  upper  layers  are  examined  mieroscopically  and  are  plated.  The 
Bcmn  from  the  surface  of  such  a  medium  may  be  plated  on  the 
starch  agar  of  Stokes  and  Haechtel,'"  on  which  oolonies  of  intestinal 
spirilla  will  appear  pink  and  »q>reading. 

liecause  of  the  great  difficulties  outlined  above  in  isolating  speciflo 
patliogcnic  germs  from  polluted  waters,  bacteriologists  have  at- 
tempted to  form  an  approximate  estimation  of  pollution  by  the 
detection  of  other  microorganisnm  which  form  the  predominating 
flora  of  sewage.  Chief  among  these  is  B,  coli.  The  isolation  and 
luuuerical  estimation  of  B.  coli  in  polluted  water  has  been  for  a 
long  time  one  of  the  criteria  of  pollution.  This  so-called  colon  test, 
however,  should  always  be  approaehed  with  conservatism  and  should 
never  be  earrietl  out  qualitatively  only,  ('areful  quantitative  es- 
timation should  be  made  in  every  case. 

^  B.  coli  in  water  is  by  no  means  always  the  result  of  human  con- 
tamination, since  this  bacillus  is  found  in  great,  abundance  in  the 


'•  KilUon,  Jour,  of  Hyg.,  v.  1905. 
-     ^^KocK  'J^oil-  f.  Hyg.,  xiv,  1893. 

'•Stokes  and  Haechtel,  see  Report  1915  A.  P.  H.  A,  on  W«t«T  Analjvii.  The 
medium  ia  an  a^ar  with  5.5  Kranut  agar,  5.0  meat  extract.  lU  Pepton  and  8.5  NaUl 
to  liter  to  which  is  adiJed  lU  grams  of  sohiblf  starck 
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intestines  of  domestic  animals.  According  to  Poujol,  B.  coli  docs 
not  even  always  point  to  fecal  contamination,  since  tliis  author  waa 
able  to  find  the  bacillus  in  the  water  of  a  number  of  wells  where 
no  possible  contamination  of  any  sort  could  be  traced.  Prescott^* 
explains  this,  as  well  as  similar  cases,  by  the  fact  that  orgranisnos 
of  the  colon  group  may  occasionally  be  parasitic  upon  plants. 

The  opinions  of  hygienisls  are  widely  at  variance  as  to  the  value 
of  the  colon  te^t.  While  the  discovery  of  isolated  bacilli  of  the  colon 
group  may  therefore  be  of  little  value,  it  is  nevertlielesK  safe  to 
follow  the  opinion  of  llouston/^  who  states  that  the  discovery  of 
B.  coli  in  considerable  numbers  invariably  points  to  sewage  pollu- 
tion, and  that  the  absolute  absence  of  B.  ooli  is^  as  a  rule,  reliabl 
evidence  of  purity. 

Rosenau  slateN  that  a  Ri'ound  water  Rhould  be  condemned  even 
if  only  a  few  colon  bacilli  are  found,  for,  as  he  put  it,  "these  bacteria 
have  no  business  in  a  soil-filtered  and  properly  j)rotected  well  or 
spring-water."  Surface  watei*s,  however,  may  easily  contain  a  feve 
colon  bacilli  without  necessarily  having  been  exposed  to  contamina- 
tion by  hunian  forces.  The  limit  of  safety,  Rosenau  states,  is  one 
colon  bacillus  per  c.c.  If  more  are  present  the  water  should  be 
regarded  as  suspicious.  If  more  than  10  per  c.c.  are  found  the 
water  must  be  regarded  as  dangrerous  and  unqualifiedly  condemned. 

Presumptive  Colon  Tests. — For  this  purpose,  a  large  numlx;r  of 
methods  have  been  devised.  In  examininp:  sewage  or  other  polluted 
waters  in  which  the  number  of  colon  bacilli  is  comparatively  large, 
the  direet  use  of  lactose  litmus  agar  plates  yields  excellent  results. 
The  method  advised  by  the  American  Public  Health  Association  is 
as  follows : 


"Add  the  quantities  of  water  or  sewa^  to  be  tested  to  fermentation  tnbeft 
holding  at  least  forty  cubic  centimeters  of.  lactose  bile/^  incubate  at  37°  C 
and  note  the  production  of  gas.  The  standurd  time  for  observing  gas  produo- 
tion  is  forty-eight  hoiire.  Small  numh^rrs  of  somewhat  attenuatod  B,  eoB 
may  require  three  days  to  form  gas.  Attenuated  B  coli  does  not  represent 
recent  contamination  and  all  B.  coli  not  attenuated  g^rows  readily  in  lactose 
bile.  No  other  or^nism  except  B.  Welehii  gives  snch  a  test  in  lactose  bile. 
B.  Welehii  is  of  rather  rare  occurrence  in  water,  is  of  fecal  origin,  ia  almost 
invariably  accompanied  by  B.  coli,  and  the  sanitary  significance  is  the  same. 


»'Pr«rorf,  Bcionce.  xv,  1903. 

*'Hou8fott.  Bep.  Medical  Officer.  Local  Gov.  Board,  Loodon,  lOUO. 

'Preacott,  Science,  xvi.   1902. 
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"A  comparison  of  the  positive  results  obtained  in  the  varions  dilutions 
of  the  water  or  sewage  planted  into  the  lactose  bile  gives  a  good  idea  of 
the  relative  amount  of  contamination  in  the  various  samples  examined. 

"Quantities  of  Water  Tested. — ^For  ordinary  waters,  0.1,  1,0  and  10.0  c.c. 
shall  be  used  for  the  colon  test.  For  sewage  and  highly  polluted  surface 
waters,  smaller  quantities  shall  be  nsed;  and  for  ground  waters,  filtered 
waters,  etc.,  the  quantities  shall  be  larger,  if  necessary  to  obtain  positive 
results.  The  quantities  shall  vaiy  preferably  in  the  tenfold  manner  in- 
dicated. Single  tests  with  quantities  which  give  ordinarily  a  positive  result 
or  ordinarily  a  negative  result  are  in  themselves  of  but  little  account  for 
quantitative  determinations.  The  range  in  quantities  studied  shall  be  sufficient 
to  allow  the  quantities  needed  for  both  a  positive  and  a  negative  result  to 
be  recorded  for  each  aampk.  When  this  is  done,  the  results  of  several  testa 
allow  an  approximate  estimate  of  the  number  of  B.  coli  per  cc." 

The  identification  of  colon  bacilli  bo  obtained  should  then  be 
undertaken.  The  following  table,  again  taken  from  the  report  of 
the  A.  F.  H.  A.,  will  be  of  help: 
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INDUaTRIES 

BACTERIA    IN   MILK 


The  universal  use  of  cows'  milk  as  a  food,  especially  for  the 
nuuriHlitnc'iLt  of  infants,  iias  necessitated  its  close  study  by  bac- 
tenologists  and  hygienists.  It  furnishes  an  excellent  culture  mediiun 
for  bacteria  and  is,  therefore,  pre-eminently  fitted  to  convey  the 
germs  of  infectious  disease.  The  many  changes  which  lake  place 
in  milk,  furtliermore,  and  which  add  or  detract  from  its  nutritive 
value,  are  due  largely  to  bacterial  growth  and  have  been  elucidated 
by  bacteriological  methods.  nl 

Witliin  the  udder  of  the  healthy  cow,  milk  is  sterile.  If  pyogenic 
or  systemic  diseases  of  bacterial  origin  exist  in  the  cow,  the  milk 
may,  under  certain  circumstances,  be  infected  even  within  the  mam- 
mary glands.  In  the  milk  ducts  and  in  the  teats,  however,  even 
in  porfeetly  healthy  animals,  a  certain  number  of  bacteria  may  bo 
found.  For  this  reason,  even  when  all  precautionary  meosures  are 
followed,  the  milk  as  received  in  the  pail  is  usually  contaminated. 
As  a  matter  of  fact,  the  anatomical  location  of  the  udder  and  the 
mechanical  difRculties  of  milking  make  it  practically  impossible  to 
collect  milk  under  absolutely  aseptic  conditions,  and,  under  t>ie  best 
circumstaiicus,  from  100  to  500  microorganisms  per  c.c.  may  usually 
be  found  in  freshly  taken  milk.  Withdrawn  under  conditions  of 
ordinary  cleanliness,  the  bacterial  contents  of  milk  are  considerably 
higher  than  this.  After  the  process  of  milking,  in  spite  of  all  prac- 
ticable preeiiutiona,  the  chances  for  the  contamination  of  milk  are 
considerable;  but  even  could  these  be  eliminated,  the  bacterial  con- 
tents of  a  given  sample  would  ultimately  rapidly  increase  because 
of  the  rich  culture  medium  which  the  milk  provides  for  bacteria. 
"Whether  large  increases  shall  take  plaeo  or  not  depends,  in  the 
first  place,  ujKfn  the  temperature  at  which  milk  is  kept,  and,  in 
the  second  place,  upon  the  length  of  time  which  intervenes  before 
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its  consumption.  Though  fresh  milk  possesses  slight  bactericidal 
powers,^  these  arc  by  no  means  sufficient  to  be  of  practical  im- 
portance in  the  inhibition  of  bacterial  growth.  Kept  at  or  about 
freezing-point,  the  bacterial  contents  of  milk  do  not  appreciably 
increase.  At  higher  temperatures,  however,  a  rapid  propagation  of 
bacteria  takes  place  which,  especially  during  the  summer  months, 
speedily  leads  to  enormous  numbers.  In  a  case  reported  by  Park,* 
where  milk,  containing  at  tlie  first  examination  30,000  microorgan- 
isms per  cubic  centimeter,  was  kept  at  30**  C,  (86°  P.)  for  twenty- 
four  houi*8,  the  count  at  the  end  of  this  time  yielded  fourteen 
billions  of  bacteria  for  the  same  quantity. 

It  is  of  much  importance,  therefore,  that  the  cleanliness  of  dairies, 
of  cattle,  and  in  the  handling  of  milk  should  be  reinforced  by  the 
utmost  care  in  chilling  and  icing  during  shipment  and  before  sale. 

Because  of  its  great  importance,  especially  for  the  health  of  the 
children  in  large  cities  during  the  summer  months,  the  milk  question 
has,  of  recent  years,  received  much  attention  from  health  officers. 
In  the  city  of  New  York,  the  question  has  been  made  the  subject 
of  many  careful  studies  by  Park*  and  his  associates.  Commissions, 
working  in- Chicago,*  Hoston,'  and  other  large  towns,  have  placed 
the  sale  of  milk  under  more  or  less  exact  bacteriological  supervision. 
Park  has  determined  that  the  milk,  as  sold  in  New  York  stores 
during  the  cold  weather,  not  infrequently  averages  seven  hundred 
and  fifty  thousand  bacteria  per  cubic  centimeter;  during  the  hot 
summer  months,  the  bacterial  contents  of  similar  milk  not  infre- 
quently average  one  million  and  more,  for  the  same  qiiantity."  In 
consequence  of  these  and  other  researches,  large  dairies  have  intro- 
duced bacteriological  precautions  into  their  method  of  milk  produc- 
tion. They  Imve  attempted  the  reduction  of  the  bacterial  contents 
of  milk  by  scrupulous  cleanliness  of  the  barns  and  of  the  udders 
and  teats  of  the  cow,  by  the  elimination  of  diseased  cattle,  by 
sterilization  of  the  vessels  in  wliich  the  milk  is  received,  and  of  the 
hands  of  the  milker;  also  by  the  immediate  filtering  and  cooling 
of  the  milk  and  the  packing  of  the  milk  cans  in  ice,  where  they 


*Boaenau  and  McCoy,  Jour.  Mod.  Res.,  18,  190S. 

•Part,  W.  U.,  "Pathogenic  Bacteria/'  New  York,  1905,  p,  i63. 

'Pnrfr,  Jour,  of  Hvgieae,  1,  1901. 

*  Jordan  and  Heincmann,  Rep.  of  the  Civic  Federation  of  Chicago,  190i« 

•Sedffickii  and  Batchehhr,  Bosl.  Med.  and  8urg.  Jour.,  126,  1892. 

*K$cherich,  Fort.  d.  Mediiin,  16  and  17,  1885. 
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remain  until  delivered  to  the  consomer.  In  consequence  of  sudi 
measures,  it  is  possible  for  cities  to  be  supplied  with  milk  containing 
no  more,  and  often  less,  than  fifty  thousand  bacteria  to  the  cubic 
centimeter.  A  standard  of  cleanliness  has  been  established  in  various 
towns  by  the  introduction  of  the  so-called  "certified  milk,"  which, 
by  the  New  York  Milk  Commission,  is  required  to  contain  no  more 
than  thirty  thousand  bacteria  per  cubic  centimeter.  Great  stress 
is  laid  upon  such  numerical  counts  simply  in  that  they  are  ap- 
proximate estimates  of  cleanliness.  Most  of  the  bacteria,  however, 
contained  in  milk  are  non-pathogenic,  and  nxunbers  much  larger 
than  the  maximum  required  for  certified  milk  may  be  present  with- 
out actual  disease  or  harm  following  its  consumption. 

The  various  species  of  bacteria  which  may  be  found  in  milk 
include  almost  all  known  varieties.  Whether  there  are  special, 
so-called  milk  bacteria  or  not  is  a  question  about  which  investigators 
have  expressed  widely  differing  opinions.  It  is  probable  that  many 
of  the  8i>ecies,  formerly  regarded  as  specifically  belonging  to  milk, 
are  there  simply  by  virtue  of  their  inhabitual  presence  in  fodder, 
straw,  or  bedding,  or  upon  cattle.  It  is  likely,  furthermore,  that 
some  of  these  species  are  found  with  great  regularity  because  of  their 
power  to  outgrow  other  species  under  the  cultural  conditions  offered 
them  in  milk. 

Under  normal  conditions,  milk  always  undergoes  a  process  which 
is  popularly  known  as  souring  and  curdling.  This  is  due  to  the 
formation  of  lactic  acid  from  the  milk  sugar  and  is  the  result  of 
the  enzymatic  activities  of  several  varieties  of  bacteria  conunonly 
found  in  milk.  Most  common  among  these  bacteria  is  the  so-called 
Bacillus  lactis  aerogenes,  an  encapsulated  bacillus  closely  related 
to  the  colon-bacillus  group.  (See  page  637.)  The  transformation 
of  the  lactose  into  lactic  acid  may  occur  either  directly  by  hydrolytic 
cleavage : 

On  HaOu  +  Hd0  =  4G|H,0b; 

or  indirectly  through  a  monosaccharid, 

CuH«|Ou-i-H,O  =  2  0«HuO.  =  4  0,H«Ob. 

Other  microorganisms  which  may  cause  lactic-acid  fermentation  in 
milk  are  the  so-called  Streptococcus  lacticus,  the  common  pyogenic 
streptococcus,  the  Staphylococcus  aureus,  Bacillus  eoli  communis  an*' 
communior,  and  many  other  species.    Most  commonly  concerned  i 
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lactic-acid  production,  however,  according  to  Ileineinann/  are  the 
two  first-mentioned,  Bacillus  lactis  aeroRencs  and  Slreptoooccus 
lacticus.  The  secret  of  the  regularity  with  which  some  of  these 
bai'tcria  arc  present  in  suur  tnilk  is  prol>ably  found  in  the  ability 
of  these  varieties  to  withstand  a  much  higher  degree  of  acidity 
of  the  culture  medium  than  other  species.  In  consequence,  tliey  are 
able  to  persist  and  develop  when  cultural  conditions  are  absolutely 
unsuited  to  other  bacteria. 

Conaeqnent  upon  acidification  of  the  railk  by  lactic-acid  forma- 
tion, there  is  coagulation  of  casein.  Casein  precipitation,  however, 
may  also  be  due  to  a  non-acid  coagniatinn  caused  by  a  bacterial 
ferment.  Casein  precipitated  in  tliis  way  may  be  redisiwlved  by 
a  bacterial  trj'psin  or  easease.  produced  by  the  same  or  other  bac- 
teria, the  milk  again  becoming  entirely  liquid,  transparent,  and  of 
a  yellowish  color.  The  casein  precipitated  by  lactic-acid  formation, 
however,  is  never  thus  redissolved.  because  the  high  acidity  does 
not  permit  the  proteolytic  ferments  to  act." 

Butyric-acid  fermentation  in  milk,  a  common  phenomenon,  is  also 
an  evidence  of  bacterial  growth.  As  a  rule,  it  is  produced  by  the 
anaerobic  bacteria,  and  is  a  process  developing  much  more  slowly 
than  other  fermentations.  A  large  number  of  bacteria  have  been 
described  which  are  capable  of  producing  .such  changes,  the  chemical 
process  by  which  they  are  produced  being,  as  yet,  not  entirely 
understood.  It  is  probable  that  the  process  takes  place  after  hydrol- 
ysis of  the  dissaceharid  somewhat  according  to  the  following 
formula : 

0inuO«=:C*H,O,-fSO0,  +  3H,- 


Special  bacteria  have  been  described  in  connection  with  this  form 
of  milk  fermentation,''  most  of  them  non-pathogenic.  It  is  unqoea- 
tionable,  however,  that  many  of  the  well-known  pathoRenic  bacteria, 
such  as  Bacillus  acrogenes  capsulatus,  Bacillus  cedematis  nialigni, 
possess  the  power  of  similar  butyrie-acid  formation.  Wliile  leaa 
commonly  observed  in  milk,  because  milk  is  rarely  kept  long  enough 
to  permit  of  the  action  or  development  of  these  enzymes,  the  butyric- 
acid  fermentation  is  of  importance  in  connection  with  butter,  where 
it  is  one  of  the  causes  producing  rancidity. 


'  Hdnemnnn^  Jour,  of  Inf.  Dl».,  3,  1906. 

•Conn.  Exprr,  Stat.  Rep.,  1892. 

* Schatienfroh  und  Gnuberger,  Arfh.  f.  Hyp.,  37.  1900. 
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Alcoholic  fermentation  may  take  place  in  milk  as  a  result  of 
the  activities  of  certain  ycBKts.  Upon  the  uccun*ence  of  such  fer- 
mentations depends  the  production  of  keiyr,  koumys,  and  other 
b<*vcraf?cs  which  have  hecn  in  common  use  for  many  years,  especially 
in  the  region  of  the  Caucasus.  The  cJmracteristic  quality  of  these 
beverages  is  contributed  by  the  feeble  alcoholic  fermentation  pro- 
duced by  membci*s  of  the  saccharomyces  group,  but  side  by  side 
with  this  process  lactic-acid  formation  also  takes  place.  Beijcrinck,'** 
who  has  carefully  studied  the  so-called  kefyr  seeds,  used  for  the 
production  of  kefyr  in  tlic  Ea«t,  has  isolated  from  them  a  form  of 
yeast  similar  in  many  respects  to  the  ordinary  beer  yeast,  and  a 
large  bacillus  to  which  he  attributes  the  lactic-acid  formation. 

Occasional  but  uncommon  changes  which  occur  in  milk  load  to 
tlie  formation  of  the  so-called  "slimy  milk,"  yellow  and  green  luilk, 
and  bitter  milk.  These  may  be  due  to  a  niiml>er  of  bacteria.  A 
micrtiorganism  which  is  commonly  found  in  connection  with  tbe 
slimy  cliauges  in  milk  is  the  so-called  liaeillus  lactis  \-i5cosus.  Ac- 
cording to  the  researches  of  Ward,'*  this  nu<*nmrgunism  is  frequently 
derived  from  water  and  it  is  the  water  supply  wliich  should  attract 
Attention  whenever  such  trouble  occurs  in  dairies. 

The  so-called  blue,  gi-een,  and  yellow  changes  are  usually  due  to 
chromogenic  baelcria.  such  as  Bacillus  cyanogenes.  Bacillus  prodigio- 
sus,  and  others. 

*' Bitter  milk,'*  a  condition  which  has  occasionally  been  observed 
epidemically,  is  also  the  consequence  of  the  growth  of  mieroorgan- 
isms.  Conn/*  in  1891.  isolated  from  a  specimen  of  bitter  cream  a 
diplococens  which  occHHionally  forms  chains  and  which  in  sterilized 
milk  develops  rapidly,  producing  an  extremely  bitter  taste.  The 
organism  of  Conn  differs  from  a  similar  diplococens  described  by 
"Wagraann^^  in  that  it  possesses  the  ability  of  producing  butyric  acid. 

BIQlk  in  Relation  to  Infectioua  Disease — ^^Vs  a  source  of  direct 
infection,  milk  is  second  only  to  water,  and  deserves  close  hygienic 
attention.  A  large  number  of  infectious  diseases  have  been  traced 
to  milk,  although  the  actual  proof  of  the  etiological  part  played 
by  it  in  such  eases  has  often  been  difficult  to  adduce  and  has  neces- 
sarily been  indirect.     Nevertlieless.  even  when  indirect  proof  only 


■ 


^Beijerinck,  Cent.  f.  Bakt.,  iri,  lSfl9. 

'»  Ward.  Buli.  165,  Cornell  Univ.  Agri.  Exp".  Slat.,  1S99. 

^'CoHti,  Cent,  f.  Biikl.,  uc,  ISfll, 

"irflymu/t",  Milchztg.,  JSftO. 
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has  been  brought,  it  has  been  sufficiently  convincing  to  nocessiLate 
the  most  careful  investigation  into  milk  supplies  whenever  epidcmicv 
of  certain  infectious  maladies  occur. 

Typhoid-fever  epidemics  have  been  li'equently  traced  to  milk 
infection,  and,  in  this  disease,  milk  is,  next  to  water,  the  most 
frequent  etiological  factor.  Schiider,"  in  an  analysis  of  six  hundred 
and  fifty  typhoid  epidemics,  found  four  hundred  and  sixty-tiro 
attributi'd  to  wattT,  one  hundred  and  ten  to  milk,  and  scventy-inght 
to  all  other  causes. 

Trask*^  compiled  statistics  of  oiw  hundred  and  seventy-nine 
typhoid  epidemics  supposed  to  have  been  caused  by  milk,  in  various 
parts  of  the  world.  In  all  such  epidemics  the  origin  of  infection  was 
generally  traceable  to  diseased  or  convalescent  persons  employed  in 
dairies,  to  contaminated  well  water  used  in  washing  milk  utensils, 
or  to  the  use  of  cans  and  Iwttlea  returned  from  dwellings  where 
typhoid  fever  had  existed.  Actual  bacteriological  proof  of  the  in- 
fectiousness of  milk  by  the  isolation  of  Hnrilhis  typhosus  is  rare» 
but  has  been  accomplished  in  isolated  instances.  In  the  case  of 
one  epidemic,  Conradi'**  isolated  the  bacillus  from  the  milk  on  sale 
at  a  bakery  at  which  a  large  number  of  the  infected  individuals  had 
purchased  their  milk.  The  examination  of  market  milk  at  Chicago, 
through  a  period  of  eight  years,  revealed  the  presence  of  typhoid 
bacilli  but  three  times. 

^'  In  spite  of  the  few  cases  in  which  actual  bacteriological  proof 
has  been  brought,  it  is  not  unlikely  that  careful  and  systematic 
researches  would  reveal  a  far  greater  number,  since  many  writers 
have  shown  that  tj'phoid  bacilli  may  remain  alive  in  raw  milk  for 
as  long  as  tliirty  days,"  and  may  actively  proliferate  in  the  milk 
during  this  time.  One  peculiarity  of  epidemics  which  may  aid  in 
arousing  the  suspicion  that  they  have  originated  in  milk  is  that, 
in  such  cases,  women  and  children  are  far  more  frequently  attacked 
than  men." 

''  A  feature  which  adds  considerably  to  the  dangers  of  milk  infec* 
tion  is  the  unfortunate  absence  of  any  gross  changes,  such  as  coagula- 
tion, by  the  growth  of  typhoid  bacilli. 


**ScMder,  Zeit.  f.  Hvg.,  xxxviii,  1901. 

■•  Tr<uk,  Bull.  Ko.  -11.  V,  8.  Pub.  Heallh  and  Mar.  Hoep.  Serv,»  Waeh. 

^Conradi,  Cent.  f.  Bokt.,  T,  xl,  1906 

'^  Beim,  Arli.  a.  d.  kais.  Gesundbcitaamt,  v. 

"  WHek^nt,  Zeit.  f.  Hyg.,  xxvii,  1898. 
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Scarlet  fever,"  though  as  yet  nf  unknown  etiology,  has  in  many 
cases  been  traced  indirectly  to  milk  infection.  Trask  has  collected 
fiity-one  epidemics  of  scarlet  fever  presumably  due  to  milk.  In  one 
epidemic  occurring  in  Xorwalk,  Conn.."  twenty-nine  eases  were 
distnbutea  among  twenty-five  families  living  in  twenty-four  diiTerent 
houses.  The  individuals  affected  did  not  attend  the  same  scliool^ 
and  were  of  entirely  different  social  standing,  the  only  factor  com- 
mon to  all  of  them  being  the  milk  supply. 

Diphtheria  has  been  frequently  traced  to  the  use  of  infected  milk. 
In  most  of  the  epidemics  reported  as  originating  in  this  way,  the 
proof  has  been  necessarily  indirect.  In  two  out  of  twenty-three 
epidemics  reported  by  Trask,  however,  Bacillus  diphthcriae  was 
isolated  from  the  milk  directly.  The  ability  of  the  Klebs-Lioeffler 
bacillus  to  proliferate  and  remain  alive  for  a  long  while  in  raw 
milk  has  been  demonstrated  by  Kyrc-*  and  others. 

Whether  or  not  cholera  asiatica  may  be  transmitted  by  means  of 
milk  has  been  a  disputed  question.  Hosse"  claims  that  eholera 
spirilla  die  out  in  raw  milk  within  twelve  hours.  This  statement, 
however,  has  not  been  borne  out  by  other  obsrrvers."  Unquestion- 
able  cases  of  direct  transmission  of  cholern  by  means  of  milk  have 
been  reported  by  a  number  of  writers,  notably  by  Simpson.** 

The  relation  of  milk  to  the  diarrheal  diseases  of  infants  has,  of 
late  years,  received  a  gi'eat  deal  r»f  attention.  In  large  cities,  during 
the  summer  months,  numerous  cases  of  infantile  diarrhea  among 
bottle-fed  babies  occur,  which,  in  many  instances,  are  attributed  to 
feeding  with  contaminated  milk.  Park  and  Holt,'"  who  have  made 
extensive  researches  upon  this  question  in  New  York  City,  have 
come  to  the  conclusion  that  the  harmful  effects  of  contaminated  milk 
upon  babies  can  not  b*  ascribed  to  any  given  single  microorganism 
in  the  milk.  Specifically  toxic  properties  were  found  by  these  writers 
for  none  of  the  one  hundred  and  thirty-nine  different  species  of 
bacteria  isolated  from  unsterilized  milk.  It  is  unlikely,  therefore, 
that  the  diarrheal  diseases  among  babies  have  a  uniform  bacteriolog- 


»•  Trask,  loc.  cit. 

'^Herbert  E.  SmitK  Rep.  Conn.  Stale  Bd.  of  Health,  1897. 

"  Eyre,  Brit.  Med.  Jour.,  1899. 

^  Beaae,  Zeit.  f.  Hyg.,  xv'u,  1894. 

"  Baaenau,  Arch.  f.  Hyg.,  xxiii,  1895. 

"  .*rfmp.ioji,  Indian  Med.  Oaz.,  1887. 

»  Park  and  Holt,  Arch,  of  Ped.,  Dec.,  1903. 
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ieal  cause.  Whether  or  not  thcvsf  diarriieai  condiliona  depend  en- 
tirely upon  the  baeterial  conteiitH  of  milk  or,  in  a  larjfe  number 
of  <'«st's  at.  h'list,  uprm  the  inability  of  the  child  to  digest  cow's  milk 
berause  of  ehciuieal  eouditious,  must  bo  left  undecided.  Park  and 
Holt,  in  analyzing  their  extensive  data,  conclude  that  milk  con- 
taining *'over  one  million  buetena  to  the  cubic  centimeter  is  cer- 
tainly harmful  to  the  average  infant.'* 

The  significance  of  the  presence  of  streptococci  in  nulk.  as 
element  of  danger,   has  recently  received  much  attention  in    the 
literature.     Heiiicmann.'"  who  has  made  a  careful  comparison   of 
Streptococcus  lacticus  (formerly  spoUcn  of  as  Bacillus  acidi  lactici 
[Krusel]),  with  other  streptococci,  has  shown  that,  essentially^  this 
streptococcus  does  not  differ  from  streptococci  from  other  sources, 
and  is  praelically  indistinguishable  by  eullnral  methods  from  Strep- 
tococcus pyogenes.     Similar  comparisons  made  by  Schottmnller,'^ 
Miiller,"*  and  others  have  led  to  like  results.    Since  streptococci  may^J 
be  found  in  milk  from  perfectly  normal  cows  and  are  alhiost  regularly^^ 
associated  with  lactic-aeid  fermentation,  it  is  unlikely  that  these 
microorganisms  hold  ordinarily  any  specific  relationship  to  disease. 

Recently,  however,  a  nimiber  of  epidemics  of  sore  throat  caused 
by  streptococci  have  been  traced  to  milk  upon  reasonably  reliable 
evidence.  Accounts  of  such  epidemics  in  Chicago  and  in  Baltimore 
have  been  published  by  ('apps  and  Miller'^'*  and  by  Hamburger.^*' 

The  presence  of  pus  cells  and  leucocytes  in  milk,  together  vritb 
streptococci,  was  also  formerly  regarded  as  of  gi'cat  importance. 
Enumerations  of  leucocytes  in  milk  were  first  made  by  Stokes  and 
Weggefarth.**  Their  method  of  enumeration  consisted  in  centri- 
fugali/.ing  a  definite  volume  of  milk,  spreading  the  entire  sediment 
over  a  definite  area  on  a  slide,  and  counting  the  leucocytes  fou]jid 
in  a  number  of  fields.  < 'aleulations  from  this  may  then  be  made 
as  to  the  number  of  leucocytes  per  cubic  centimeter.  This  method, 
and  modifications  of  it.  have  been  used  by  a  large  niunber  of 
observers,  but  the  value  of  the  conclusions  drawn  from  them  haa 
been  much  exaggerated.     Normal  milk  may  contain  leucocytes  in 

^Heinemann,  Jour.  Inf.  Dis.,  3,  1906. 
^  SchotlmutUr,  Munch,  med.  Woeh.,  19()3. 
»MiiUcr,  Arch.  f.  Hyg..  Ivi,  1906. 

^Cappa  and  MtUrr,  Jnwr.  A.  M.  A.,  June,  1tH2.  p.   1848. 
^  Hamburgrr,  Bull,  of  the  Johnit  liopk.  HoRp.,  xxiv,  Jan.,   1913, 
•  Htcirs  and  Wefiuefarih,  Metl.  N»wi^  OT,  lfi97.  a«  *im1» 
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moderate  numbers,  and  importance  may  be  attached  to  such  leu- 
cocyte counts  ouly  when  their  number  largely  exceeds  that  prewent 
in  other  specimens  of  perfectly  normal  milk.  Whenever  such  high 
leucocyte  counts  are  foiuid,  of  course,  a  careful  veterinary  inspection 
and  examination  for  pyogenic  disease  sliould  be  made. 

Foot-and-mouth  disease,  an  infectious  condition  prevailing  among 
cattle,  cliaractcrized  by  a  vesieulur  rash  on  tlie  mouth  and  about  tlie 
hoofs,  has,  in  a  number  of  cases,  been  definitely  shown  to  be  trans- 
mitted to  man  through  the  agency  of  milk.  Notter  and  Firth" 
reported  an  epidemic  occurring  amoni;  persons  supplied  with  milk 
from  a  single  dairy  in  whieh  foot-and-mouth  disease  prevailed  among 
the  cows.  In  tliis  epidemic,  two  hundred  and  five  individuals  were 
afTected  with  vesieular  eruptions  of  tlie  throat,  with  tonsillitis  and 
swellings  of  the  cer^ncal  lymph  nodes.  Similar  cases  have  been 
reported  by  Pott."* 

Although  anthrax  has  never  been  definitely  shown  to  havt;  been 
conveyed  by  milk,  Boschetti^*  suceeeded  in  isolating  living  anthrax 
bacilli  from  a  sample  of  milk  two  weeks  after  its  withdrawal  from 
the  cow. 

Milk  and  Tuberculosna. — The  question  of  the  conveyance  of  tuber- 
culosis by  means  of  milk  is  a  subject  which,  because  of  its  great 
importance,  has  b<*en  extensively  investigated  by  l)ucteriologista.  A 
large  number  of  observers  have  succeeded  in  proving  the  presence 
of  tubercle  bacilli  in  Xhr  milk  of  tuberculous  cows  by  iittrapcritoneal 
inoculation  of  rabbits  and  guinea-pigs  with  .samples  uf  milk.  Such 
positive  results  have  been  obtained  by  Bang,^"  Ilirsehberger," 
Krnst/'  and  many  otliers.  A  number  of  these  observers,  notably 
Krnst,  have  shown  that  tubercle  bacilli  may  be  present  in  the  milk 
without  tuberculous  disease  of  the  uddei*s.  In  an  examination  of 
the  milk  supply  of  Washington,  D.  C,"  6.72  per  cent  of  the  samples 
contained  tubercle  bacilli.  ■> 

The  path  of  entrance  of  the  bacilli  from  the  cow  into  the  milk 


"  Notter    and    Firth^    qiiotpri    from    Harrington.    • '  Tbwiry    and    I*ractice    of 
Sy^ene. '  * 

"Pott,  Munch.  Hied.  Woch.,  isytf. 
**  rtofn-hcHi,  Oiorn.  med.  vet.,  ISiU. 
^Hoiuj,  iH'iit.  Zeil.  f.  Tinrthnin.,  xi.  1S84. 
^  fHrHchbcrffe,;  7)out.  Arrh.  f.  klin.  Mrd.,  xliv,  1S89. 
,,."^ntj((,  U.  C,  Anier.  Jour.  M<'d.  H<i..  xcviil,  1890. 

"  JridrranH,  BuJl.  Nu.  41,  C.  S.  Pub.  Ueulth  oiul  Mar.  Jltwi).  «fcrv.,  Wuli^  ? 
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has  long  bt^en  a  subject  of  controversy.  That  the  bacilli  may  easily 
enter  the  milk,  when  tuberculous  disease  of  the  udder  is  present, 
stands  to  reason  and  is  universally  conceded.  It  is  now  believed 
also,  ou  the  basis  of  much  experimentation,  that  in  systeniically 
infected  cow*  tubercle  bacilli  may  pass  through  the  mammary  glands 
into  the  milk,  without  evidenee  of  local  disease  in  the  seereting 
gland.  Ail  rxperiment  performed  by  the  Royal  British  Tu1)creulosia 
Commission"  illustrates  this  point.  A  cow,  injected  sul)cutaneously 
with  tubi'ri'k'  baoilli  l)fliiiid  the  shoulder,  began  to  discharge  tubercle 
bacilli  in  the  milk  within  seven  days  after  inoculation  and  continued 
to  do  so  until  death  from  generalized  tul>ereulosis. 

Milk  may  become  indirectly  eontauiinated,  furthermore,  Tvith 
tubercle  hacilli  emunating  from  the  feces  of  cows.  It  has  been 
shown  that  tubercle  bacilli  arc  present  in  the  feces  of  cattle  so  early 
in  the  disease  that  diagnosis  can  be  made  only  by  a  tuberculin 
tcat.*« 

Whether  or  not  contaminated  milk  is  common  as  an  etiological 
factor  in  human  tuberculosis,  must  Ik*  considenHl  at  present  as  an 
luiscttled  question.  Bchring,  at  the  Congress  of  Veterinary  Medicine, 
at  Cassel,  in  1903,  advanced  the  view  that  pulmonary  tuberculosis 
in  adults  may  be  a  late  manifestation  of  a  milk  infection  contracted 
during  infancy.  Ho  stated  as  his  own  opinion,  moreover,  that  most 
cases  of  tuberculosis  in  man  are  traerabh*  to  this  ongin.  The  problem 
is  as  difficult  of  solution  as  it  is  important.  In  bottle-ted  infants, 
infection  by  means  of  milk  unquestionably  oeeurs  with  considerable 
frequeney.  Smith.**  Kossel,  AVober,  and  Huoss,"  and  othei's,  have 
isolated  tubercle  bacilli  of  the  bovine  type  from  the  mesenterie 
lymph  nodes  of  many  infected  children.  Animal  experimentation 
has,  furthermore,  revealed  that  lesions  in  the  mesenteric  nodes, 
as  well  as  later  in  the  bronchial  lymph  nodes,  may  occur  as  a 
consequence  of  feeding  tubercle  bacilli,  without  any  demonstrable 
lesions  in  the  intestinal  mucosa.  It  is  thas  certain  that  infection 
by  the  ingestion  of  tulKrculous  milk  may  occur,  especially  among 
youtig  children  who,  as  is  well-known,  are  comparatively  siu>ceptible 
to  bacilli  of  the  bovine  type.     Whether  or  not  such  infection  will 

■Quoted  from  3/oA/cr,  P.  H..  and  Mar.  Hosj).  Serv.  Bull.  41,  1908. 
"  Schrofdrr  untl  Cotton,  Bull.  Bureau  Animul  Induatry.  Wash.,  1907, 
"  Smith,  Trans.  Aiwn.  Amor.  Physic,  18,  1903. 

*'  Koasfl,  irrbrr.  ami  Hues*,  Tuberkul.  Arb.  a.  d.  kaie.  Gesuudhcitsaintr  1904, 
190a,  Eft.  1  and  3. 
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account  for  many  cases  of  tuberculosis  In  adults  is  a  question  which, 
for  final  solution,  will  i*equire  much  more  investigation.  The  sole 
reliable  method  of  approaching  it  lies  in  determining  the  type, 
humian  or  bovine,  of  the  bacilli  present  in  a  large  number  of  cases. 
Experience  thus  far  seems  to  indicate  that  the  bovine  type  is  com- 
paratively rare  in  the  pulmonary  disease  of  adults. 

The  value  of  the  tulwrculin  reaction  for  diagnosis,  and  the 
elimination  of  all  cattle  sho^^'ing  a  positive  reaction,  for  the  preven- 
tion of  tuberculosis,  can  not  be  ov«;restimated.  The  failure  of  the 
test  in  diseased  animals  is  rare,  and  an  accurate  diagnosis  can  be 
established  in  over  90  per  cent  of  diseased  animals."  The  assertion 
that  the  cattle  are  permanently  injured  by  tuberculin  injections  is 
without  scientific  basis.  If  this  test  were  conscientiously  carried 
out,  and  infected  cattle  condemned,  the  dangers  from  bovine  bacitlns 
infection  would  be  practically  eliminated,  for  there  are  but  few 
instances  in  which  science  has  been  able  to  furnish  such  definite 
information  for  absolute  protection.  It  is  needless  to  say,  however, 
that  the  carrying  out  of  such  precautions  is  subject  to  great  expense 
and  gr(!at  difficulties  of  organization. 

Dairy  inspection  is  practiced  in  the  vicinity  of  many  of  our  larger 
cities,  and  the  movement  is  daily  gaining  ground.  Until  fully  estali- 
lishedf  however,  upon  a  financial  basis  which  brings  the  best  products 
within  the  means  of  the  poorer  classes,  other  inexpensive  measures 
to  render  milk  safe  must  often  be  resorted  to. 

Sterilization  by  high  temperatures  is  objected  to  by  pediatricians 
because  of  the  physical  and  chemical  changes  produced  in  the  milk 
which  are  said  to  detract  from  its  nutriti\*e  value. 

The  development  of  scurvy  and  rickets  in  infants  has  often  been 
attributed  to  the  use  of  such  milk.  Thi^e  objections,  however,  do 
not  apply  to  the  use  of  milk  which  has  been  subjected  to  the  process 
of  "pasteurization."  By  this  term  is  meant  the  heating  of  any 
substance  to  60°  C.  for  twenty  to  thirty  minutes.  The  process,  first 
devLsed  by  Pasteur  for  the  purpose  of  destroying  germs  in  wine 
and  beer  in  which,  excessive  heating  was  supposed  to  injure  flavor, 
brings  about  tlie  death  of  all  microorganisms  which  do  not  form 
spores — in  other  words,  of  all  the  bacteria  likely  to  be  found  in 
milk  which  can  give  rise  to  infection  per  os.  At  the  same  time  the 
chemical  and  physical  constitution  of  the  milk  is  not  appreciably 


-Mohler,  loc.  dt* 
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t'hangt'd,  at  least  not  to  an  extent  which  renders  it  less  valuable 
as  a  food.  StatLsties  by  Park  and  Holt  have  sliown  strikingly  the 
advantages  of  pasteurized  over  raw  milk  in  infant  feeding.  Of 
fifty-one  children  fed  with  raw  milk  during  the  summer  months, 
tliirty-three  had  diarrhea,  two  died,  and  only  seventeen  remained 
entirely  well.  Of  forty-one  receiving  pasteurized  milk,  hut  ten  had 
diarrhea,  one  died,  and  thirty-one  remained  entirely  well  thronghout 
the  summer.  Tlie  aetiml  diminution  of  the  living  baeterial  contents 
of  milk  by  pasteurization  is  enormoxis,  the  milk  so  treated  often 
containing  not  more  than  one  thtnisand.  usnally  less  than  fifte<™ 
thousand,  living  baeteria  to  each  nnl>ie  centimeter. 

M4^th()(is  of  Esiimating  the  Xumbnr  of  Boctcria  in  MUk. — ^Iri  es- 
timating tlie  number  of  bacteria  in  milk,  colony  counting  in  agar 
or  gelatin  plates  is  resorted  to.  Oroat  care  must  be  exercised  in 
obtaining  the  specimens.  If  taken  from  a  can,  the  contents  of  the 
can  should  be  thoroughly  nuxed,  .since  the  cream  usually  contains 
many  more  bacteria  than  the  rest  of  tlie  niilk.  The  specimen  is  then 
taken  into  a  sterile  test  tube  or  flask.  If  the  milk  is  supplied  in  an 
ordinary  milk  bottle,  this  Hlmuld  be  thomughly  shaken  before  being 
opened,  and  the  specimen  for  examination  taken  out  with  a  sterile 
pipette.  Dilutions  of  the  specimen  can  then  be  made  in  sterile  broth 
or  salt  solution.  If  aii  initial  dilution  of  1 :1()0  is  made,  qnantitien 
ranging  from  1  c.c.  to  0.1  c.c.  of  this  vdW  furnish  0.01  c.c.  to  0.001  e.c. 
of  the  milk,  respectively.  Inoculation  of  properly  cooled  tubes  of 
melted  neutral  agar  and  gelatin,  with  var\ing  quantities  of  these 
dilutions,  are  then  made  and  plates  poured.  After  tAventy-four  to 
forty-eight  hours  at  room  temperature  or  in  the  incubator,  colony 
counting  is  done,  and  the  prop<^r  calculation  is  made.  In  samples 
in  which  few  bacteiia  are  expected,  direct  transference  nf  1/20  or 
1/40  of  a  c.c.  of  the  whole  milk  into  the  agar  may  be  made.  This 
method  saves  time  but  is  less  aeeurnte. 

Direct  Methods  of  Counting  Bacteria. — Direct  methods  of  count- 
ing bacteria  in  milk  have  recently  l>een  advised,  the  one  most 
extensively  tried  being  that  of  Prescott  and  Hreed.  By  this  method 
a  capillary  tube  is  marked  to  measure  accurately  0.01  c.c.  This 
amount  of  the  milk  is  spread  over  a  square  cm.  on  a  microscope  slide. 
It  is  dried  in  the  air  and  fixed  wnth  methyl  alcohol,  after  which  the 
fatty  constituents  can  be  dissolved  with  xylol.  It  can  then  be  stained 
lightly  with  the  Jcnner  stain.  The  bacteria  are  counted  under  an 
oil  immersion  lens,   the  tube  length   and  magnification   being  so 


BACTERLV  IN  iMILK 


1039 


'llrranged  that  the  microscopic  field  covers  1/50  sq.  mm.  A  standard- 
ized eyepiece  iiiicromt'ler  may  be  used.  The  average  iiumbtr  of 
bacteria  found  in  such  fields  may  be  multiplied  by  5,000  to  give 
the  number  of  bacteria  contami?d  in  0.01  c.e.  of  milk.  This  method 
has  not  yet  displaced  the  one  of  plating  and  does  not  promise  to 
do  so  for  some  time. 

For  the  isolation  of  special  pathogenic  bacteria  from  milk,  no 
rules  can  be  laid  down,  since,  in  every  case^  the  method  adapted 
to  the  particular  orgarusm  sought  for  must  be  chosen. 

Tubercle  bacilli  can  be  isolated  from  milk  with  success  only  by 
guinea-pig  injection.  The  milk  is  centrifugalized  and  5  c.c.  of  the 
sediment,  together  with  some  of  the  cream  that  has  risen  to  the  top, 
is  intraperitoneally  or  subcutancously  injected. 

The  control  of  milk  in  the  market  depends  upon  careful  regula- 
tions, which  must  include  care  of  cattle,  dairy  inspection  and  bac- 
teriological control  of  the  delivered  milk.  This  is  a  subject  which 
is  too  extensive  to  touch  upon  in  a  book  of  this  kind.  However, 
a  general  idea  of  the  methods  employed  may  be  obtained  by  studying 
the  accompanying  table,  which  is  taken  from  the  Sew  York  City 
Departmrnt  of  flaiflh  Regulation  fur  the  Sale  of  Mtlh  and  Cream. 

Bacteria  and  Butter — Butter  i.i  made  from  cream  separated  from 
milk  either  by  standing  or  by  centrifugali^tation.  After  this,  the 
cream  is  aj^tated  by  churning,  which  brings  llie  small  fat-globules 
into  mutual  contact,  allows  them  to  adhere  to  each  other  and  form 
clumps  of  butter.  It  has  been  a  matter  of  common  experience,  how- 
ever, that  unless  the  cream  is  allowed  to  "ripen"  for  a  considerable 
period  before  churning,  the  resulting  butter  lacks  the  particular 
quality  of  flavor  wldeh  gives  it  its  market  value.  The  interval  of 
ripening,  at  first  a  necessity  upon  small  farms  where  cream  must 
be  collected  and  allowed  to  accumulate,  has  now  been  recognized 
as  an  essential  for  the  production  of  the  best  grades  of  butter,  and 
it  has  been  shown  that  the  changes  taking  place  in  the  cream  diuing 
this  period  are  referable  to  the  action  of  bacteria.  Cream,  which 
before  the  ripening  process  contains  but  50,000  bacteria  to  each  cubic 
centimeter,  at  the  end  of  a  period  of  ** ripening"  will  often  contain 
many  millions  of  microorganisms.  At  the  same  time,  the  cream 
becomes  thick  and  often  sour. 

The  species  of  bacteria  which  take  part  in  this  process  and  wldeh. 
therefore,  must  determine  to  a  large  extent  the  quality  of  the  ind 
product,  are  various  and,  as  yet,  incompletely  known.    Usually  some 
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AND  CR£AM  WmCH  MAY  BE  80LD  IN  THE  CITY  Of  SEW  VORK  • 

tueteiiftl  eoDUnt  and  tlna  of  ddHrery  ahAU  oot  %i'tAy  bj  sour  ar»m 
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or  milV  or  cream  prrxlueta  eicciM  thr  word  "oTtiSed"  when  aulhoriaed  under  tfae  Sl«i4>  lawa. 
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be  in  ita  aatural  iUte.   txA  having  been  heated  and  wftbout  the  adlitloa  of  eokriug  natter  or  iirearrTatiw. 
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variety  of  laotic-at-id  bacilli  is  present  and  these,  as  in  milk,  outgrow 
other  spcfii's  and,  acfordiiig  to  Conn.*'  are  probably  I'HSvnlinl  for 
"ripening." 

It  would  be  (if  fyroat  prat'lieal  value,  llRTi-fori*,  if  dcbnitc  pure 
culturi's  of  the  baeteria  which  favor  the  produelion  of  agreeable 
flavors  could  be  distributed  among  dairies.  In  Denmark  this  has 
been  attempted  by  first  pasteurizing  the  cream  and  then  adding 
a  culture  of  bacteria  isolated  from  ** favorable'*  cream.  These  cul- 
tures, delivered  to  the  dairyman,  are  planted  in  sterilized  milk,  in 
order  to  increase  their  quantity,  and  this  culture  is  then  poured 
into  the  pasteurized  cream.  In  most  cases,  these  so-called  ** starters" 
are  not  pure  cultures,  but  mixtures  of  three  or  more  species  derived 
from  the  original  cream. 

Adverse  acuidcnls  in  the  course  of  butter-making,  such  as  "sour- 
ing" or  *'bittering"  of  butter,  are  due  to  the  presence  of  con- 
tanunating.  probably  proteolytic,  microorganisms  in  the  cream 
during  the  process  of  ''ripening." 

As  a  means  of  transmitting  infectious  disease,  butter  is  of  im- 
portance only  in  relation  to  tuberculosis.  Oberniiiller,*'  Rabiiio- 
wilch,"  Boyce,*'  and  others,  have  repeatedly  found  tubercle  bacilli 
in  market  butter,  and  Mohler,*-  Washburn,  and  Rogers  have  recently 
shown  that  thest-  bacilli  could  remain  alive  and  virulent  for  as  long 
as  five  months  in  butter  kept  at  refrigerator  temperature.  The 
acid-fast  butter  baeilius,  described  by  Rabinowitch  as  similar  to 
the  true  Bacillus  tuberculosis,  shows  decided  cultural  and  mor- 
phologieal  difTerenees  from  the  latter. 

Bacteria  and  Cheese. — The  convei-sion  of  milk  products  into 
cheese  consists  in  a  process  of  protein  decomposition  which,  by  its 
end  products,  leuein.  tyrosin.  and  aniiiionia  compounds,  largely 
determines  the  cheese-flavors.  The  pro<lur'tion  of  cheese,  therefore, 
is  due  to  the  action  of  proteolytic  bacterial  enzymes*"  and  the  variety 
of  a  cheese  is  largely  determined  by  the  microorganisms  which  are 
present  and  by  the  cultural  conditions  prevailing.    The  sterilizatioa 


*Co7in,  **  Agricultural  Bnctcriology,*'  Phila.,  1901. 

^ObermUner,  Hyg.   Kun.lschau,   14,   1897. 

"^  Rabinowitch,  Zoit.  t.  Hyg.,  xxv'\,   1897. 

«  Boyoe  and  Woo^hrad,  Brit.  Med.  Jour.,  2,  IS^ftT. 

^Mohler,  IT.  8.  P.  H.  and  Mar.  Hosp.  8*»rv.  BuU.  41,  1908. 

*  Frntdrnreich,  Koch'n  Jahrwbericht,  etc.,   135,   1891. 
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of  cream,  or  the  addition  of  anttHpptioH,  uNolutely  proveuls  chooser 
production. 

The  organisms  which  arc  concerned  in  sneh  prwH'sscs  have  been 
extenaively  studied  and  attempts  have  been  made,  with  moderate 
sneeess.  to  produce  a  definite  flavor  with  pure  cultures. 

In  the  production  of  cheese  the  two  varieties,  hard  and  soft 
cheeses,  depend  not  so  much  upon  the  bacteria]  varieties  as  upon 
the  differeuL'ea  in  tlic  treatment  of  the  curds  before  bacterial  action 
has  begim.  In  the  former  case,  a  complete  freeing  of  the  curds  from 
the  whey  furnishes  a  ciilture  medium  which  is  comparatively  dry 
and  of  almost  exclusively  protein  composition;  in  the  latter,  reten- 
tion of  whey  givis  rLse  to  cultural  conditions  in  which  more  rapid 
and  complete  bacterial  action  may  take  place.  The  holes,  which 
are  so  often  observed  in  some  of  the  hard  cheeses,  are  due  to  gas 
production  during  tlie  process  of  "ripening." 

As  to  the  varieties  of  mieroorganisias  present  in  various  cheeses, 
much  careful  work  has  been  done.  Duclaux^''  attributed  the  '*  ripen- 
ing" of  some  of  the  soft  cheeses  to  a  microorganism  closely  related 
to  Bacillus  subtilis.  V.  Fn-udenrcidi'^^  in  part  substantiated  this, 
but  laid  particular  stress  upon  the  action  of  Oi'dium  lartis,  a  mold, 
and  upon  several  varieties  of  yeast.  Conn.'*^  more  recently,  in  a 
bacteriological  study  of  Camembert  cheese,  ha^  demonstrated  tliat 
the  production  of  this  cheese  depends  upon  the  united  action  of  two 
microttrganisms,  one  an  oidium,  like  the  O'idiura  lactis  of  Krcudcn- 
reich,  which  is  found  chiefly  in  the  interior  softened  areas,  llie  other 
a  mold  belonging  to  the  penieillium  variety,  found  in  a  matted  felt- 
work  over  the  surface  and  penetrating  but  a  short  distance.  In 
spite  of  the  scientific  basis  upon  wiiich  the  work  of  tliese  men  and 
of  others  lias  seemed  to  place  cheese  production,  attempts  at  uni- 
formity in  cheese  production  liave  met  with  almost  insuperable 
obstacles  b<*causc  of  the  presence  of  a  variety  of  adventitious  micro- 
organisms which,  depending  in  species  and  proportion  upon  the  local 
conditions  under  which  the  various  cheeses  have  been  produced, 
have  added  minor  cliaractcristics  of  flavor  which  have  determined 
market  value.    Oceasional  failure  of  good  results  in  cheese  produc- 

r- ,         "  ■  ■  ■'.■■'      T" *    ^ 

f^DucUmx.  "Le  Lait,"  Parie,  1887. 

"  r.  Frmdrnrekh.  Cent.  f.  Bakt.,  11,  i,  1805. 

•Ti^ifi,  Bull.  St«ti».  Atr'i.  Exp.  Stat.  35,  1905, 
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Hon'"'  is  due  to  contamination  with  other  chroraogenic  <»r  putrefactive 
bacteria. 

In  ita  relationship  to  tlio  spread  of  infectious  diaeasei  cheese  is 
relatively  unimportant  except  in  regard  to  tuberculosis.  Typhoid 
and  other  non-spore  forming  pathogenic  germs  can  not  Rur\'ive  the 
conditions  existiug  during  cheese-ripening  for  any  length  of  time. 
Tubercle  bacilli,  both  of  the  human  and  bovine  typos,  have  been^, 
found  in  cheese  by  Harrison'*"  and  others,  and  Galtier  has  shown 
experimentally  that  tubercle  bacilli  may  remain  alive  and  virulent 
in  both  salted  and  unsaltcd  cheese  for  as  long  as  ten  days.  J 


THE   LACTIC- ACID    BACILU   AND    METCHNIKOFF  S* 
BACTERIOTHERAPY 

A  problem  which  has  occupied  clinical  investigation  for  many 
years  is  that  of  gastrointestinal  autointoxiration.  There  arc  a 
number  of  conditions  occurring  in  man,  in  whieli  sjTnptoms  pro- 
foundly affecting  the  nervous  system,  the  circulation,  and,  in  a 
variety  of  ways,  the  entire  body,  can  be  clinically  traced  to  the 
intestines,  and  can,  in  many  cases,  be  relieved  by  thorough  purgation 
and  rarcfnl  diet.  In  some  of  these  conditions,  Hpecific  niiiTaorgan- 
isms  can  be  held  accountable  for  the  diseases  (B.  entcritidis,  B. 
botulinus,  etc.).  In  other  cases,  however,  etiological  investigations 
have  met  with  but  partial  success  because  of  the  large  variety  of 
microorganisms  present  in  the  intestinal  tract  and  because  of  the 
complicated  symbiotic  conditions  tliereby  produced.  Intestinal 
putrefaction,  recognized  as  the  cardinal  feature  of  such  maladies, 
has  been  attributed  to  Bacillus  proteus  vulgaris,*''  to  Bacillus 
aerogenes  capsulatns,  to  Bacillus  piitrificus,*'*  and  to  a  number  of 
other  bacteria,  but  definite  and  satisfactory  proof  as  to  the 
etiological  importance  of  any  of  these  germs  has  not  yet  been 
advanced.    The  fact  remains,  however,  that,  whatever  may  be  th< 

*  See  alno  H.  Acidophilus,  et«.,  in  another  section  of  this  book 
"Bfi^mrtrA.  Koch'a  JnhrcRber,  etc.,  82,  189. 
**  Harri/ton  ond  Gnitier,  quoted  from  Idohler,  U.  8.  Pub.  H.  and  Mar.  Hoipi 
Sterv.,  Hygiene  l*ab.  Bull.  41,  1908. 
^Le»agt,  Rev.  de  m^d.,  1S87. 
"TiMMf,  Ann.  de  Tinat.  Pasteur,  1905, 
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specific  cause,  the  disease  itself,  a  grave  and  often  fatal  affliction, 
may  l>e  clinically  traced,  in  a  number  of  cases,  to  the  abtiorptiou 
of  poisons  from  the  intestinal  canal,  and  it  is  more  than  likely  that 
these  poisons  are  the  products  of  bacterial  activity.  Keason  dictates, 
furthermore,  that  the  bacteria  primarily  responsible  for  the  produc- 
tion of  these  toxic  substances  do  not  belong  to  the  varieties  which 
attaok  carbohydrates  only,  but  must  belong  to  that  class  of  aerobie 
and  anaerobic  germs  whieh  possfss  the  power  of  breaking  up  proteins 
— in  other  words,  the  bacteria  of  putrefaction. 

On  the  basis  of  the  mutual  antagonism  existing  in  cxilture  be- 
tween many  acid-producing  bacteria  and  those  of  putrefaction — a 
phenomenon  recognized  by  some  of  the  earliest  workera  in  this 
field,  many  investigators  have  suggested  the  possibility  of  combatinp 
intiKtinal  putrefaction  by  adding  acid-forming  bacteria  together 
with  carbohydrates  to  the  diet  of  patients  suffering  from  tliis  condi- 
tion. The  first  to  suggest  this  therapy  was  Kseherifh*'  who  proi>OHcd 
the  use,  in  this  way,  of  Bacillus  lactis  aerogenejj;  with  the  same 
end  in  view,  Quincke,*'  a  little  later,  suggested  the  use  of  yeasts — 
OYdiuni  lactis.  The  ri'asoniuK  underlying  these  attempts  was  mean- 
while uphold  by  experiments  carried  out  both  in  vitro  and  upon  the 
living  patient.  Thus  Brudzinski"  was  able  to  demonstrate  that 
BaeillUB  lactis  aerogenes,  in  culture,  inhibited  the  development  of 
certain  races  of  the  protrus  species  and  succeeded  in  obtaining 
markedly  favorable  results  by  feeding  pm*c  cultui'cs  of  Bacillus 
lactis  aerogenes  to  infants  suffering  from  fetid  diarrhea.  Similar 
experiments'"  carried  out  with  the  Welch  bacillus  (aerogenes  cap- 
sulatus)  and  Bacillus  coli,  howevrr,  had  no  such  corroboratory 
results,  since  this  anaerol)e  possesses  a  considerable  resistance  against 
an  acid  reaction.  In  considering  the  difficulties  of  the  problems  in- 
volved in  this  question,  it  occurred  to  Metchnikoff**^  that  much  of 
the  practical  failure  of  therapy,  based  upon  the  principles  stated 
above,  might  be  referred  to  insufficcnt  powers  of  acid  production 
on  the  part  of  Bacillus  coli,  Bacillus  lactis  aerogenes,  and  other  germs 

"  EscKericK  Therapeut.  Monataheftc,  Oct.,  1887. 

'*  Quincke,  YerhandL  dea  Congipsg  f.  Inn.  Med.,  Wi«tl)a<lcn,  1S98. 

'^  Brudtinski,  Jalirbuch  t.  Kin<ierhoiIkurnle,  52,    ItK)0    (Erganzun^boft). 

*"  rwfi^r  Rnd  MttrUlltf,  Ann.  »le  I'inst.  Pantoar,  1906. 

*^Metohn%koff,  "Prolongation  of  Life,"  O.  P.  Putnam's  Sobs,  N.  Y.;  alto  in 
'*6act£riotb6rapie,"  etc.  "Biblioth^ue  de  tb^rap«utique/ '  Gilbert  and  Carnot, 
Paris,  1909. 
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previously  used,  hi  sfurching  for  more  powerful  acid  producew, 
his  attention  was  nttraclcd  to  Bacillus  bulgarioiis,  isolated  from 
milk  by  Massol"-  and  Cohendy"*  in  1905.  This  bacillus,  according 
to  the  rosea  rclu's  of  Bert  rand  and  WeisweiUer,'**  produces  as  much 
as  25  grams  of  lactic  acid  per  liter  of  milk.    In  addition  to  this, 

it  manufactures,  from  the  same 
quantity  of  milk,  aljoul  50  cen- 
tigrams of  acetic  aiid  Hucomio 
iicids  and  exerts  \ut  putre- 
factive action  upon  proteins. 
Added  to  these  characters,  it 
is  especially  aduptcd  to  thera- 
peutic application  by  its  com- 
plete lack  of  pathogenicity. 

The  administnition  of  tlie 
bacillus  to  patients  suffering 
from  intestinal  putrefaction, 
first  sujfgeMed  by  Metchnikoff 
in  1906,  has,  since  that  times, 
been  extensively  practiced  and 
often  with  renmrkal)le  success. 
Jn  spite  of  sharp  criticism, 
especially  by  L  u  e  r  s  e  n  and 
Kuhn."''  who  deny  much  of 
the  antiputrefactive  activity 
of  tlie  bacillus,  the  treatment 
of  MctchnikotT  has  found 
m  a  n  y  adherents,  upon  the 
basis  uf  purely  clinicul  experi- 
ment. It  is  not  possible  to  reyiew  completely  the  already  extensive 
literature.  Among  the  more  valuable  contributions  may  be  mentioned 
the  articles  by  Orekoff;'"  by  Wegcle."  and  b>  Klotz."  In  Metchni- 
koflf's  experiments  and  in  the  work  of  his  immediate  successors,  the 

"MajtaoJ,  Roviii?  m^<1ioalo  de  la  SuJse*'  romaiule,  1905. 
•r.'o/jrnrfy,  Oomptes  rend,  tie  la  hoc,  do  biol.,  60,  1W06. 
**  Bertrond  mid  Weinwnllrr,  Ann.  <lc  rinst.  pMteur,  190«J. 
■Liif/arH  ami  Kiihit,  Cent.  f.  Bakt.,  II.  xx,  1908. 

'^(irckoff,  "Observations  cliniqiipB  niir  1  Vffot  du  Jact.  agri., "  etc.,  St.  PeterB* 
>urg,  lfi07. 

"  ^yffjele,  Deut  med.  Woch.,  xiiiv,  1908. 
•"Kloiz,  7!rntralbl.  f.  innere  Med.,  1908. 
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waa  ujsed  either  in  luilk  culture  or 
iuced  to  grow  in  symbiosis  with  other  mioTOorganiiinis. 


broth  in  which  it  was 


BACTERIOLOGICAL   EXAMINATION  OF    OYSTERS 


On  account  of  the  danger  of  the  transmission  of  typhoid  fever 
by  oystcrfl  which  have  been  bred  or  stored  in  contaminated  water, 
standard  methods**  have  been  devised  for  the  estimation  of  the 
bacterial  content  of  oysters.  Tlicsc  are  similar  in  principle  and 
method  to  those  used  for  the  examination  of  water,  and  a  most 
important  index  of  sewage  contamination  and  consequent  danger 
of  tj'phoid  infection  is  the  number  of  colon  bacilli  present  in  the 
shell  Hah.  The  shell  liquor  is  used  for  examination,  and  in  examiuiug 
oysters  in  the  shell  the  following  procedure  Ls  followed:  Five  oysters 
having  deep  bowls  and  closed  shelbi  are  selected.  Lips  of  the  shell 
arc  sterilized  in  the  flame  or  by  buniiiig  with  alcohol.  The  liquor 
is  obtained  by  opening  the  shell  with  a  sterilized  knife,  or  better, 
by  drilling  a  hole  through  the  flame  surface  with  a  sterilized  gimlet. 
For  determining  the  total  nimiber  of  bacteria  the  shell  liquor  is  with- 
drawn with  a  sterilized  pipette,  diluted  with  1  per  cent  salt  solution, 
and  placed  in  agar.  More  important,  however,  is  the  prcHumptivc 
colon  test,  which  is  carried  out  by  inoculating  three  lactose  bile 
tubes  with  1.0  c.c  0.1  c.e..  and  0.01  e.c,  respectively,  from  each  of 
the  Ave  oysters.  The  tulx^s  are  incubated  for  three  days,  and  tho 
development  of  over  10  per  cent  of  gas  in  the  closed  arm  is  con- 
sidered a  positive  reaction.  The  score  is  recorded  as  the  approximate 
number  of  colon  bacilli  contained  in  the  5.55  cc.  of  shell  liquor 
from  the  five  oysters,  and  i.s  estimated  in  the  following  way:  A 
positive  reaction  in  a  tube  inoculated  in  1  c.c.  is  recorded  as  1.0, 
a  p<»sitive  reaction  in  0.1  c.c.  is  10,  and  in  0.01  is  recorded  as  100. 
The  sum  of  these  figures  is  the  score  for  the  batch  of  oysters  from 
which  the  five  have  been  taken.  In  examhiing  shucked  oysters  a 
well-mixed  sample  of  oysters  and  the  surrounding  fluid  are  put  in 
a  sterilized  vessel  and  lactose  bile  tubes  inoculated  in  triplicate 
with  1.0  c.c,  0.1  c.c,  0.01  c.c,  0.001  cc  of  the  liquor.  No  definite 
standard  score  has  been  adopted,  but  the  United  States  Pure  Food 
Board  has  condemned  unshucked  stock  having  a  score  of  32  or 
higher.  ' 


L 
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SECTION  VII 

PATHOGENIC  PROTOZOA 


Frederick  P.  Russell,  M.D. 
iNTRonucrroN 

In  the  practice  of  his  profession  the  p!i>sician  requires  a  knowl- 
edge of  the  pathogenic  protozoa  found  in  man  and  the  domestic 
Hnimals  and  of  their  closely  related  non-pathogenic  forms.  Quite 
('(mmionly  in  the  diagnosis  of  fevers  it  is  neeessary  to  examine  the 
blood  of  the  same  patient  for  both  malaria  and  bacteria,  therefore 
a  working  knowledge  of  the  principal  pathogenic  protozoa  is  essen- 
tial. In  this  work  it  will  be  possible  to  describe  the  forms  only  of 
medical  interest,  and  the  reader  is  referred  to  other  works  for 
further  information. 

The  protozoa  are  unicellular  animal  organisms  that  occur  singly 
or  in  temporary  colonies.  The  functions  of  the  nninials  are  carried 
out  by  the  protoplasm  of  the  single  cell,  parts  of  which  may  be 
differentiated  for  special  purposes  and  are  then  called  organellae. 


CLASSIFICATION    OF    THE    PROTOZOA 

Class  I.  Sahcodina.  (Rhizopoda). — The  body  is  naked  or  encased  and 
the  animal  moves  by  means  of  protruding  temporary  prolongations 
of  t  he  iHKly  called  pscudopods.  They  possess  one  or  many  nuclei 
and  reprmluee  by  fission  or  multiplication  in  a  cyst. 
Order  I,  AmcebcB  [Lobosa). — Naked  or  with  a  simple  shell,  the 
pseudopia  are  lobose  or  finger-shaped,  the  nucleus  Ls  usually 
single  and  there  is  sometimes  a  contractile  vacuole.  Example, 
the  atncebop. 

Class    IL  Ma.stigophora    [Flagellaia) . — They    posseas    flagella    for 
locomotion  and  for  obtaining  food;  they  may  be  naked  or  fur- 
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nished  with  a  membrane ;  many  forms  possess  nucleus,  contractile 
vacuole  and  a  small  groove  spoken  of  as  the  cytoslome.  Examples, 
the  trypanoHomes  and  intestinal  flagellates. 

Class  III.  Sporozoa. — They  live  parasitically  in  the  tissues  of  other 
animals,  ingesting  food  by  osmosis;  they  have  no  cilia  in  the 
adult  stage  but  may  form  pseudopoda,  one  or  more  nuclei,  no 
contractile  vacuole,  reproduction  by  spores.  They  are  divided  into 
two  subclasses,  telesporidia  and  neosporidia.  Examples,  gre- 
ijannidOf  coccidOdea,  kemo»poridiaf  saroospondia^  etc. 

Class  IV.  Infusoria  {Ciliata). — The  body  is  generally  uniform  in 
shape,  with  cilia  and  contractile  vacuole,  and  usually  with  macro- 
and  micronucleus.    Exampleii,  Paramecium,  baluntidium. 


CHAPTER  LIV 

li  CLASS  1— fiAKCODINA  (RHI20P0DA) 

THE    AMCEB^ 

These  organisms  belong  to  the  order  Amccbina  (Ehrenberg).  They 
are  characterized  during  the  vegetative  stage  by  a  semifiuid  consist- 
cnec,  permitting  rapid  changes  of  form,  amoeboid  movements,  and 
progression  by  means  of  pseudopods.  There  is  no  iaternul  skeleton 
and  the  protoplasm  is  naked  and  may  be  differentiated  into  endo-  and 
etitoplasm,  and  in  some  eases  a  contractile  vaeuolc  is  present.  All 
forms  posse.ss  one  or  more  nuclei.  Multiplication  takes  place  by  divi- 
sion into  two  or  more  daughter  colls.  Fertilizalion  possibly  takes  place 
by  the  conjugation  of  two  gametes. 

Since  some  flagellates  ijossess  an  amccboid  stage,  it  is  necessary  to 
know  most  of  the  life  cycle  of  an  organism  before  classifying  it  as  an 
ameba.  The  protoplasm  varies  greatly  in  its  consistency,  depending 
un  the  species  as  well  as  the  stage  of  tlie  life  cycle,  and  tlie  environ- 
ment and  food  supply.  Most  amoebffi,  including  all  the  parasitic  forms 
{entanicebae).  possess  a  single  nucleus,  yet  Amabn  diploidca  arnXAmaha. 
hinxu'kata  always  have  two,  and  the  other  species  may  show  more. 
The  nucleus  of  all  types  possesses  a  karyosome.  The  nucleus  is  well 
developed  and  in  it  may  be  followed  either  a  simple  or  typical  mitosis. 
The  cytoplasm  is  usually  at  some  stage  divided  into  a  granular  endo- 
plasm  and  a  clear  or  hyalin  ectoplasm,  the  latter  forming  the  pseu- 
dopods by  which  the  animal  moves  from  place  to  place. 

Until  recent  years  all  ainuphoid  organisms  were  placed  in  the  genus 
J.mcrfc(i,  but  Sclmudiun  established  a  genus,  the  Enfamo'ba,  for  the 
parasitic  species  wljioh  have  many  points  of  difference  from  the  free 
living  varieties.  Of  the  free  living  forms,  the  easiest  to  study  is  the 
Amccha  proieus  (Pallas),  a  very  large  organism,  2lX)  microns  in 
diameter,  found  frequently  in  stagnant  water;  it,  however,  has  no 
direct  importance  hi  medicine.  Another  group  of  free  living  amtpbre 
is  of  some  interest,  because  of  the  confusion  they  have  canseil  in 
the  study  of  y>arasitie  ainmba  ;  they  are  the  so-eallc<l  **limax  am<pb»," 
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which  havp  hcon  oultivated  on  agar,  and  for  this  genus  Ch&tlon  (1912) 
has  proposifd  the  imme  VahtJiumpfui.  They  are  small  orgaiiLsma, 
5  to  30  microns  in  diameter,  provided  with  fingerlike  or  si)inous  pKCU- 
dopodia,  and  characterised  by  a  nucleuH  with  a  large  karyosoine  and 
a  single  nuelcated  resijstance  cyst  in  which  no  multiplication  occurs. 
They  have  rcp<^atrdly  bc<*n  cultivateti  from  human  dysentenc  stools, 
from  the  air,  and  apparently  from  liver  abscess  pus.  It  has  been 
shown.  heyon<l  doubt,  that  they  are  harmless  to  man.  and  that  they 
pass  through  the  intestinal  tract  with   food  and  water  in  the  cyst 


I 


Flo.  120. — Entawu(Ka  HwroLTTlCA.  Vegetative  lunn  xhowniK  liiHtulytica  type  of 
nucleus,  ^tainod  with  iron  hematoxylin.  (Army  Medical  School  Collection, 
Waahinglon,  D.  C  ) 

form.  While  they  will  develop  in  eultui^  at  body  temperature,  a 
better  growth  is  obtained  at  the  temperature  of  the  room.  Snicc 
the  true  parasitic  amocha,'  have  never  been  cultivated  on  artiReial 
media,  the  Vahlkampfia  may  be  dismissed  with  the  statement  that 
they  arc  not  pathogenic. 

The  genus  Entamcebae  includes  all  human  parasitic  forms,  and  is 
characterized,  among  other  things,  by  the  ahsenee  of  a  contractile 
vacuole,  which  is  always  present  in  Amoeba  and  Valilkamiiiia.     The 
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Species  of  importance  to  physicians  are  Eniamccha  histolyiicfj,  En- 
tammba  eoli  ami  Eniainaba  yingivalix, 

Leidy  of  Philndelphia  established  the  gonus  eitdatnceba  which  may 
poasibly  he  closely  related  to  or  identicBl  with  the  j^enus  cnf(vna.ba, 
for  the  large  amceba  whicli  is  para-sitie  in  the  cockroach,  and  called 
it  Endamceha  hlaftw;  this  genus  presents;  some  points  of  resemblance 
to  those  prcsL-nt  in  man,  but  its  lift;  history  has  not  ht'cti  sufficiently 
studied  by  our  present  methods  and  the  merging  of  the  two  at  this 
period  seems  scarcely  justifiable. 

The  nomenclature  of  th<*  human  parasitic  cntamn^lwe  is  shown 
in  the  followinR  table  which  has  been  taken  from  Dobell  (1919) : 


SYNOPSIS  OF  GENERA   AND  SPECIES  OF  AMCEBJE  LIVING  IN 

MAN 

Genus  I.  EyTAM<EBA    (Casagrandi  riuI  Hnrbagallo,  1895. 
(npc  Endamtrhn  Ijeidy,  1879.) 

Synonyms : 

Poneramaha  Llihc,  1908. 

,  „    , .       \  Cbatton  and  LaIun«;-Bonnairo,  1912. 
Loscma     { 

Pfocicmbceha  Alexeieff,  1912 

{Amirba   {pro  purie),  Endamahaf  Eniameba,  Endameba,  En-t 

tamoha,  Auett.) 

Type:  E.  coU  (Grassi)  Casnio'nndi  and  Borbagallo. 

Spcicics  in  Man:  E.  coU  (Urassi)  Casagrandi  and  Harbagallo. 
E.  hhtoltftka   8dinuilinn   (cmetKl.  Walker). 
E.  ginffivalis  (Gros)  Bnimpt. 

Genua  11.  ENDOLIMAX  Kucnen  and  Swellengrcbel.  1917. 

Only  spcciea,  bonce  type:  K.  nana  (Wenyon  and  O'Connor) 
Bnig. 

GemiB  III.  JODAM(ESA  uov.  ^en. 

Only  species,  hence  ty]H»;  1.  biiUchlii  (Pro^vazek)  DoboU. 

Ocnus  IV.  D!E.\TAM(EBA  Jepps  and  Dobell.  1918. 

Only  Bpeoies,  hence  type:  D.  fraffilis  Jcpps  and  Dobell. 
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(Entamaha  ietragenn  (VwrccJfc],  Kntumccba  africanc  [Hartmann] 
Entamaiba  nipponica  IKoidzumi,  pro  parte],  Entamoeba  (ropicati^ 
[Lesage,  pro  parte] ) 

It  has  long  been  customary  to  say  that  aincebie  as  a  cause  of 
disease  were  first  describcU  by  Lambl  of  Prague,  in  1860,  who  found 
them  pi'cstnt  iti  the  n!o<>Is  from  a  rasf  of  severe  diairheH  in  h  child, 
but  some  zoologists,  Leuekart  (1863).  Grassi  (1888.1  and  Dobell  0919) 
believe  that  the  organisms  he  described  were  degenerated  triehomonads. 


lo.  121, — Entam(£ua  lUsluLiiiCA.     \ i'jwtutivo  forin,  simpU*  diviBion. 
(Army  M*'<ii<*al  S-liiwI  Collodion,  \VnHhiii(jtU>n,  D  C.} 


(X  1300.) 


i      um 


In  1870  Lewis  and  Cuuiiingham  found  amoebie  in  20  per  cent  of  the 
trtools  of  cholera  patients,  but  attached  no  pathogenic  importance  to 
them.  The  first  accurate  description  we  owe  to  Loesch  of  Petrograd, 
who  in  1875  studied  an  undoubted  case  of  amoebic  dyseJitery  with 
relapses,  and  he  named  the  orgutiism  Amaba  coU,  He  was  further 
successful  in  reproducing  the  disease  in  a  dog,  and  thus  began  its 
experimental  investigation.  Not  much  progress  was  made  until 
Kartulis  in  Egypt  began,  iu  1886,  the  publication  of  a  long  series 
of  studies  which  has  continued  up  to  the  present  time,  and  because 
of  the  neb  clinical  and  pathological  material  at  his  disposal  his  work 
baa  been  of  the  greatest  value.    In  1890  Osier  published  the  first  paper 
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in  America.  He  was  followed  by  Musser  and  Stengel  and,  in  1891, 
by  Dock,  and  Councilman  and  Lafleur.  The  work  of  the  last  two 
authors  was  especially  compk'le  and  firmly  e.staiilisliL-d  the  entity  of 
this  disease  in  America.  In  1902  Jiirgcus  differentiated  the  pathogenic 
amoeba  from  the  humiless,  and  in  1903  the  work  of  Schaudiun  ap- 
peared. This  autbfir,  who  was  a  zoologist  by  Iruinlng,  showed  dearly 
that  there  were  two  forms  of  parasitic  ama?bffi  and  he  followed  out 
most  of  the  di^tails  in  their  life  history,  renaming  them  Eniamaba 
histolytica  and  Entaynaba  coli.  Schaudinn  accepted  the  name  for 
the  gcnns  proposed  by  Cusafrrandi  and  Harbagallo  (1895)  but  named 
his  pathog(*nic  species  histolytica  and  the  non-pathogenic  coli.  These 
names  are  still  in  use  although  the  work  of  later  investigators  has 
shown  that  many  of  his  oljservations  were  erroneous.  Our  present 
knowledge  of  this  organism  we  owe  to  the  work  of  Craig,  Whitmore, 
Walker,  Sellards,  Darling,  Dobell  and  others. 


CLINICAL   DYSENTERY 


Dysentery  as  a  disease  has  been  known  from  the  earliest  times 
and  references  are  found  to  it  in  Sanscrit  and  Egyptian  literature 
find  in  early  Oreek  and  Tlomiui  writings.  Until  recent  years  its 
etiolugy  was  obscure,  but  we  now  recognize  two  separate  forms, 
bacillary  and  amoebic;  the  former  has  already  Ijeen  described  under 
the  dysentery  bacilli.  Amoebic  dysentery  is  a  distinct  clinical  entity, 
and  runs  a  course  qiute  different  from  the  bacillary  form.  It  begins 
gradually,  and  in  some  cases  is  chronic  in  character  from  the  start. 
Usually  ti»ere  is  no  rise  in  temperature  nor  any  gieat  change  in 
weight  or  health  until  the  disease  has  existi'd  some  time.  The  bowel 
movements  become  gradually  more  frequent  and  the  fecal  matter 
is  accompanied  by  larger  and  larger  amounts  of  mucus  and  blood. 
As  the  disease  progrtsses  and  more  and  more  of  the  colon  is  involved 
the  amount  of  blood  and  mucus  increases  until  the  stool  contains 
little  else.  The  colicky  pains  increase  in  frequency  and  severity 
and  there  is  added  tenesmus  and  finally  nausea  and  vomiting.  The 
patient  loses  flesh  and  strength  and  when  the  stools  increase  to 
twenty  and  thirty  daily,  becomes  bed-ridden.  The  abdomen  is  con- 
cave and  tender  (in  pressure,  especially  over  the  colon.  The  course 
of  the  disease,  if  untreated,  tends  to  i)i*ogress  with  jjeriods  of  remis- 
sion, and  spontaneous  cure  probably  does  act  occur.     Bacillary 
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dynentery,  it  will  be  remembered,  is  a  disease  witb  a  short  incuba- 
tion period  and  an  aoute  onset;  after  two  or  three  days'  illness  ihe 
bacillary  case  is  confined  to  bed,  is  pale,  weak,  i-maeiated  and 
presents  every  evidence  of  profound  toxemia ;  an  amoebic  case,  sick 
the  samt'  length  of  time,  will  be  up  and  about  and  perhaps  will  not 
have  applit'il  for  treatment. 

ComplicatioTiB. — A  common  and  most  dangerous  complioation  is 
abscess  of  tho  liver.  The  ama'Ixe  travel  from  the  ulcers  in  the  eolon 
by  way  of  tl)e  lyniphatiea  to  the  liver  and  there  set  up  a  liquefying 
necrosis  of  the  parenchyma.  The  liquefied  portion  contains  a  red- 
dish or  ehoeulate-colored  fluid,  which  is  not  pus  in  the  ordinary 
sense,  althouKh  it  may  become  a  pus-containing  abscess  if  secondary 
bacterial  infection  occurs.  Liver  abscesses  may  be  single,  but  are 
much  more  often  multiple,  and  at  times  the  wliole  liver  may  be 
riddled  with  large  and  small  abscess  cavities;  both  right  and  left 
lobes  may  be  involved.  If  surgical  interference  be  withheld,  the 
abscess  increases  in  size,  approaches  the  surface,  and  finally  rupture? 
into  the  lung  through  the  diaphragm  or  into  the  peritoneal  r-avity. 
A  few  cases  of  amoebic  aljseess  of  the  brain  have  been  reported. 
(Kartulis,  1904.) 

At  autopsy  the  lesions  are  found  in  the  colon,  principally  at  tlie 
sigmoid  flexure  and  in  the  cecum,  though  in  chronic  cases  the  whole 
colon  is  involved,  showing  ulcers  with  undermined  edges,  swollen 
solitary  follicles  and  a  hemorrhagic-eatarrhnl  inflammation  of  the 
mucous  membrane.  The  ulcers,  »*eadily  dilTerentiated  from  those 
caused  by  the  tubercle  bacillus,  are  of  all  sizes,  shallow  or  deep, 
and  are  characterized  by  irregular  margins  and  undermined  edges. 
Fresh  smears  made  at  autopsy  will  show  vegetative  amopbie.  In 
chronic  cases,  the  colon  is  a  mass  of  scars  and  ulcers  and  acutely 
infiamed,  swollen  and  thickened  mucous  membrane  resting  on  a 
hypertrophied  submucosa.  The  severe  and  chronic  forms  of  the 
disease  are  now  as  rare  as  they  were  formerly  common  as  a  result 
of  the  present  speeifie  treatment  wnth  emetin. 

Ckographical  Distribution. — Although  amcpbie  dj-sentery  is 
classed  among  the  tropieal  diseases,  it  is  by  no  means  confined  to 
the  tropics.  In  the  United  States,  for  example,  it  is  endemic  as  far 
north  as  Baltimore  and  M'ashington.  and  eases  are  not  very  infre- 
quent in  the  northern  tier  of  states;  hence  one  must  examine  the 
stools  for  ameebae  in  dysenteric  cases  regardless  of  the  location  of 
the  patient 's  home. 
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DiagTtosi£. — While  the  Tiistory  of  the  case  may  suggest  amGebie 
infeolion,  the  diagnosis  can  only  be  made  with  certainty  by  micro- 
scopic examination  of  the  stool.  For  this  purpose  the  cJtamination 
sliould  be  made  as  soon  after  the  stool  is  passed  as  possible;  and 
in  this  disease  it  is  usually  practicable  to  have  the  patient  come  to 
the  hospital,  clinic  or  office  and  pass  a  stool  there.  It  may  then  be 
exnnnne<i  immediately.  If  this  is  imprnetieahle,  the  atool  may  be 
kept  warm  and  sent  to  the  laboratory  in  a  small  glass  jar  inside 
a  tin  pail  partly  tilU-d  with  water  at  hody  heat;  a  little  eloth  or 
absorbent  cotton  will  hold  the  hot  water  and  prevent  splashing 
during  transit.  Tht-  stool  will  show  bloody  mucous  masses,  and 
small  drops  of  tltLs  are  placed  on  slides,  protected  with  a  cover  glass 
and  ringed  with  warm  vaseline  to  prevent  evaporation.  The  prepara- 
tion, to  be  of  value,  must  l>e  thin,  and  the  bloody  mucus  may  be 
diluted  with  salt  solution  if  necessary.  Except  in  hot  weather,  the 
slide  should  he  examined  on  a  warm  stage,  or  the  slide  may  be 
warmed  by  placing  heated  coins  on  it,  near  the  cover  glass.  At  least 
half  a  dozen  slides  should  be  examined  before  reporting  a  negative 
result.  Since  the  entamcebae  degenerate  and  die  soon  after  the  stool 
is  passed,  it  ;s  particularly  important,  when  studying  the  life  history, 
to  use  only  the  very  freshest  material.  DobelP  believes  that  most 
of  the  mistakes  which  have  been  made  in  studying  the  life  hi8tx)ry 
of  these  organisms  have  been  caused  by  the  examination  of  de- 
generated or  dead  parasites,  in  which  lx)th  nucleus  and  cytoplasm 
may  have  been  abnormal. 

For  the  study  of  living  anupha?  and  cysts  it  is  helpful  to  mix 
a  particle  of  stool  in  a  drop  of  salt  solution  on  one  slide  and  in  a 
drop  of  iodine  solution  on  another.  (lodino  should  he  used  as  a 
strong  aqueous  solution,  in  potassium  iodide — the  stronger  the  bet- 
ter. Dobell.)  The  iodine  penetrates  the  cyst  wall,  and  if  glycogen 
be  present  in  the  vacuoles,  gives  it  the  characteristic  color;  it  also 
nets  as  a  fixative  and  renders  the  nuclei  easily  visible,  so  that  they 
may  be  counted  and  the  details  of  structure  made  out  fairly  well. 

Stained  preparations  are  not  difficult  to  prepare,  although  the 
process  requires  some  time  and  care.  As  in  most  zoological  work, 
wet,  rather  than  dry,  fixation  is  used.  Thin  smears  arc  made  on 
cover  glasses  or  slides  and  before  thev  can  dry  arc  covered  with 
or  immersed  in  Schaudinn's  fluid.    This  is  a  mixture  of  two  parts 
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of  a  satnratpd  solution  of  hichlirUI  of  mercury  In  nonnnl  unit 
solution  and  one  part  of  abftoluto  al«.*oliol.  Thi*  nuTiMjrio  wtlMlluii 
is  prepared  by  adding  to  boiling  normal  unit  nolullort  a  lltllo  iii<)i'<( 
menniry  than  will  dissolve-;  on  rr»oliii|;f,  noinr  nf  tin*  tili'lilnrld 
pryBlallizes  out.  At  no  Rtago  of  tlio  prrMTw  iniifit  tin-  ]Hi'\>t\rtt\\i>U 
become  dry  or  the  smear  is  worthle«H 

1.  I'ix  in  hot  (60^  P.)  Hehnndin)»'*  iltild.  Mve  to  fui  luUwiUit 

2.  Harden  in  70  per  cent  ah-oho!  ten  tt*  thirty  niiiiiil'*!,  tlt<  it  w«nIi 
in  70  per  cent  aleohol  to  whieh  a  few  dro|w  of  fln«»fnri'  "f  IinIIm 
have  been  ndflrd  until  it  \h  dUtinetly  rdjorrd  -ten  miniltotj  »fori» 
in  70  or  80  per  cent  alcohol  until  ready  to  utiiin. 


and  cleu  !TrU.p:»*ii      t\mty  MM|/'hI  H<Ii*»..I  riJIwln.H,  )^n*Ul*inUm.  I'    ' 


3.  T^  Roumtraaek  btmatoxrlin  U  <iiilte  mniinf nMorf.  Tran«fi*r 
the  slkk*  to  dJ«tUl«fd  wstrr  and  ehfinfto  Mivfril  Ilrri<«  MfiOl  Owf 
tn  free  from  al«*»hol,  thcntaiiD^nKi  In  %,U  p4*r  mhiiI  Iron  Ahfin  Nol(il(fff» 
fSnr  froB  half  an  boar  t«  oVfTirtflhf. 

4.  dufai  io  tb^  follcminK  ftoliHlon,  nfffr  fNffM  waaMnu  In  dUtllM 


[■)  1  p<pr  e*wi  hrftiat/fxriln  Jw  !H^  jm  n»ni»  «l^*>lwd 
(i)  fl>ttirsC4>4  B^n»'^rtm  rnihtHnn  itf  lltbltim  **4»rl»/fn«««' 

wn(b)  ^bM'  <Moh  f4Mi(Htl  fl"  "^ 

fV  v>ttiHwi  k  .4ibj^  '.  Mm  •IMi'i  '«•  «l**r  •"•  ♦** 

in  it,    *•.  ''.«  to  oV»»ffdutfl 

•f.  INfrvttCfale  wHb  a  w* j.im  mMUm  /thn.*  |r»rt4  wf 
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distilled  water  to  one  of  the  iron-alum  solution  is  satisfactory),  until 
the  slide  under  the  microscope  shows  the  structure  of  the  nucleus; 
the  examination  is  made  in  water  under  a  cover  glass. 

7.  When  the  differentiation  is  complete  the  slide  is  washed  in 
distilled  water  and  passed  through  graded  alcohols,  80,  95  and 
absolute  into  xylol  and  xylol-balsain.    This  stain  is  permanent 

Romanowski  stains  on  dried  smeai-s  may  be  used,  but  arc  not  so 
good 

In  fresh  specimens  Entamceba  histolytica  presents  the  following 
appearance:  the  vegetative  forms  are  pale,  unstained  with  bile,  and 
are  seen  to  be  large  bodies,  20  to  30  microns  in  diameter,  consisting 
of  endo-  and  ectoplasm,  and  often  showing  a  delicate  nucleus  and 
also  many  inclusions  in  the  digestive  vacuoles,  principally  red  blood 
cells.  The  organisms  for  several  !iours  after  the  stool  is  passed 
remain  actively  motile,  pushing  out  clear,  glass-lili.e  pseudopods,  into 
which  the  granular  cndoplasm  pours  as  tlie  am(e!)a  progresses  across 
the  field.  Even  when  there  is  no  progression  the  pseudopods  are 
protruded  or  retracted  first  in  one  then  in  another  direction.  There 
is  usually,  during  motion,  a  distinct  separation  of  the  clear  ectoplasm 
from  the  granular  eudoplusm,  and  the  latter,  in  acute  cases  es- 
pocially,  contains  many  red  blood  cells,  occasional  examples  show- 
ing aa  many  as  twenty  or  thirty.  The  presence  of  red  blood  cells 
either  entire  or  partly  digested  is  charaeteriHtic  of  Entamoeba  his- 
tolytica. The  amoeba  is  sometimes  greenish,  and  it  is  joipposed  that 
this  color  is  due  to  lieniaglobin  liberated  from  the  ingested  red  cells. 
The  pseudopods  of  this  species  are  clear,  glassy  and  evidently  viscid 
and  dense  and  have  given  it  its  name  ** histolytica,"  since  Schaudinn 
states  that  he  saw  the  amceba  penetrate  the  mucous  membrane,  the 
pseudopods  dissecting  apjirt  the  epithelial  cells.  It  is  much  more 
probable  however,  that  the  parasite  secretes  a  strong  ferment,  which 
first  softens  and  then  dissolves  the  tissue  cells.  The  nucleus,  when 
the  cndoplasm  is  packed  witli  inclusions,  may  not  be  visible,  but 
further  search  will  reveal  amopb©  showing  a  nucleus.  It  is  vesicular, 
with  a  delicate  limiting  memhrane,  and  as  it  Ls  highly  refraetile, 
may  appear  as  a  clear  bright  spot.  As  the  specimen  grows  older 
the  amffibffi  lose  much  of  their  motility  and  the  nucleus  may  become 
clearly  visible,  n.^vealing  small  chromatic  dotii  or  masses  adherent 
to  its  inner  sui'face  and  a  small  central  karyosome. 

The  motile  anKrhw  cannot  be  confused  with  anj'thing  else,  but 
when  in  the  resting  stage  they  have  been  mistaken  for  swollen  and 
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fdomAtous  epithelial  cells.  A  little  attentioa  to  the  nuelrus  will 
prevent  this  error,  since  the  tiasuc-cell  nucleus  is  large,  di&tinot,  and 
entirely  diffcreut  from  the  uueU'Us  of  an  amoeba. 

In  specimens  stnincd  with  hematoxylin  the  finer  details,  especially 
iu  the  nucleus,  may  be  studied,  but  stained  preparatioiut  are  never 
neces8ar>'  ^^^  cliuical  diagnosis.  In  smears  from  fresh  cases  vegeta- 
tive forms  only  are  found,  later  numy  degetieralive  forms  nj>pear 
and  during  couvaleseenee  only  ej-sts  may  be  seen.  In  stained  speci- 
mens there  is  rarely  any  separation  of  ectoplasm  and  endoplasm. 
but  the  nucleus  is  always  visible.  The  cytoplasm  is  granular  and 
has  a  coai-sc  honey-eombed  appearance.    The  nucleus  siiows  a  dis- 


I 


Fw.  128.  — Enta:^— ...  uu.-i-viiC.^ 
(Army  Med.  School  Colleclioa,  Wash* 
ington,  D.  C) 


(X  Il.'iO)  C'ysl,  showinn  four  iiuplfi, 
two  of  whirh  nn*  very  (lUlinct,  nnd 
targp  rhnipmtoid  body.  ( Army  Mwl 
SchooK'oUortion.WftHhington,  D.C.) 


tinct,  though  delicate,  limiting  membrane,  on  tiie  inner  surface  of 
which  a»*e  few  or  many  chi-omatin  dots.  In  the  center  is  a  small 
karyosome,  which  may  show  a  central  body  or  eeutriole.  The  outer 
zone  of  the  nucleus  has  u  honey-comb  structure,  iu  which  are  im- 
bedded granules  of  chromatin. 

Multi]i!icatioii  in  the  vegetative  stage  is  by  division  into  two 
daughter  cells;  in  the  intestinal  contents,  it  is  difficult  to  find  forms 
which  are  undergoing  division,  but  a  few  have  been  described 
and  pictured.  In  experimental  dysentery,  in  the  eat,  however,  all 
atagcs  of  the  process  may  be  followed  by  removing  the  intestine 
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from  an  infected  animal  wliich  has  been  killed  and  maldng  serial 
sectioub  of  the  ulcers.  In  such  sections  it  can  be  seen  that  the 
chromatin  of  the  nucleus  migrates  from  the  nuclear  niembrauf  to- 
ward the  center,  and  the  nucleus  elongates,  being  first  oval  and 
later  spindle  shaped;  although  the  chromatin  dots  and  threads  and 
the  achromatic  fibers  can  be  readily  seen  in  the  well  stained  speci- 
mens tlicy  do  not  show  the  usual  t>T)ical  fi^ires  of  a  typical  mitosis, 
but  are  arranged  in  an  at>'pical  and  irreirular  manner.  The  elongated 
nucleus  becomes  constricted  in  the  middle  and  a  liltlc  later  divides 
and  the  c3^oplasm  soon  follows,  leaving  two  daughter  cells. 

Degenerative  Forms. — These  are  extremely  common  in  stale 
stools,  in  cases  during  convalescence,  or  under  active  treatment^  and 
also  in  experimental  dysentery  in  the  cat,  and  they  have  led  to 
much  confusion  in  the  past.  The  nucleus  breaks  up  hito  frafriento 
and  chromatin  masses  are  extruded  into  the  cytoplasm  in  irregular 
forms,  and  parts  nf  the  cells  are  nj^parently  budded  off.  At  one 
time  the  budding  process  was  looked  upon  as  normal  by  Schaudinn 
and  bis  followers,  but  there  is  now  little  doubt  that  both  spores 
iiiul  buds  are  degenerative  ehanpres  and  that  the  animal  multiplies 
only  by  binary  fission  in  the  vegetative  forms  or  by  the  development 
of  four  nuclei  in  the  cybvs. 

Cyst  Formation.^Thc  eneystment  follows  the  general  rule  in 
that  under  suitable  conditions^  an  amceba  comes  to  rest,  ejects  all 
food  particles  from  the  cytoplasm  which  becomes  finally  gi'anular, 
and  round,  and  then  secretes  a  eyst  wall,  and  in  this  condition 
passes  out  ol  the  body  with  the  feces.  The  cyst  of  Entama?ba  his- 
tolytica was  first  dcBcrilR'd  by  Quincke  and  Roos  (1903),  and  again 
by  Huber  (1903),  but  without  making  any  real  impression  on  the 
medical  or  zoological  opinion  of  the  day.  They  were  redis- 
covered by  Viercek  (1907)  and  called  by  him  Entamfpba  (etra- 
gnia^  and  for  a  time  was  believed  to  be  a  new  species.  In  fact,  Hart- 
mann  described  a  vegetative  stage  of  Entamoeba  tctragena  as  Ent- 
amaha  africana,  afterwards  accepting  the  name  ''tetragena,"  but 
it  is  now  apparent  that  tctragena  is  merely  the  end.  or  cyst  stage, 
of  Entamoeba  histolytica,  which  had  formerly  been  overlooked  by 
Schaudinn  and  his  followers.  Cysts  are  not  easily  found  in  all  cases, 
and  it  is  possible  that  when  treatment  is  vigorous  they  never  develop. 
They  arc,  without  doubt,  the  form  in  which  the  parasite  leaves  the 
body  to  infect  new  \netims;  be<'ause  of  their  heavy  cyst  wall  they 
are  quite  resistant.    The  protoplasm  of  the  cyst  and  the  precystic 
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kU^c  is  ^auutor,  bat  bIiowb  no  vaeuules  t>or  eell  indasbaa  TIm 
nui'leu^  undi.'rt{ot:a  division  by  uiiiusis  tinit  iiito  twu,  «ad  th<!tt  tour 
wnAll  riiig-liko  nucU'I.  «nd  ihe  prvst^m-c  of  these  four  uucWt^d 
cxstn  is  pathognomonic  of  the  disease.  They  u&y  be  found  atost 
abundantly,  not  in  the  small  amount  of  mucus  wbifb  may  adiiv^re 
to  the  formeil  feces,  but  iu  surface  serapiugs  from  the  feeal  maaa. 
In  addition  to  the  four  small  ring-like  nuclei,  the  ej-stst  euatftiu  few 
or  many  clumps  of  chromatin;  thvsc  in  total  mass  may  b«  many 
times  greater  than  the  nucleus,  and  it  is  impossible,  therefore,  that 


.  125— E?rr\MacBA  rou     (.\nny  M«l  Scbofjl  CoIlecUon,  WnBhington.  D  C.) 

they  are  simply  extimded  from  (he  nucleus;  evidently,  the  chromatin 
grains,  while  in  the  cytoplasm,  inenase  in  size  mul  number,  lu 
hematoxylin  stains  no  structurt  in  those  masses  is  discernible  and 

■  their  function  is  unknown;  it  is  possible  that  they  are  merely  rescirve 

■  food  material;  after  a  time  they  disiippear  and  one  finds  cj'sts  quite 
I  free  of  them.  The  prc-senee,  however,  of  many  large  chromatin 
I  masses  in  the  cj-sts  is  quite  characteristic  of  Kntamivba  histolytica. 
I  These  masses,  which  stain  deeply  with  iron-hamaloxylin,  have  been 
I  given  various  names:  eliromatin,  chromaloid  masses,  chromedia, 
M     crystalloids,  inclusions,  etc 
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Fertilization  inside  the  cyst  has  not  boen  demonstrated,  nor  has 
any  other  sexual  process  or  conjugation  been  shown  to  occur. 

In  size  tlie  cysts  from  different  patients  vary  eonaiderably,  so 
mueli  so  that  well  recognized  races  or  pure  lines  occur:  Dobell  and 
Jepps  (1918)  describe  five  such  races,  the  cysts  of  which  have 
average  diameters  of  6.6  microns,  8.3  microns,  11.6  microns,  13.3 
microns  and  15.0  microns. 

The  Dysentery  Carrier. — ^Both  convalescent  and  healthy  contact 


FlO.    126. — ENTAMOiHA    t(»U. 


Typiral  iiucJfUi*.     (Army   Mixi,  dfbot»l  C'oUection, 
WaflhinRton.  D.  C.) 


carriers  arc  known,  and  recent  experiments  have  shown  that  they 
are  not  infrequent,  even  in  the  absence  of  casi-s  of  chemical  dysen- 
tery. To  explain  the  carrier  state,  it  is  of  course  necessary  to 
predicate  some  insignificant  and  silent  lesions  in  the  colon  of  the 
apparently  licallliy  man.  There  the  first  part  of  the  life  lustory 
is  lived  throuf^li  and  the  parasites  which  come  to  lie  in  the  lumen 
of  the  intestine  encysts  and  are  found  in  the  feces. 

The  treatment  of  amoebic  dysentery,  to  be  effective,  must  be  radical 
and  persistent,  and  may  be  compared  to  the  treatment  of  malaria 
with  quinine.     For  many  years  the  English  in  India,  Mnth  a  few 


in  oiaer  |nH»  •(  IW 


^ U     »'*.»   i«,.il..t    .1 

ipcrae  in  n  ~ 

fAiM  ia  othen.    TIm  tr(«lm%mi  unn  \\\\\\v  lit 

kaloick  of  ipoi^ao  «tt<i  (i>uhd  UtM  «ihiMlM  u»t*  rIi 
and  he  rvcommiMuIrd  itn  um>   (oi-   |1)U  illmtiuit.      MM||Mr«,   Ml 
following  out  this  NU|(Uf*«Mtih,  mw}\  rv\m\\yt\  !»*>'*'  ^ 

th«  dru^  is  now  nccni^toU  an  n  tk\tvv\Uv      ||   U  w 
dermirally  in  l,«i-Krain  i)iMi<n  MihHi  lliiiii«  n  itnf  Hi   " 
and  later  oner  dailv  \\u\\\  ii  t(»hil  nl'  liii  ^i*  '       ' 

(Veddcr).     In  nildilion,  iIm*  puilohl  U  j- 
milk  diet.    During  rdnvnlriioitnf'ii  Ittrgii  diMv^ 

a  heaping  t  'fill  numi 1  -t  ' 

(Dcekfl).      1        .         HiTj  (if   

primary  iiifi*cUotui.    Ah  •  rviiUlt  iif  ' 

diagnowt  the  eUnlcul  i 

changed,  and  ir«  om  )'>r  .. 

who  formerly  ercmd^d  tl»«i  wariU  ivr 

of  the  dianMe— 41  alwsy*  «j«'A'ui» 


■tt4 
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tfi^^it^  jy**'    '/**'/*^  i*/i 
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threw  doubt  upon  the  existence  of  a  form  of  dysenterj*  due  to  amoeba, 
since  it  was  found  not  infrequently  in  healthy  individuals.  Schau- 
dinn  found  it  present  in  the  stools  of  50  per  cent  of  the  persous 
examined  in  East  Prussia,  in  Berlin  iu  20  i  er  cent,  and  in  Istria 
in  60  per  cent.  Craig,  an<l  Craig  and  AHhburn  found  it  present  in 
176,  or  58  per  cent,  of  1^01  examinations  of  healthy  American  soldiers. 
Craig  Avns  able  to  follow  some  individuals  for  four  to  six  years, 
during  which  time  they  eouKtantly  showed  Entamceba  eoli  in  the 
feces,  yet  never  developed  dysentery.    The  organism  seems  to  be 


^a   127. — ^Entamoeba  coli.     Small  i-r-  ,..nn.     (Army  MeH.  School  Collec- 

tion, Washington.  D.  C.) 

found  in  all  countries,  regardless  of  climate.  Its  recognition  and 
separation  from  histolytica  we  owe  to  Schaudinn,  Jiirgcns,  Craig 
and  others. 

In  size  it  varies  from  ten  to  forty  microns,  the  average  being 
between  twenty  and  thirty.  The  (»ctoplasm  is  never  seen  exeept 
during  movement,  and  it  is  then  h^'alinc,  and  only  slightly  rcfractile, 
and  much  more  fluid  than  in  hiHtolytiea.  The  digestive  vacuoles 
rarely,  if  ever,  contain  red  blood  cells,  but  are  filled  \vith  cocci  and 
bacilli,  a  form  of  food  not  seen  in  healthy  histolytica.  In  general, 
the  vacuoles  are  larger  and  more  numerous  in  coli  than  in  histolytica, 
and  the  motility  is  feebler.    In  fresh  specimens  the  nucleus  is  rather 
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ier  to  find  than  in  histol>tica»  and  is  distinctly  outlined  by 
leavy,  double-contoui*ed  niembrune.     The  nucieuis,  a&  iii  all  aiucel 

vesicular,  and  shows  a  small  eccentric  k«ryo»oine  and  dots 
thromatin  on  the  nuclear  membrane  and  imbedded  in  the  nucl««r 
iclwitrk. 

Multiplication  in  the  vegetative  stage  is  by  binary  fission  of  thi 
iclcus  and  the  cytoplasm,  resulting  in  two  daughter  eeila. 


1. 128. — ^EifTAMCEBA  cou.     Crar  shovriDg  n  l&rice  vacuole.     (Army  Med.  School 
CoUeclion,  W'ashiugton|  D.  CV) 


Cyst  Formation. — This  is  charactcriatic  of  the  species,  and  it 
furnisticd  one  of  the  principal  rousons  for  the 'Separation  of  coli, 
and   liistolylica.     Before   encysting   the   anitnnl    frees   itself   of  all 
inclusions  and  becomes  clear,  transparent,  and  assumes  a  spherical, 
fomi,  and  scerctLS  a  '^yst  wall.    The  nurleus  divides  first  into  tw< 
then  four,  and  finally  eight  daughter  nuclei;  there  is  a  large  vacu( 
containing  glycogen  which  reaches  its  maximum  size  in  the  doubtf^. 
nucleus  stage;  it  later  disappears  and  is  not  seen  in  the  mature  qyst. 
Schaudinn  described  a  complicated  autogamy  in  the  cyst,  yet  Ifitep 
researches  by  Hartmann  and  Whitmore  show  nothing  more  than 
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repeated  binary  division  of  the  nucleus.  The  normal  number  of, 
nuclei  in  a  coli  cyst  is  eight,  yet  ocuasionaliy  cysts  are  seen  in 
which  division  has  gone  on  milil  there  aie  ajj  many  as  sixteen.  In 
size  the  cyst  measures  10  to  30/i  or  more. 

Cats  or  human  hcingH  may  be  parasitized  by  feeding  material 
containing  coli  cysts,  and  in  nature,  as  the  cysts  are  the  resistant 
forms  of  the  parasite,  the  infection  is  probably  transmitted  from 
one  host  to  another  by  means  of  them.  Xo  disease,  however,  results, 
though  the  amceboj  continue  to  be  present  in  the  stools  for  years. 


^ 


Fio.  129— ^Emtam<bba  coli. 


Cyat  showing  ciRht  nuclei, 
kunde,  1912,  xxiv.) 


(Arch,  far  Protisten- 


It  is  possible  that  fertilization  takes  place  between  the  young 
amo'bffi  (gametes?),  whit-h  are  liberated  when  the  cyst  dis.solves  in 
u  new  host,  as  is  the  case  with  Entamceba  blattas.  r 
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(Gros  18^9,  emend,  von  Prowazek  1004) 

This  amo&ba  is  found  in  the  human  mouth  both  in  health  and 
disease.  It  has  been  described  at  different  times  under  various  names 
{bitcalUf  dcntalut)  by  Gros,  Steinberg,  von  Prowazek,  Lewald,  Smith 
and  Barrett,  Chiavaro  and  Craig,  and  quite  recently  has  been  sug- 
gested as  the  cause  of  pyorrhea  alveolaris  by  Smith  and  Barrett  and 
Baas  and  Johns.  It  is  widely  distributed,  and  him  been  reported  from 
all  quarters  of  the  world. 

The  organism  i»  easily  found  in  the  tartar  at  the  base  of  the 
teeth,  in  cavities  in  the  teeth,  and  even  at  the  gum  margin  in  healthy 
mouths.    It  varies  in  size  from  seven  to  tliirty-tive  microns,  averaging 
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ieal  importance.  Eaietin  has  a  decided  effect  upon  many  cases  of 
pyorrhea  alveolaris,  and  under  that  treatment  alone  the  disease 
may  disappear;  the  nature  of  its  therapeutic  actiop  is  not  yet  clear, 
ind  does  not  necessarily  indicate  any  etiological  relationship. 


£NBOLnviAX  NANA  (Wenyon  and  O'Oonnor,  1917}  Burg,  1918 

{A7n<Lba  limaXf  Wenyon,  11)16.  EnUimaba  nanu,  Wenyon  and  O'Con- 
nor, 1917.  Endolimax  iiitejtUnalLt,  Kueneu  and  BweUengrebel, 
1917.) 

This  organism  was  first  described  in  1917  by  Wenyon  and  O'Con- 
nor, by  Swellengrebel  and  Mongkoe  Winoto,  by  Kuenen  and  Swel- 
'engrebel  and  by  Dobell  and  Jepps.  The  last  mentioned  authors 
believe  it  to  be  the  commonest  inhabitant  of  the  human  bowel.  It 
is  agreed  by  all  investigators  that  it  is  not  pHlhogonio  and  that 
its  principal  importance  is  due  to  the  possibility  of  confusing  it 
with  E.  histolytica.  In  the  vegetative  stage  it  is  quite  small,  usually 
measuring  6  to  12  microns  in  diameter.  It  usually  contains  food 
vacuoles  filled  with  bacteria  but  no  blood  cells  and  never  contractile 
vacuoles.  Its  movements  are  sluggish,  resembling  those  of  E.  coll, 
the  differentiation  between  ecto-  and  cndoplasm  is  not  clear  cut 
and  the  pseudopods  are  few  and  biimt.  Outside  the  body  all  move- 
ment soon  ceases. 

The  nucleus  is  seen  wiih  difficulty  in  the  living  specimen  but 
when  the  organisms  are  properly  fixed  and  stained  with  iron 
hacmntoxylin  the  nucleus  becomes  the  most  characteristic  feature 
of  the  parasite.  It  is  vesicular  and  1  to  3  microns  in  diameter 
averaging  between  2  and  2.5  microns.  The  karyosome  is  large  and 
pleomorphic.  It  consists  of  a  principal  mass,  which  is  excentrically 
located  and  provided  with  few  or  many  lobes,  which  are  often 
almost  detached  from  the  main  body,  being  connected  only  by  a 
narrow  isthmus.  It  is  necessary  to  have  well  differentiated  stains 
or  the  details  of  structure  will  be  overlooked. 

If  the  stool  is  not  fresh  the  amoebae  may  degenerate  and  the 
nucleus  present  quite  a  different  appearance;  the  segments  of  the 
karyosome  can  no  longer  be  dislinguishcd  and  the  total  mass  may 
come  to  lie  on  the  outer  ring  of  chromatin  granides.  giving  riso 
to  a  signet  ring  appearance.  It  is  liest  therefore  to  obtain  the  fresh- 
est possible  material  for  study, 
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Cysts. — Before  encystment  the  parasite  extrudes  all  food  par- 
ticles and  the  protoplasm  becomes  clear,  all  movement  ceases  and 
the  parasite  assumes  a  round  or  oval  form  and  the  secretion  of  a 
cyst  wall  begins.  The  mature  cyst  has  four  nuclei,  whose  internal 
structure  resembles  that  of  the  vegetative  form;  that  is.  there  is  a 
karyosome  made  up  of  a  central  mass  and  more  or  less  detached 
lobules  of  chromatin.  There  are  no  chromatoid  rods  in  the  cytoplasm 
as  in  histoljiicA  but  there  are  granules  which  give  the  staining 
reactions  of  volutin.  In  iodin  solution  the  cysts  are  stained  yellow ; 
in  some  may  be  noted  maases  of  glycogen,  but  this  substance  is 


fy^ 


w 


a  &  c  d 

Fio.  130  — ExDOLiMAX  Nana.  This  figure  oontaina  figuns  Noe.  23,  25,  26  and  27  of 
plate  No.  2,  Dobell's  "Amcpbae  Living  in  Man  *'  The  first  figure  on  the  left 
repraseotiii  an  active  amceboid  form.  The  next  throe  show  tintnucleaie,  binu- 
cleatc  and  quadrinucleatc  (mature)  cyEta,  respectively  Plate  11  of  "Amcrbs 
of  Living  Man"  by  Clifford  Dobetl,  publiRhed  by  John  Bale,  Sons  &  Danielsson, 
London. 

commoner  in  the  vegetative,  precystic  and  young  cysts  than  in  those 
which  are  mature. 

Pathogenicity. — It  is  not  believed  that  the  parasite  causes  any 
disease;  it  may  however  be  found  in  connection  with  histolytica  and 
thus  cause  confusion.  No  treatment  so  far  given  has  had  any 
influence  on  the  organism. 


lODAMCEBA  BUTSCHUI  (Prowazek,  1912,  Emend.  Dobell,  1919) 

{Eniamahd    hiitschliif    Prowazek,    1912.     Iodin   CysU   or   l.    Cysts, 
Wenyon,  1916.    Pscu<ioHmaXf  Kuenen  and  S>^ellengi'ebel,  1917.) 

Wenyon  in  1915  described  quite  briefly  some  spherical  bodies 
containing  an  inclusion  which  stained  with  iodin  solutions.  Later 
he  called  these  I  or  iodin  cysts  and  under  that  name  they  hare 
been  recognized  by  many  as  not  very  rare.    Tliey  are  alT»»»»"  ^ 
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in  connection  witl»  some  oth(»r  annrba  arnl  novor  alnno,  hut  it  is 
not  bolievod  that  tlioy  have  any  patholoirieul  imjiorlancr. 

Until  recently  tho  vcgotativr  stajre  had  not  Iwon  rcc»«!iizi'd.  hul 
in  V.)V.}  Dohell  puhlishod  a  coiiiplotc  doHcnption.  ulid  i<lriit)fird  thi* 
parasite  with  thi-  one  ineoinplctt'ly  dos<?rihod  by  Prownxok  an  Rn- 
tamceha  biitHchlH  in  1012. 

In  Ki/.r  tlu'  oririniKin  \h  Krnall,  Av«'mging  9  to  13  inkronfl,  and  it 
roBombh'M  K.  coli  in  Kenoral  appearance  pxeopt  that  the  nwolcuH  Ik 
almoRt  if  not  quite  invisible,  pnrticiilnrly  in  or^niHmH  with  food 
vacuoles  filled  wiih  hnctrrin  and  Kninnlur  ma1t**r. 

In  stained  specimens  the  structure  of  the  nucleus  sorvps  to  dis- 
tin^ish  it  from  other  intestinal  amcpbffi.  The  nuclciut  is  vesicular 
and  contains  a  rdulivcly  larjjre  kiiryosomc^  onu-thlrd  lo  onc-lmir  the 
diaiuctpr  of  the  nucloufl.  Between  the  karyOHouH-  and  the  well 
developed  mif^Ieap  membrane  lies  a  row  of  tfrflnules  of  peripheral 
cliromntin  wliich  Dohell  lias  succeeded  in  countcrstaining  with  e<t«in 
\u  well  differentiated  hematoxlyn  prcparatiors.  It  is  the  presence 
of  tliis  larjre  karyosome  and  the  layer  of  pcriphornl  <'hronialin  d(»t« 
that  permit  the  differentiation  nf  the  organism  from  E.  coli;  the 
two  orgnrdsmB  arc  alike  in  their  food  habits. 

The  cysts  arc  peculiar  and  quite  unlike  those  of  any  other 
inteHiinul  nmrelwc.  In  shapo  they  are  irregular  although  some  are 
round  or  oval.  In  measuring  them  Dohell  averaged  the  two  prin- 
cipal dinu'tisions  and  fimnd  thai  the  average  size  is  !J  or  10  mierona, 
with  extreme  of  fi  to  16  uncrons.  The  nucleus  of  the  cy«ts  is  single, 
and  18  distinfcuished  by  having  the  karyosome,  whi<;h  ha»  n1r«^ady 
Ih'CU  described,  pass  to  the  periphery  and  come  to  rest  against  the 
nuclear  memhranc,  giving  rise  to  a  wi-ll  marked  signet  ring  appear- 
ance. Peripheral  granules  of  chromatin  may  Mill  be  made  out  In 
well  s*ained  Hpreimms.  Oecnsinnal  cysts  may  have  two  nuclei  but 
they  may  be  Interpreted  in  the  same  way  that  we  interpret  more 
than  the  usual  number  of  nuclei  in  E.  histolytica  and  coli,  aa  an 
abnormality. 

The  iodin  maaAcs  in  the  eyKt«  which  give  thw  organism  its  name 
are  well  brouglit  out  by  staining  the  fresh  specimens  in  iodin  solu- 
tion. As  a  rule  the  glycogen  mass  is  single,  large  and  has  well 
defined  hordera.  but  its  apjioarance  varies  with  its  age;  the  precystic 
amu7hu  shows  merely  a  diffuse  brown  stain,  older  specimens  appear 
as  above,  althougli  occasional  specimens  may  show  more  than  one 
iodin  staining  mass.  Tliroughout  the  pytoploAm  may  be  seen  granules 
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of  volutin  and  the  gi-aiuil08  iucroaso  in  viflftbility  as  encystmoutl 
proceeds,  m- 

The  cysts,  like  those  of  other  anifrbcB,  4.-  n.ri  withstand  drying 
but  they  remain  alive  in  feces  or  water  for  two  or  three  weeks 
without  undergoing  any  fiu'thcr  development.  ^ 


30 


89  40  4t  43 

Fio.  131. — IoDAM(EBA  BCtschlii.  Takfii  from  DobeU  as  above.  The  nurocfa! 
on  the  plate  iire  Dol>oirs  tigure  mimbere.  Xos.  35  and  30  rcprewnt  prerj'stic 
amoeba;.  Obwrvi?  cbatigt.'A  taking  place  in  niirlrar  i*Lructurp,  freedom  f-orn 
cytoplaAiiiic  induHiutiH,  etc  Nn.  'M  in  ao  organisni  jtiHt  (•ncyHtit.',  volutiu 
granules,  pink  in  eytcplai^iii,  biiulU  clear  spucv  reprt^'nting  glycogen.  No.  30' 
18  A  nrnture  cyst,  large  red  glycogen  maw,  N\m.  40,  41  and  42  are  mature  cyMttf] 
thowiiig  typical  structure  of  nucleus,  volutin  grunulcs  and  gly^^K^'n  vacuole. 
Xos  41  and  42  are  cj'sU  of  irregular  shape  often  formed  by  this  species  and  not 
aftifacta.  Plate  II  of  "Ama-bip  of  Living  Man"  by  CUfford  Dobcll,  puliUHhed 
by  .John  Bale,  Sons  &  Daniclsson.  London 

This  parasite  has  been  found  in  the  healthy  as  well  as  in  dysen-; 
tery  eases  and  there  is  no  fvidince  that  it  has  any  pathogenic 
power,  it  disappeared  under  the  administration  of  emetin  and  in^ 

this  point  iilonr  rrsmildrs  Tv  hislolvliea. 
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DIENTAMCEBA  FBAGILIS  (Jepps  and  Dobell,  1918) 


This  is  the  only  species  of  the  genuB  and  was  discovered  and 
described  by  Dobell  and  Jepps  in  1918,  although  it  is  probable  that 
Wenyon  saw  but  did  not  describe  it  in  1909. 

Only  eight  eases  of  proved  infection  are  known,  although  it  is 
probable  that  it  is  commoner  than  this  would  lead  one  to  suppose 
sinco  the  organism  dies  quickly  and  the  deijenerated  forms  3ro 
soon  unrecognizable.  It  is  quite  small  the  average  size  being  8  or  9 
microns  with  extremes  of  3.5  to  12.  The  ec'o-  and  endoplasni  is 
sharply  di£fercntiated  and  the  pseudopods,  consist  almost  entirely  of 
ectoplasm.  The  cytoplasm  contains  food  vacuoles  filled  with  bacteria 
but  no  red  cells  are  ever  seen;  the  organism  is  probably,  therefore, 
a  pure  saprophyte  and  without  pathological  importance. 

The  nucleus  is  characteristic  and  is  typically  double,  although  a 
few  examples  with  only  one  nucleus  have  been  seen.  The  nucleus 
varies  in  size  with  the  size  of  the  cell ;  its  nuclear  membrane  is 
delicate  and  free  from  chromatin  particles.  AH  tlic  chromatin  of 
the  nucleus  is  accumulated  in  the  central  karyosome  where  it  consists 
of  a  number  of  granules  of  varying  distinctness  all  imbedded  in  a 
linin  Lctwork.  The  discoverers  believe  that  the  cell  grown  to  full 
size  and  then  divides  into  two  uninucleate  daughter  ce!ls»  which 
increase  in  size  and  the  single  nucleus  divides  into  two.  Up  to  tho 
present  time  no  cysts  have  been  found,  and  in  this  it  possibly 
resembles  E  gingivaKsj  in  which  the  presence  of  cysts  is  still  doubtful. 


CHAPTER  LV 


CLASS  II— MASTIGOPHORA  (DIESING) 

SUB-CLASH— PLAGELLATA  (COHN  EMEND.  BUTSCHU) 

ORDER    I— POLYMASTIGINA    (Blochmann) 

These  are  flagcllalbs,  possessing  three  to  eight  flagclla. 

Tecktiic  of  the  examination  for  intestinal  fiagellates:  It  is  not 
necessary  to  administer  a  cathartic  unless  motile  vegetative  forms  are 
desired;  cysts  are  found  in  fonncd  stools.  Small  particles  of  feces 
are  mixed  with  a  drop  of  water,  or  dilute  stain  and  the  slide  is 
examined  with  a  high,  dry  lens,  after  a  cover  glass  has  been  applied. 
The  stain.s  most  used  are  Gram's  iodin  and  dilute  eosin ;  the  iodin 
besides  staining  the  parasite,  colors  the  iodophilic  inclusions.  Thin 
smears  may  >>e  stained  with  iron  hematoxylin  and  with  eosin  methylene 
blue  mixtures. 

The  flagellates  may  be  cultivated  on  media  used  for  the  cultural 
amoBbffi. 

ClENtrs  1. — Trichomonas  (Donne,  1837). — These  have  pyroform 
(pear-shaped)  bodies,  rounded  in  front  and  tapering  to  a  point 
behind,  provided  with  throe  long  flagella,  often  matted  together  at 
the  anterior  end.  An  internal  supporting  structure,  known  as  the 
axial  filament  or  axostyle,  is  present.  There  is  an  undulating  mem- 
brane bordered  by  a  trailing  flagelhim  that  begins  anteriorly  and 
runs  obliquely  backwards. 

Trichomonas  vaginalis  (Donn6). — The  organism  is  fifteen  to 
twenty-five  microns  long  and  seven  to  twelve  wide;  it  is  pro\'ided 
with  three  flagella  and  an  undulating  membrane.  It  is  found  in 
the  vaginal  secretion  only  wlien  it  is  acid,  and  in  three  instances 
it  has  been  transmitted  to  the  male. 

Trichomonas  intestinalis  (R.  Leuekard,  1879). — This  parasite  is 
practically  indistinKiiishable  from  Trichomonas  t^aginalis.  It  occurs 
in  the  small  intestine  and  appears  in  the  stools  during  diarriieal 
attacks,  but  is  probably  non-pathogenic.  It  is  readily  found  in  the 
'ntestine  and  colon  of  mice  and  guinea-pigs.     In  fresh  speeimena 
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(protected  with  a  eover  glass  and  vaseline)  it  is  actively  motile, 
but  the  undulating  membrane  is  difficult  to  detect  ui.ti!  the  move- 
ment has  slowed  down. 

The  presence  of  cystic  forms  has  been  questioned,  and  two  quite 
different  forms  have  been  called  resistance  or  daucr  cysts.     The 

earlier  one,  described  by  Ueke  (1908), 
Bohne  and  von  Prowazek  (1908),  and 
Benson  (1910).  is  a  fairly  large  body, 
allowing  a  double  contour  and  a  central 
homogeneous  nia.ss.  pcrhnps  food  mntcrial. 
and  an  outer  ring-like  body  containing 
two  or  more  nuclei,  Brumpt  and  Alexicflf 
ht'lieve  this  form  to  Im>  a  fungus,  having 
no  relation  to  the  trichomonad,  and  have 
called  it  "Blastoeystis  hominis."  Lynch' 
agrees  with  these  authors,  and  describes 
an  altogether  different  body  as  the  i-e- 
sistaut  fonn.  It  is  six  by  eight  microns 
in  size  and  perfectly  symmetrical  in 
shape.  The  wall  is  distinct,  and  there 
is  n  clear  space  between  it  and  the  body 
of  the  parasite.  The  nucleus,  undulating 
membrane  and  ilagella  remain  visible  in 
the  cyst,  but  Lynch  was  unable  to  detect 
any  change  iu  the  parasit**  indicating  in- 
tracyslic  multiplication. 

Infection  takes  place  probably  by  con- 
tact, and,  as  in  typhoid  fever,  food,  tmgers  and  flics  carry  the  resistant 
fornis  from  one  individual  to  another.  Among  the  natives  of  tropical 
countries  infection  is  almost  universal,  but  the  parasites  arc  rarely 
seen  in  the  large  cities  of  the  North. 

Gkkub  2. — Tetrajnitis  mesnili  (Wenyon,  1910). — Macrostoma  m««- 
nUi,  Ckilomastix  memili,  Fanap^tjHa  inie^'itinalU.  This  organism,  first 
described  by  Wenyon,  from  a  native  of  the  Bahamas,  differs  from 
trichomonas  by  the  possession  of  a  deep  groovo  or  cystoslomc,  in 
which  is  found  the  undulating  mcnibrani'.  It  is  present  in  diarrheal 
discharges,  hut  its  pathogenicity  is  doubtful. 

Gkn'us  3.— Giardia  intestinalia  (synonym,  Lamblia  intestinalis). 
— The   giardia  arc   bilatnally  hvinmetrical,  pear-shaped  organisms, 


Fro.  132. — TRicHOMONAfl  In- 
testinalis. (After  Bmmpt, 
**  Prtris  de  Pamsitologie, " 
1914  ed.) 


■  Ljf^oh,  Kenneth  M.,  Jour.  Parasitol.,  Urbvia,  1916,  iit,  28. 
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provided  with  a  sucking  disk  anteriorly.  There  are  eight  pairs  of 
flagella,  the  two  posterior  ones  being  continuations  of  longitudinal 
axostyles.  The  nucleus  is  first  diunb-bell  shaped  and  later  divided 
into  two  separate  nuclei.  Cysta  are  found,  and  according  to  Schau- 
dinn  conjugation  occurs  in  them  with  the  development  of  four 
nuclei.  The  young  parasites  attach  themselves  to  the  surface  of 
epitlielial  cells  of  the  small  intestine  by  the  sucking  disk,  but  even 
when  present  in  large  numbers  do  not  produce  any  characteristic 
symptoms.  Giardia  infestation  is  quite  common  in  children  in  the 
United  States,  and  not  uncommon  in  adults.    Maxcy*  found  20  per 


Fig.  133. — Lambua  XNTSsrurAUS.  ~  Ojrrt  formation.    (After  Doflein,  "Lehrbucb der 

Protosoenkunde.") 

cent  of  children  infested  and  Eofoid  found  6  per  cent  of  young 
healthy  soldiers  harboring  the  parasite.  The  same  or  like  parasites 
are  present  in  mice,  rats,  dogs,  cats,  and  sheep.  Transmission  is 
by  contact,  as  in  trichomonad  infections. 


ORDER   n— PROTOMOKADINA 

The  Protomonadina,  another  order  of  the  Flagellata,  have  less  than 
three  flagella,  and  are  divided  into  the  Cercomonadidm,  Bodonid<e  and 
the  Trypanosomid<B. 

Genus  1. — Ceroomonadid8&— Oercomonas  hominis  (Davaine, 
1854). — As  originally  described,  this  organism  has  a  pear-shaped  body, 

•Mmcp,  Kenneth  F.,  Johns  Hopkins  Hospital  Bnll.,  1921,  32,  166. 
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drawn  out  to  a  point  posteriorly,  in  armed  with  a  single  flapcllum  in 
front,  and  has  no  undulating  membrane.  It  is  a  doubtful  species  and 
of  no  present  importance. 

trENUs  2. — Bodonidae — Prowazekia  (liartmann  and  Cliagos). — 
These  organisms,  the  only  examples  of  the  Bodonidtt  of  niedieal  inter- 
est, are  of  some  importance,  since  they  have  been  cultivated  from 
human  feces  on  agar  plates.  The  genus  was  founded  for  Prowazekia 
cruzif  a  species  discovered  in  human  feces  in  Brazil.  Other  species  are 
wnnaWa,  a-siahcaf  parva^  weinbergi  and  javanensis.  There  arc  two 
flagella.  arranged  in  the  heteromastigotc  manner,  that  is,  one  flagellum 
l)rojects  forward  and  one  trails  behind.  There  is  no  undulating  mem- 
brane, but  in  stained  specimeas  a  second  nucleus  is  seen,  the  kineto- 
nucleus  or  blepharoplast.  They  are  also  found  in  water,  and  are 
probably  not  the  cause  of  any  disease. 

Genus  3. — Trypanosomidae. — History  of  ihe  genus. — In  1841  Val- 
entine discovered  the  fii-st  hemoflagellate  in  the  blood  of  a  trout  now 
known  as  TrypauopJasma  valeniint*  and  the  following  year  Gruby 
described  a  llagellate  in  frog*s  blood  and  named  it  a  *'trypanosome." 
It  was  not  until  1878  that  Lewis  discovered  the  rat  trypanosome, 
Trypanosoma  lewisi.  The  first  jiathogenic  member  of  the  genus  was 
noted  by  Evans  in  1889  in  the  blood  of  Indian  horses  sick  with  surra, 
Trypanosoma  evansi.  Bruce  in  1894  described  the  trypanosome  of 
Nagana,  Trypanosoma  hrucei  a  horse  diseahe  of  Zululand,  and  also 
demonstrated  its  transmission  by  the  tsetse  fly,  glo.'isina  palpalia.  In 
1894  to  1899,  Rouget,  Schneider  and  Buffard  found  the  trypanosome 
of  Dourine.  or  ''mal  dc  colt,"  among  Algerian  horses.  Elmassian 
described,  in  1901 ,  the  South  American  horse  disease,  *'mal  de 
caderas,"  and  discovered  the  parasite,  Trypanosoma  equinum.  Since 
this  time  a  large  number  of  new  species  have  been  discovered,  the 
more  important  of  whiuh  will  be  described. 

Morphology. — The  morphology  of  the  trypanosomes,  while  subject 
to  many  variations  in  detail,  is  still  uiiil'urm  as  to  the  characteristics 
of  the  genus,  so  that  there  is  little  difficulty  in  immediately  recognizing 
the  parasite.  The  bmly  is  long  and  sinuous,  tapering  anteriorly  to  a 
fine  point  called  the  flagellurn ;  the  posterior  end  is  never  so  delicate 
and  is  often  quite  blunt.  All  contain  two  nuclei,  the  larger  being 
called  the  trophonucleus  and  the  smaller  the  kinetonucleus.  The 
trophonucleus  is  usually  located  midway  in  the  length  of  the  body. 


•  Oauthier,  M.  C.  B.  Aoaii.  Sci.,  1920,  170,  es. 
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and  the  kinetonucleus  behind  it,  often  at  the  posterior  extremity.  The 
flagellum  arises  from  a  centriole  (blepharoplast),  which  is  located 
close  to  or  in  the  kinetonucleus,  and  quickly  reaches  the  surface  of  the 
body,  when  it  turns  forward  and  forms  the  border  of  the  undulating 
membrane,  a  thin  fold  of  peribUist  running  the  entire  length  of  the 
body,  and  is  often  continued  further  forward  as  delicate  filament. 
During  life  the  undulating  membrane  has  a  constant  wave-like  motion. 

Transmission  from  one  animal  to  another  is  usually  by  means  of 
some  blood-sucking  invertebrate.  Two  possible  forms  of  transmission 
have  been  recognized,  the  direct  and  indirect  or  cyclical;  the  direct 
form  is  used  in  the  laboratory  when  transferring  blood  with  a  hypo- 
dermic synnge  from  an  infected  animal  to  a  healthy  one,  and  it  also 
occurs  in  nature,  although  not  so  frequently  as  the  second.  Dourine, 
or  mal  de  coit,  is  the  best  example  of  the  natural  direct  method.  The 
cyclical  method  fe  exemplified  in  the  transmission  of  Trypanosoma 
lewisi  by  the  rat  flea,  Ceratophyllus  fasdaius,  in  which  insect  the 
trypanosome  passes  through  a  complicated  life  cycle.  Whether  the 
parasite  in  the  insect  ever  passes  from  parent  to  ofiEspring  is  still 
doubtful.  Among  fishes,  reptiles  and  amphibians  the  parasites  are 
carried  by  leeches,  in  whose  intestinal  tract  they  undergo  a  cycle  of 
development. 

Just  as  in  malaria,  there  is  usually  an  alternation  of  hosts,  from 
invertebrate  to  vertebrate,  a  part  of  the  life  cycle  being  passed  in  each. 
In  the  blood  of  the  vertebrate  is'  found  the  fully  developed  trypano- 
some, and  in  the  intestinal  tract  of  the  invertebrate,  crithidial  and 
trypanomonad  types,  which  are  characterized  by  having  the  kineto- 
nucleus placed  in  front  of  or  close  beside  the  trophonucleiis  and  by 
having  a  rudimentary  undulating  membrane. 

Cultivation, — In  1903  Novy  and  MaeNeal*  first  obtained  pure  cul- 
tures of  trypanosomes  on  artificial  media.  The  medium  devised  by 
them  is  prepared  by  equal  parts  of  nutrient  agar  and  defibrinated  rab- 
bit blood.  After  the  agar  has  been  melted  and  cooled  to  about  50° 
C.  an  equal  quantity  of  rabbit  blood  is  added,  mixed  and  allowed 
to  cool.  "The  tubes  thus  prepared  are  allowed  to  set  in  an  inclined 
position,  after  which  they  are  at  once  inoculated.  It  is  essential 
that  the  surface  of  the  medium  be  moist  and  soft,  and  if  this  is 
not  the  case,  the  tubes  should  be  placed  in  an  upright  position  until 
some  water  of  condensation  accumulates  at  the  bottom.    The  initii 


*Novy  and  MacNeah  Ooutrib.  Med.  Beseareh   (Vaugban),  Ann  Arbor,  190i 
p.  549. 
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culture  usually  requires  a  week  or  more,  although  not  inirequem 
fairly  rich  fi^owths  may  be  obtained  in  three  or  four  days"  (Novy). 

Trypanosoma  rotatorium. — (^rruby  described  and  named  this 
hemotiagcllatt'  in  1H43,  and  it  is,  therefore,  tlie  typo  species  of  the 
genus.  The  organism  is  widely  distributed  throughout  the  world, 
and  is  found  in  Rana  fjiculenta,  Rana  temporaria  and  IJyla  arhorca; 
the  organisms  are,  however,  not  vei-y  numerous  in  any  single  frog. 
It  is  most  often  found  during  the  spring  and  summer  months,  rarely 
in  winter. 

Morphology. — Both  body  and  undulating  membrane  are  bi-oad, 
the  cytoplasm  is  granular,  and  toward  the  straight  side  shows  stria, 
probably  indicating  the  presence  of  myouemea.     The  trophouucieus 


mi 


^ 
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134. — TaTPANOsoMA   RoTATORirM    IN    Bloud   OF    Frou.     fAftcT   MacNe*] 
"Patbogenio  Microorganisms,"  published  by  P.  Bliikiaton's  .Son  4  Ctv) 

Is  large,  lies  near  the  middle  of  the  body  and  near  the  undulating 
membrane;  the  kinetoiiucleus  is  smaller,  lies  posteriorly  and  stains 
deeply;  the  flagellum  whieh  onginatea  near  the  kinctfinuekLus  turns 
forward,  forming  the  border  of  the  undulating  men»brauc,  and  is 
continued  forward  as  a  short  flagellum.  The  posterior  end  is  usually 
drawn  out  to  a  stubby  point.  The  fully  developed  organism  is  large, 
being  40  to  80  microns  long  by  5  to  40  wide.  One  striking  tiling 
about  this  parasite  is  its  tendency  to  pleomorphiam. 

Multiplication  in  the  blood  stream  of  the  frog  is  by  binary  fission ; 
in  addition,  a  fonn  of  multiple  division  occurs  in  the  viscera,  pro* 
ceded,  according  to  Machado,  by  conjugation  of  sexually  differen- 
tiated forms.  The  merozoStes  libiratod  from  the  mother  cell  arc 
small  trypanosomes.  which  in  turn  \;rt\yf  to  lar^e  size,  thus  explaining 
the  pleomorphism  of  the  parasite. 
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^1  Ciiltures  have  been  obtained  by  Lewis  and  Williams  on  the  blood 

\r  of  Novy  and  MacNr-ul  in  which  a  BTcat  variety  of  forms  may 
be  Been;  the  method  of  trauHiuission  ia  unkown,  bat  the  infection  is 
probably  oonveyod  by  leoelu-s.  Many  other  trypanosomcs  have  been 
found  in  fishes,  frogs,  and  reptiles  all  ovur  the  world. 

Trypanosoma  lewiai  (Kent). — This,  one  of  the  longest  Icnown  and 
commoueht  forms,  ims  been  studied  more  completely  than  any  otJier 
organism  of  its  elai«,  It  oer.m*s  in 
a  large  proportion  of  rats  through- 
out the  world,  twenty-five  to  one 
hundred  per  cent  being  infeeted, 
and  since  it  is  non-pathogenic,  it  iu 
a  convenient  organism  for  research. 
It  may  h*}  j>as-"*ed  frnm  wild  to 
white  rats  withont  difficulty,  by  in- 
oculating the  latter  with  a  small 
quantity  of  citratcd  blood  contain- 
ing the  organisms.  At  tirst  the  para- 
sites are  few,  hut  after  the  kpse 
of  three  or  four  days^  large  numbers 
mtiy  be  found ;  the  condition  of 
rapid  nudtiplication  lasts  from  eight 
to  fourteen  days,  and  is  succeeded 
by^  a  period  of  a  month  or  more» 
iluring  whioh  time  the  parasites 
gradually  diminish  in  number,  finally 
disappearing  completely,  rendering 
the  animal  immune  from  further  infection,  the  immunity  being  com- 
plete. The  serum  of  an  immune  rat  has  a  certain  protective  power, 
and  when  inoculated  sinmltantously  with  blood  contHJiiiug  trypimo- 
somes,  may  prevent  the  infection.    No  other  animals  are  susceptible. 

The  blood  should  be  examined  in  both  fresh  and  stained  spoci- 
mens.  In  fresh  specimens,  because  of  the  rapid,  lasliing  movements 
of  the  paiasite,  the  organisms  are  particularly  easy  to  find.  The 
details  of  strueture,  liowever,  do  not  appear  except  in  spreads 
stained  with  some  of  the  modifications  of  the  Komanowski  stain, 
such  as  ^V'right*8  or  MacNeal's. 

In  the  adult  stage  the  organisms  are  quite  uniform  in  ttizi-  and 
shape,  being  27  or  28  microns  long  and  1.5  to  2.0  microns  bl 
the  posterior  end  is  long,  tapering  and  pointed;  the  kinetoiit 


Flo.  135. — Trvpa.vohoua  I.  e  w  i  a  f , 
(Aft^r  Doflein  atid  Minclun,  Mac- 
Ncal,  "  F'ntliugenic  Microorgan- 
iBina,"  pubUnhed  by  P,  Blaki.ston'R 
Son  A  Co ) 
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oval  and  flattened;  the  trophonucleus  is  located  near  the  anterior 
end,  and  the  undulating  mcmbranr,  whili*  distinct,  is  relatively 
narrow.  The  endoplasm  is  finely  granular,  and  l>y  careful  foeusing 
the  bodywall  or  periblast  may  be  st'cn. 

Multiplication  in  the  rat  is  rapid,  and  many  young  t'orius  are 
seen;  these  are  smaller,  stain  more  deeply,  and  vary  much  more  in 
size  than  the  adults.  Dividing  forms  are  eonimon,  the  division  being 
longitudinal  and  unequal,  the  parent  rotaiiiing  the  liagellum.  ilul- 
tiple  division  also  oeeui%  resulting  in  the  production  of  rosetlos, 
whose  structure  suggests  that  repeated  longitudinal  division  ban 
occurred  without  the  separation  of  the  daughter  cells. 

The  insect  hosts  are  two:  the  rat  flea,  CfroiopkyUum  fasciatuSj  and 
the  rat  louse,  Tlamaiopiinis  spinHhsus;  the  former  being  the  right 
host  and  the  latter  the  wrong  one,  since  in  it  development  is  incom- 
plete. Minchin  and  Thompson^  have  studied  the  cycle  in  the  flea 
which  is  briefly  as  follows:  When  the  injected  blood  and  parasites 
reach  the  midgut  of  the  flea,  the  tryponnsomes  h)se  their  llcxibility 
and  become  more  or  less  rigid,  and  arc  able  to  penetrate  the  outer 
f^rall  of  the  epithelial  cells  of  the  stomach.  Onee  inside  the  cell, 
the  parasite  folds  upon  itself  and  grows  to  large  sixc ;  the  nuclei 
multiply,  the  body  becomes  si)hcrical  and  divides  up  within  its  own 
periblast  into  six  or  eight  daughter  cells,  all  actively  moving  within 
their  common  envelope.  This  becomes  tense  and  finally  bursls, 
liberating  the  young  trypanosomcs  within  the  cpitlit  lia]  c<'ll,  th!*o\igh 
whose  wall  they  soon  escape  into  the  lumen  of  the  stomach.  Thift 
form  of  multiplication  may  Ix*  several  times  repeated,  after  which 
the  young  trypanosomcs  pass  down  the  intestine  to  the  lower  end 
to  begin  the  rectal  phase.  There  the  parasites  in  large  numbers  are 
found  attached  to  the  epithelial  cells  l)y  their  flagi'lla.  Kapid  mul- 
tiplication takes  place  by  repeated  fisliiion  and  the  parasite  becomes 
crithidial  in  form,  that  is,  it  loses  its  undulating  membrane,  becomes 
short  and  stubby,  and  the  kinetonucleus  moves  forward  close  to  or 
•in  front  of  the  trophonucleus.  Ultimately  some  change  back  to 
^minute  trypanosomes,  and  these,  when  regurgitated  or  passed  in 
the  feces,  serve  to  infect  the  next  victim.  The  rectal  phase,  when 
once  established,  lasts  for  several  months  or  perhaps  indefinitely, 
making  every  infected  flea  a  chronic  carrier. 

Trypanosoma  evansi. — Hurra  is  a  disease  of  horses  and  mules. 
camels,  elephants,  liuffaloeH,  and  dogs,  which  prevails  in  India  and 


^Mwchitt  and  Thompaon,  Qaarter 


8c..  Lond.,  1915,  Ix,  403. 
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otlior  parts  of  Asia,  and  also  in  the  Philippines  and  Xorthern  Aus- 
tralia. The  Philippine  outbreak  was  traced  to  animals  rolurned 
from  China  after  tho  Boxer  outbreak;  for  at  that  time  American 
troops  came  into  contact  with  native  Indian  troops  and  their 
animals. 

Tho  trypanosomc  eaiising  the  disease  was  discovered  by  Evans 
in  1880.  Tho  clinical  course  of  the  disease  is  marked  by  an  irregular 
recurring  fever,  with  many  remissions,  during  which  the  parasite 
cannot  he  demonstrated  in  the  blood,  although  it  is  not  difficult  to 
, &d  during  the  febrile  period.  The  animal  is  anemic,  weak, 
maciated,  and  may  show  an  ceehymotic  eruption  on  the  abdomen. 
The  course  of  the  disease  may  be  either  short  or  long,  but  leads 
almost  invariably  to  death.  In  camels  it  lasts  from  two  to  four  years, 
often  williout  symptoms  until  near  titc  end,  and  these  animals  prob- 
ably net  as  chronie  carriers. 

Morphohgy. — Morphologically,  tlie  parasite  Ls  very  like  the  Tryp- 
nnosnma  brucei  of  Nugana,  yet,  as  a  rule,  the  trt)j)houut:leus  lies  nearer 
the  anterior  end  than  in  brueci.  although  it  may  be  impossible  to 
distinguish  in  smears  between  the  two. 

The  disease  is  carried  by  biting  flies,  iabanidw  and  siomoxys,  and 

r)  by  fleas. 
Trypanosoma  bnioei. — Xagana  is  a  well-known  horse  and  animal 
(Bsea.se  of  Africa,  which  causes  an  enormous  economic  loss  and  lias 
greatly  interfered  with  the  development  of  tlie  country.  The  parasite 
was  discovered  by  Bruee  in  1895.  Among  the  natives  it  is  known 
as  tsetse  fly  disease,  and  investigation  has  incriminated  Olossina  mor- 
sUniia  as  the  earner.  Clinically^  the  disease  in  horses  is  much  like  the 
Surra  of  India;  the  native  name  for  the  disease,  nagaua,  means  weak- 
ness. Nearly  all  the  larger  animals  are  susceptible  to  either  natural  or 
artificial  infection,  yet  rnan  Ls  a|)parently  immune. 

Morphology. — Morphologically,  it  i-esembles  closely  most  of  the 
other  i»athogenie  trjpnnosoines.  and  Minchiii  mnkes  it  tlie  type  of  a 
group  of  pathogenic  tr>7>anosomes,  all  closely  resembling  one  another 
ami  possibly  descended  from  one  common  ancestor:  the  group  consists 
of  bntc^i,  gambicnse,  fvan^t\  equiprrdiim,  rhodesiense^  and  hipp'u-um. 
The  organism  is  less  slender  than  Iru^-Ui  and  has  a  wider  undulating 
membrane.  The  posterior  end  is  relatively  short,  the  trophonncleus 
lies  in  the  middle  of  the  l)odY  and  the  kinetonncleus  at  the  extreme 
posterior  end ;  a  vacuole  is  placed  just  in  front  of  the  latter.  In  length 
the  parasite  measures  twenty-five  to  thirty-five  microns  and  is  one  and 
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9  half  to  two  and  a  half  microns  in  width;  multiplication  in  the  blood 
Btroam  is  by  binary  fission. 

Transmission  is  by  means  of  the  tsetse  fly,  Ghssina  morsitans,  and 
perhaps  GJos»ina  paUulipfiJi  and  Glossina  fusca.  The  fly  may  transinii 
the  disease  directly  after  infection,  acting  as  a  mere  mechajucai 
carrier,  but  it  is  more  probable  that  a  eyelioal  development  of  the 
parasite  takes  place  in  the  fly.  after  which  it  remains  infectious  for 

Fig.  V^. — The  Moot  Important  TaTfANoeoMea  Pababitic  in  Vkhtebrates. 
A,  Tr.  lewiai;  B,  Tr  pvansi  (India);  C,  Tr  pvanmi  (MauritiuH);  D,  Tr.  bnicci; 
E,  Tr.  equipordum;  F,  Tr.  equinum;  <7,  Tr.  dimonilum :  //,  Tr.  gumbienac. 
(X1500.)  (From  Drjflpin  aftrr  Nov>-  MarNcal.  "Pathogpnic  Mirroor- 
ganiams,"  publiaht'd  by  P.  BlakiPtonV  Son  &  C«  ) 

a  long  period.  It  has  In^en  shown  tliat  after  the  first  few  hours 
tlu*  fly  is  not  infectious  again  until  the  lapse  of  inKhtcen  days,  when 
its  bite  once  more  conveys  the  disease,  and  trypanosomcs  may  be 
found  in  the  intestinal  canal,  the  body  cavity,  the  salivary  glands 
and  in  the  proboscis.  Studies  of  the  cycle  in  the  fly  show  that 
only  about  five  per  cent  of  the  flies  permitted  to  feed  on  sick  animals 
become  chronic  carriers.  The  work  of  Bruce  and  others  has  shown 
that  the  trypanosomcs  are  more  or  less  harmless  parasites  of  the 
big  game  animals  of  Africa,  which  therefore  are  believed  to  act 
as  a  reservoir,  from  which  the  disease  is  transferred  to  the  domestic 
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animals  by  the  tsetse  fly.  The  distribxition  of  Gloseina  is  not  uni- 
form, as  they  are  only  present  in  eertain  definite  areas  ealled  lly 
belts.  Since  the  disease  does  not  spread  in  the  abscnee  of  the 
larger  niid  animals,  it  has  been  proposed  that  all  big  game  be 
exterminated  as  a  prophylactic  measure.  Mice  and  rats  are  sus- 
eeptible  and  die  in  six  to  fourteen  days  after  inoculation;  guinea- 
pigs  are  more  resistant,  and  may  show  one  or  more  relapses  within 
two  to  ten  weeks.  It  has  not  been  possible  to  immunize  larger 
animals,  although  a  certain  degree  of  success  has  been  obtained 
with  the  smaller  animals  used  in  tlie  laboratory. 

CHiltures  have  been  grown  on  artificial  media,  yet  not  so  readily 
as  with  lewisi  and  avian  trypanosomes.  The  medium  recommended 
by  MacNenl  contains  the  extractives  of  one  hundred  and  twenty-five 
grams  of  meat,  ten  of  pepton,  ^ve  of  salt,  and  twenty-five  of  agar 
to  the  liter  J  to  this  is  added  twice  its  volume  of  warm,  defibrinated 
rabbit's  blood.  The  blood  agar  slants  should  be  soft  and  moist  when 
inoculated.  Filtrates  from  cultures  are  not  toxic,  the  toxin  ap- 
parently being  liberated,  according  to  MacNeal,  from  the  body  of 
the  disintegrating  trypanosome. 

Trypanosoma  hippicum  (Darling). — The  tliseaae  caused  by  this 
trypanosome  in  horses  and  mules  has  been  known  in  Panama  for 
many  years  under  the  name  of  '*Murrina  dc  oaderns"  or  *'Der- 
rengadera  de  caderas,"  the  latter  term  being  used  when  paraly^s 
of  the  posterior  extremities  is  the  dominant  symptom;  both  names 
indicate  a  weakness  of  the  liind  quarters.  The  symptoms  are  weak- 
ness, emaciation,  and,  sooner  or  later,  conjunctivitis  and  subcon- 
junctival eeehymosis,  and  anemia.  The  horses  and  mules  affrcted 
are  obviously  weak,  and  while  in  the  stall,  pull  back  on  the  halter, 
or  stand  with  straddling  hind  legs. 

The  incubation  period  in  animals  used  for  experiment  is  less 
than  a  week,  a  few  aiximals  lose  weight  rapidly  and  die  within  a  few 
days,  others  live  for  several  weeks. 

Treatment,  ineludinjr  the  use  of  arsenical  preparations,  is  without 
effect,  and  all  infected  animals  should  be  destroyed. 

The  disease  is  apparently  transmitted  dii'ectly  by  flies,  which 
carry  blood  and  serum  from  ulcers  and  abrasions  on  infected  to 
healthy  animals. 

Morphology  of  the  Parcmte. — The  trypanosome  is  sixteen  to 
eighteen  microns  long  and  two  microns  wide.  The  kinetonucleus 
is  about   two  microns  from   the  posterior  end.   the   trophonuclcn^ 
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about  eight  to  ten  microns  from  the  samp  point.  The  posterior  end 
is  blunt  and  the  cytoplasm  usually  contains  numerous  basopbile 
granules;  the  undulating  membrane  is  well  developed  and  a 
nhromatin  filament  runs  from  the  Idnctonuelcus  to  the  tip  of  the 
flagelluni.  The  large  kini'lonucleus  distinguishes  this  organism  from 
Trypanosoma  equinum. 

Pathohgical  Anatomy, — Aside  from  the  emaciation,  edema  of  the 
belly  wall,  conjunctivitis  and  subconjunctival  ecchymosis,  there  is 
usually  excessive  fluid  in  the  body  cavities,  an  enlarpred  spleen,  and, 
Avhat  is  more  characteristic,  small  petechial  spots  on  the  capsule 
of  the  spleen  and  in  the  cortex  of  the  kidney  and  in  the  endo-  and 
pericardium  and  occasionally  on  the  pleural  surfaces. 

Prophylaxis  consists  in  the  destruction  of  all  infected  aninmls; 
the  protection  of  wounds  and  ulcers  in  otherwise  healthy  animals 
by  dressings  and,  wherever  possible,  the  use  of  fly  screens  about 
the  stables. 

Trypanosoma  equiperdum  (Dourine). — This  organism  is  the 
cause  of  dourine,  a  disease  of  horSes  and  donkeys,  which  is  usually 
transmitted  by  coitus,  but  may  be  carried  by  biting  flics,  siomoxys. 
The  organism  was  first  described  by  Rougi»t  in  18IH;  it  reseinhles 
brucei  in  many  ways  and  produces  a  progressive,  fatal  disease  of 
great  economic  importance.  Formerly  it  was  present  throughout 
the  greater  part  of  Europe,  but  is  now  almost  limited  to  the  shores 
of  the  Mediterranean.  From  time  to  time  it  has  been  introduced 
into  the  United  States  and  Canada  by  blooded  French  stallions  and 
has  spread  into  parts  of  the  Northwest. 

The  clinical  coui-sc  may  be  divided  into  a  stage  of  edema,  lasting 
about  a  month,  during  which  there  is  a  painless,  soft  swelling, 
limited  to  the  genitalia  and  the  belly  wall.  This  is  followed  by 
the  stage  of  eruption,  diu'ing  which  plaques,  or  n)und  edematous 
Pttrcas,  are  found  under  the  hide  on  the  flanks  and  hind  quarters, 
and  sometimes  on  thighs,  shouldei-s  and  neck;  this  stage  is  short, 
lasting  about  a  week.  It  is  followed  by  the  tiiird  stage  of  paralysis 
and  anemia;  the  animal  loses  flesh  and  strength,  develops  superficial 
ulcers,  conjunctivitis,  keratitis,  and  ultimately  paralysis,  leading  to 
death  in  two  to  eigliteen  months. 

The  trj'panosomc  is  found  most  readily  in  the  serous  exudate 
fj'om  the  ulcers,  as  it  is  infrequent  in  the  peripheral  circulation; 
ill  this  respect  it  resembles  the  treponema  of  lues.  The  organism 
ifl  about  twenty-five  microns  in  length  and  possesses  a  clear  cyto- 
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plaem,  free  from  granules,  except  when  propagated  in  white  mice, 
when  tht'y  an*  plentiful. 

Diagnoxix  by  Coviplcment  Fixation. — E.  A.  Watson,*  of  Canada, 
has  shown  that  it  is  possible  not  only  to  dia^iose  the  disease  when 
the  clinical  signs  are  clear,  but  also  to  detennine  the  existence  of 
its  non-clinical,  obscure  and  latent  forms.  Horses  may  tolerate  an 
infection  for  one  to  three  years,  during  which  time  they  are  capable 
of  eonveving  the  disease  and  yet   remain  normal   in   health  and 


Flo,  Ki/ — DoritiNK  .Shdwin^i;  .-w-iliiiL:  -li  t;«.-iiiUilia  and  pliiquts  on  the  akin. 
(After  Kollc  and  Watsscriiuuin,  "Handbuch  der  Fathogenen  Mikro-organinnen,^ 
2te  Aufl.,  1913J  ' 


general   appearance,   and   this   incthuil   of  diagnosis   is,    therefore, 
invaluable. 

Watson  obtains  the  antigen  by  inoculating  a  large  number  of 
white  rats  with  Trypanosoma  eqidpcrdum,  collecting  their  ^*lood  when 
teeming  with  trypanosonies,  and  separating  Ilu-Ln  fnmi  the  erylhro- 
cytes  and  plasma  by  washing  and  eentrifuging.  Each  of  ten  to 
twenty  rats  receive  0.3  c.c.  of  blood  rich  in  trypanoHomes  intrapcri- 
toneally,  and  at  about  the  end  of  the  third  day,  wlu-ii  the  organisms 
a^  yery  numerous,  the  vats  are  bled  into  citrate  sohition.     By 


*S.  A.  Watson,  Para8itok)g3*,  Cambridge,  Eng.,  19X5%  Vj 
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rtjH'ated  wadhiug  the  organisms  Qiay  be  separated,  as  a  pure  whit« 
la>'cr  overlying  the  erythrocyti's.  This  ma.sH  of  organisms  is  killed 
and  prcspn'rd  by  a  forniarni-glycorin  mixture,  after  which  its  an- 
tigenic strength  is  standardized  by  titration  in  th*'  usnal  way.  Tho 
test,  a  pure  eulture  ot  trypanosonies  being  used  as  antigen,  is  specific 
and  is  not  positive  in  any  other  disease  of  horses. 

Trypanosoma  avium. — This  parasite  was  first  deseribed  by  Dani- 
lewski  in  1880.  In  1905  Novy  and  MaeNeal''  J'tnuid  trypatiosomes 
in  8.8  per  cent. of  431  Amenean  birds.  Allliough  there  are  doubt- 
lesj  several  species,  the  most  common  is  Trypanosoma  avium,  a  para^ 


^ 


Fig.  138. — Tkypanosoma  Aviom  in  Bu)od  op  Common  Wild  Bihds.  (After  Novy 
and  Mat'Neiil.  MticNeal,  "Pathogenic  Microorgamams,"  published  by  P. 
BUkistAti's  Son  &  Co  ) 

site  twenty  to  seventy  mierous  long  and  four  to  seven  niici*ous  wide. 
They  are  found  in  the  ]>lood  over  Jong  periods  of  time  and  do  not 
appear  to  l)e  pathogenic.  Cultures  are  easily  made  and  kept  alive 
for  long  periods  by  weekly  transfcT's.  The  mode  of  transmission  is 
unknown. 

This  was  the  parasite  which  was  confounded  in  1904  by  Sehaudinn 
with  develNpmental  stages  in  the  life  eyele  of  Hemorproteus  nocfua 
and  Hemorproteus  zicmani  with  resulting  confusion  in  the  study  of 
tr>*panosomes  and  hemoc\'tozoa.  and  it  is  only  recently  that  the  error 
has  been  cenerally  acknowledged. 

Trypanosoma  gambiense  (Sleeping  Sickness). — Two  names  have 
been  given  to  the  disease  caused  by  this  parasite,  both  of  which  are 


*Novy  and  MncXeal,  Jonr.  Infect.  Dis,,  Chicago,  IOCS,  ii,  S56. 
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now  recognused  as  stages  in  one  and  the  same  infectionj  human  tryp- 
auosomiaiiis :  they  were  trypauosoine  fever,  and  ski-piuy  sickness.  It 
is  a  chronic  infection  characterized  by  fever,  lasjotude,  wt'akucss, 
waating,  and.  in  its  terminal  stages,  by  a  protracted  lethargy. 
Sleeping  sickness  andtrypanosome  fever  had  long  boon  known  in 
tropical  Africa,  and  the  disease  at  present  is  widespread  and  the 


Fig.  139. — Trvpanusoma  Avium  in  Culture  on  Blood  Agaji.  (X1500)  .  (After 
Novy  and  MacNeiil.  MarXeal,  "Pathogenic  MicroorKanisms,"  publjshwi  by 
P.  Blakiston's  Son  &  Co.) 


cause  of  tremendous  mortality.  It  is  estimated  that  one  hundred 
thousand  deaths  neeurred  dui-inp:  the  tfn  years  ^-ndinp  in  1910,  It 
Ls  endemic  in  the  lake  region  of  (V-ntral  Africa,  and  in  the  I'ongo 
basin.  It  was  early  introduced  into  Martinique  in  the  West  Indies, 
but  did  not  spread  and  has  now  died  out. 

Duttou  and  Todd  found  the  parasite  in  1901  in  the  blood  of  an 
Englishman  in  Gambia,  who  died  after  a  febrile  illness  of  two  years' 


duration;  CafitollaTii  in  1903  found  the  parasite  in  the  cerehro-spinal 
fluid  of  well-marked  cases  of  sleeping  sickness  occurring  among 
natives  of  I'ganda. 

Clinical  Signs. — The  disease  begins  with  slight  febrile  attacks, 
headache  and  increasing  weakness,  emaciation,  swelling  of  the  eyelids 
and  enlargement  of  the  lymph  nodes.  The  tomporatnre  increases, 
edema  of  the  extremities  appears  and  the  spleen  enlarges.  During 
the  la.st  stages  nervous  sj'mptoms  predominate  and  the  patient  sleeps 
day  and  night,  hut  may  have  periods  of  excitement  or  couvulsionSy 
yet  finally  sinks  into  deep  coma  and  dies  of  exhaustion. 


Fig.  140. — ^Thytanosoma  Oambievbe.    CaUdn,  *'ProtoBo6log>*." 


Etiology. — The  disease  is  transmitted  by  the  bite  of  the  tsetse  fly, 
Glossina  palpalis^  which  is  apparently  able  to  transmit  the  infection 
mechanically  immediately  after  biting  an  infected  host,  yet  in  most 
flics  the  trypanosomes  disintegrate  and  disappear  from  the  intestinal 
tnict  within  four  or  five  days.  In  from  five  to  ten  per  cent  of  the 
tlies,  however,  the  trypanosomes  multiply  in  the  intestinal  tract,  and 
after  eijrhtnen  to  fifty-three  days  they  atjain  become  infectious  and 
remain  so  for  a  long  period,  the  parasites  heing  found  regularly  in 
(he  salivary  glands  and  in  the  proboscis. 

It  is  possible  that  the  disease  is  transmitted  in  other  ways  than 
by    Olossina    palpalis;    blood-sucking    insects,    such    as    stomoxys. 
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anopheles,  mansonia  and  perhaps  fleas,  may  act  a-s  mechanical  cjirriers. 
It  is  also  possible  that  the  disease  is  transmitted  by  coitus.  "Without 
Home  such  explanation  it  is  difficult  to  understand  certain  hoxiHC 
epidemics  which  have  occurred  outside  the  fly  belts. 

The  animal  host  of  the  Trypanosoma  (jambmise  is  believed  to  be 
the  big  game  animals,  particularly  the  autclo}>c. 


h 


Pig.    141. — Tsetsb   Flt    (Glossiwa    Palpalis).     (From    Homnku,    *'  Preventive 

Medicine  aad  Hygieue.") 


Morphology. — The  organism  belongs  to  the  brucei  group,  and  its 
differentiation  uu  morphology  is  difficult,  yet,  on  the  average,  the 
posterior  end  is  somewhat  more  pmnted  than  the  brucei.  In  length 
it  varies  from  fifteen  to  thirty  microns,  and  in  thickness  fmm  one  to 
thi*ee  microns.  In  fre^h  preparations  the  motility  is  not  marked; 
both  plump  and  slender  forms  are  found  in  the  blood,  but  in  the  cere- 
bro-spiual  fluid  slender  forms  only  are  seen. 

Cultures  on  blood  agar  have  been  made  by  Thompson  and  Sinton, 
yet  they  died  out  after  a  few  Teeks,  and  were  never  virulent.  The 
pathogenicity  varies  somewhat  with  the  strain  used,  but  a]ies  are  easily 
infected.  In  white  rats  there  may  be  two  or  three  relapses  before 
death  occurs,  while  when  inoculated  with  brucei  death  follows  within 
two  weeks. 

Paihogvniciiy. — Although  cuUures  var>'  greatly  in  virulence,  it  is 
possible  to  infect  rats,  dogs  ajid  monkeys  with  a  fatal  trypanosomiasis; 
cattle,  sheep  and  goats  continue  to  show  a  few  parasites  for  months 
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aftiT  inoculation  but  without  sickening.  In  no  animal,  however,  is 
it  powible  t«  reproduce.'  the  sleeping  aekncas  stage  as  it  occnrs  in 
man. 

Trypanosoma  rhodeSiease. — This  species  was  established  by 
8tephen«  Bn<l  Fanlhara."  It  ia  transmitted  by  the  Glossina  morsitans, 
a  fly  which  h  widespread  over  large  iracts  of  country,  ind<*pendcnlly 
of  Uii^  pruscnce  of  water.  It  is  becoming  generally  recognized  that 
there  are  two  forma  of  sleeping  sickness,  one  of  which  is  caust^d  by 
this  tryijanosome.  This  form  of  the  disease  is  more  acute  and  is 
Wtm  amenable  to  treatment;  the  trypanosomc  is  also  more  virulent 
for  animals  and  may  be  differentiated  from  gambiense  on  its 
morpholoj^y.  As  both  parasites  are  found  in  the  antelope,  the  prophy- 
laxis is  the  same.  Hruce'  is  of  the  opinion  that  rhodesiense  and 
brucci  are  identical,  but  Taute  and  Huber,*  by  inoculating  themselves 
and  129  natives  with  the  blood  of  naturally  infected  animals  with 
imt  reproducing  the  disease,  seem  to  have  shown  that  the  ]>arasitee 
are  not  identicaL 

DiufjnoHU. — When  the  diseiLse  is  well  developed  in  an  endemic 
area,  the  diagnosis  is  easily  made.  During  the  early  stages  the  exami- 
nation of  the  cercbro-spinal  fluid,  puncture  fluid  from  the  lymph  nodes 
and  the  periplicrul  blood  may  all  show  the  trypanosome ;  since  the 
parasites  ure  scarce  the  use  of  the  thick  film  method  of  Ross  may  bo 
necesHurj'.  When  direct  examination  is  unslu•ce^ilit■ul.  enrichment  in 
the  blood  of  susceptible  animals,  rats  and  mice  will  establish  the 
diagnosis. 

Tnatment. — ^Treatment  is  haaed  upon  the  observation  of  Bruce 
and  Lingard.  that  arsenious  acid  is  trypanocidal.  The  best  results 
have  been  fihtained  with  atoxyl,  in  half  gram  d(>ses,  repeated  at  inter- 
vals of  \v\\  d;iys  or  more  for  not  less  than  four  iiuinths.  Light  eases 
become  trypanoson»e  free  and  are  apparently  cured,  yet  many  relapse 
on  cessation  of  tr4'ntn»ent.  Well  marked  cases  may  show  improvement 
yet  ullimately  grow  worse  and  die.  Better  results  are  obtained  when 
atoxyl  and  tartar  emetic  are  both  used  and  ab*o  when  the  treatments 
are  repeated  every  six  months.  The  successful  treatment  of  an  intract- 
able t-aw  of  gninhicnse  infection  with  stibenyl  (thi?  sodium  salt  of 
p-aootylaminophenyl-stibinic  acid)  has  been  reported  by  Manson-Bahr 


*8fitphenn  and  Fanthank.  Proo.  Hoy.  Soc.,  1910,  Ser.  B.,  Ijotxiii,  28. 

^  Hruvr,  \\\\\\,   Trop.   nia.,  lOlfi,  vii,  68. 

*  Tavkie,  U.,  nnU  Uubcr,  /'..  AbALr«cle(l  in  TvoitU^l  ))is«*aMw.  Bull.  Lont)r>nf  1920. 
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(Brit.  Me<L  Jl.,  1920,  235).  Other  arsenical  preparations  have  been 
used  but  none  are  eiUiieb'  successful.  Salvaniau  drivc^i  the  parui^ite 
from  the  peripheral  blood  but  not  from  the  cerebro-spinal  fluid.  The 
prognosis  as  to  ultimate  recovery  is  unfavorable.  The  most  hopeful 
eu>ies  are  thtis^*  whieh  are  brought  under  treatment  in  the  earliest 
stage  of  the  disease. 

Prophyluxis. — Pn-.phylaxLs  is  quite  coniplieated  and  is  carried  out 
along  several  different  lines.  Infected  tly  bells  are  depopulated,  the 
inhabitants  being  removed  to  a  fly-free  district  where  they  may  be 
treated  at  hosi>itaI  stations.  The  fly  breeding  may  he  greatly 
diiuinished  by  clearing  off  the  forest  and  brush,  especially  along  the 
river  eourscM,  since  the  glossina  needs  abundant  moisture  for  its  i)ropa- 
gation.  Since  the  fly  bites  only  during  the  day,  at!  traveling  in 
infected  districts  is  best  done  at  night.  A  prophylactic  measure  of 
prime  importance  is  the  search  for  and  the  treatment  of  the  cases, 
which  are  also  carriers.  While  the  treatment  may  not  cure,  it  does 
bring  about  improvement  and  lesvsens  the  number  of  heavily  infected 
carriers. 

Trypanosome  cruzi,  Chagas  (Schizotrypanum  cruri).— This  para- 
site, which  ditfers  fnun  ;i!I  <ilbi*r  trypauosomes,  is  the  cause  of  a 


I  Fio.  142.  —  ScntzoTBTi-AMiM   Chvh 

L  Cbagae      MaoNVal,   "PuthoKcnic 

^^L  tan*B  i^on  &  Co.) 


cTU 


IX 


HuuAN-   Bu>ou.      (Trom   Dofirin  affer 
Micpxtr^niBnifi,"   pubbAbe<l  by   P.   BUkis- 


form  of  hunmn  trypanosomiasis  occurring  in  Braadl.  It  is  trans- 
mitted by  a  bug,  Triatoma  magista  (Conorhinus  luer/isfun),  in  which 
tile  parasite  passes  part  of  its  cycle  nf  dcvcli»innciit.  Hruinptt  lielieve^ 
the  infection  is  transmitted  by  the  dejecta  of  the  bug  as  well  at  bjr 
its  bite,  and  tliiiilvs  tlie  first  nifthod  is  probably  the  m  .  '  "ul 
one.     In  the  human  being,  multipIieaTiou  takaf  plane  in  •  :  ■  nal 

cells,  lymphocytes  and  parenehymatons  cells  of  th<»  viscera;  and  also 
in  the  skeletal  and  heart  muscles.    While  in  this  stage  the  parasite 


1  BrumpI,  Bull.  Aca<1.   Mnl.,   Pnris,   ]9l(i,  91,  301. 
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I'iu.  llo,    -.S(  liUuiinrANLM    Cia:zi   DhiNtLoriMj   i.\    Jl-^tLL.-   ui    Uii.NL.v-riu.     1. 

Cross-acction  of  fibers  of  Htriatod  muscle  containing  Schixotri'pftr^"'"  rruEi;  2, 
'        Section  of  brain  slion'ing  cyst   in  a  neuroglia  ct'U  coiituning  chiefly  fisfccUated 

Ibrma;    3,  SeciioD  through  suprarena!,  faaricular  £onc;    4,    Section    of   brain 

showing   neuroglia    cell    tilled  with  round    fonmi.     (After  Low  and  Vianiui. 

MacNeal,  "Pathogenic  Microorganisnia,"  published  by  Blakitiloj**!*  Son  &  Co.) 
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has  no  flagellum  and  resembles  the  leishmania;  only  after  escape  into 
the  blood  does  it  take  on  the  trypanosoine  form. 

Guinea-pigs,  rats,  mice  and  monkeys  are  susceptible;  the  bed- 
bug, cimex,  is  also  capable  of  transmitting  the  disease. 

Cultures  were  obtained  by  Chagas  and  proved  virulent  for 
animals.  The  hiunan  disease  is  found  both  in  children  and  adults 
and  is  regularly  fatal.  It  is  chai'acterized  by  an  irregular  fever, 
severe  anemia,  swelling  of  the  lymph  nodes,  edema  and  disturbance 
of  the  nci-vous  system.  Two  quite  distinct  forms  are  rccngnized, 
the  acute,  which  is  usually  found  in  young  children,  and  the  chronic, 
found  in- adults.  The  acute  form  Ls  characterized  by  fever,  a  myTce- 
dematous  swelling  of  the  face  and  neck  or  even  the  whole  body, 
and  the  presence  of  trypanosomes  in  the  circulating  blood.  The 
nervous  systom  may  be  involved  in  the  acute  cases,  in  which  event 
they  end  fatally.  The  chronic  form  has  no  trypanosomes  in  the 
blood,  but  has  foci,  or  cysts  in  the  heart,  the  voluntary  mitseles  or 
in  the  \'i8cera  or  the  nervous  system.  Disturbances  of  almost  any 
part  of  the  body  may  result.  While  the  foci  may  be  generalised 
they  do  not  follow  the  blood  vessels. 

Leishmania. — This  genus  was  founded  by  Ross  in  1903  for  the 
Leishman-Donovan  and  Wright  bodies  found  in  kala-azar  and  Delhi 
boil,  to  which  NieoUe  added  another  in  1909,  the  parasite  of  infantile 
splenomegaly.  Leishman,  Donovan  and  Wright,  working  independ- 
ently, described  the  firet  two  parasites  in  1!)03,  and.  although  they 
have  received  various  names,  leishmania  is  now  the  accepted  term. 
Rogers.  Calkins  and  others,  however,  class  them  as  herpetomonads, 
because  of  the  elongated,  flagellated  form  all  lake  in  cultures  on  the 
Novy-MacNeal-Nicolle  blood  agar  medium.  It  is.  however,  best  to 
consider  them  as  a  separate  genus,  because  of  tlieir  natural  parasitic 
habits  in  human  beings.  Leveran,  Fantham  and  others  have  shown 
that  it  is  possible  in  the  laboratory  to  induce  the  herpetomonads 
parasitic  in  the  intestine  of  various  insects  to  become  parasitic  in 
various  vertebrates. 

Leishmania  donovani  (Kala-azar). — Tliis  parasite  is  the  ciiuse  of 
kala-azar,  a  disease  characterized  by  iiTcgular  fever,  weakness, 
anemia,  cachexia  and  a  remarkable  enlargement  of  the  spleen,  and 
occasionally  of  the  liver.  It  is  chronic,  progressive  and  frequently 
fatal,  the  mortality  being  about  80  to  90  per  cent.  This  disease  is 
common  in  tropical  Asia  and  in  northeastern  Africa. 

MorpJwlogy. — The  parasite  is  intracellular,  and  is  found  prin- 
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cipally  in  the  endothelial  oolls  of  the  Hplecn  end  Hver,  and  in  the 
boiu'  marrow.  It  is  oval,  two  tu  fonr  microim  in  diameter,  Gjxely 
ffranul«v  iJiuJ  tKicasionally  vacuolated.  It  contains  a  large,  roun<l 
mu'lous  and  a  stnaller  blepharoplast  whirh  is  oval  or  rod  shaped;  a 
third  body,  a  slendor  short  thread,  may  sometimes  he  recognized, 
which  is  presumably  the  undeveloped  flagollum.     Stained  specimens 


> 

1 

w 

FkO.  144. — I4BISHMANIA  DONOVAN!      (Army  MeH.  School  Collection, 
WashinRton,  D.  C.) 

of  blood,  spleen  and  liver  pulp,  ajid  bone  marrow,  usually  show  large 
endothelial  coIIk  or  leucocytes  closely  packed  with  imrasitc^,  one  to 
.jtwo  hundred  tn  a  single  cell.  Multiplication  in  the  body  is  by  simple 
division,  and  inconii»lctely  dividi'd  pairs  of  orgauisiiLs  arc  frequently 
seen.  Cultures  have  been  obtained  in  citrated  blood  and  on  the 
usual  N.  N.  N.  medium.  Wbcii  fully  grown  the  cultural  organisms  are 
typical  herpetoinonads  (Icptomonacls)  ;  tlic  cell  body  elojigates  and 
the  rudimentary  whip  develops  into  a  true  flagellum.  Both  dogs  and 
monkeys  are  susceptible  to  artificial  inoculations. 


M.\STIGOPHORA 


1095 


The  parasite  is  probably  transmitted  by  some  insect,  either  eimcjc 
(RogeiTj),  or  by  tlie  dog  tlea,  Ctenocephalux  canit  (Wenyoii),  or  a 
plant-feeding  bug,  C&iiQrhinus,  which  occasionally  sucks  blood. 

Animal  Pathogenicity. —y^enyon  in  1913*  inoculated  a  dog  with 
splenic  emulsion  from  a  tiuin  who  died  in  London  of  kala-azar  con- 
tracted in  Calcutta,  The  parasite  has  been  successfully  carried 
through  five  animals,  and  in  1915  an  examination  of  the  bone  marrow 
showed  not  only  typical  leLshmania,  but  also  a  few  large,  well-marked 
Icptomonad  forms.  Similar  forms  were  described  by  Escomei  in  1:>11, 
from  South  American  dermal  lesions.    Monkeys  may  also  be  infccltd, 

Leishmajiia  tropica  (Dtllii  or  Aleppo  boil)  is  the  organism  fuiuid 
in  a  local  skin  affection  variously  termed  Delhi  boil,  Aleppo  boil  or 
tropical  ulcer.  While  it  is  probably  transmitted  by  some  insect, 
there  is  as  yet  no  definite  proof.  The  incubation  period  Ls  about 
two  months,  while  the  disease,  once  manifi'st,  lasts  twelve  to  eighteen 
months  and  is  followed  by  immunity  for  life. 

The  parasite,  which  was  first  described  by  J.  H.  Wnght,"  shows 
minor  dilTerences  from  leisliraania  donovani,  particularly  a  variable 
morpholog>',  all  gradations,  from  the  usual  oval  to  elongated  narrow 
forms  with  poiuted  ends,  being  found. 

Cultures  may  be  obtained  on  the  N.  N.  N.  blood  agar,  which 
drvL'lop  into  h'ptomonads,  as  with  Lcisbmania  donovani.  Dogs  and 
monkeys  are  susceptible  to  artificial  inoculation,  and  it  is  possible 
that  in  nature  the  disease  is  carried  from  dogs  to  human  beings  by 
some  insect. 

Leishmania  infantum  (Infantile  Splenomegaly)  was  described  by 
Nicolle  in  1909  from  cases  of  infantile  splenomegaly  occurring  in 
Northern  Africa.  It  is,  however,  not  limited  to  this  region,  but 
occurs  throughout  the  whole  Mediterranean  District.  Javarone" 
described  110  cases  observed  in  Naples  from  1913  to  1920.  The 
disease  resembles  kala-azar  in  all  respects,  except  that  the  patients 
are  young  children,  and  it  is  possible  it  is  the  same  disease.  With- 
out treatment  the  disease,  like  kala-azar  runs  a  progressive  course 
almost  always  leading  to  death.  The  parasites  arc  found  in  abun- 
dance in  the  liver,  spleen  and  bone  marrow  at  autopsy  and  may  be 
cultivated  in  the  usual  way  on  the  N.  N.  N.  blood  agar. 


■  Wenjfou,  Jour.  Trop.  Med.  and   Hyg.,  London,  1915,  xviii,  218. 
*  Wright,  J.  n.,  Jour.  Med.  Rew.  Boat.  1903,  x,  472. 

^Javarone,  .V..  Infantile  L^ifllunoDiaaiEi  in  Naples  anil  Neighltorbood.  Tropical 
Diseases  Bulletin,  Ixiudon,  19S0,  16,  454. 
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Animal  Pailiogenicily. — The  disease  occurs  naturally  in  African 
dogs,  and  they  are  probably  tlie  source  of  infection,  the  parasite  being 
carried  by  a  flea  or  some  other  insect.  Dogs,  monkeys  and  guinea-pigs 
are  susceptible  to  artificial  inoculation. 

Treatment. — The  use  of  tartar  tnietl*-  in  Uie  treatment  of  kala-azar 
is  due  to  the  success  of  the  treatment  of  infantile  leishmaniasis  intro- 
duced by  Di  Cliristina  and  C-aronia.     In  kalit-a/m-  it  Iuls  now  been 


I-'iu.  14S. — Lkwumania  infa^tvm.     (Army  MeU.  School  Collection,  WotUiuigtoQ 

n  C) 

used  sufccssfully  by  ninuy  and  M'hen  properly  given  is  without  danger 
*jul  givt's  a  large  number  of  recoveries. 

The  untreated  disease  has  a  mortality  of  about  90'/r.  Dobbs- 
Price*^  has  reported  2000  injections  with  Gl^/t  of  recoveries.  He  nsed 
a  iVi^  solution  of  sodium  antimony  tartrate,  in  a  weekly  dosage 
increasing  from  1  to  8  c.c. 


^  DoddM-Prictf  /.,  KaUfAzar  in  Kuropcans  in  tlie  Nowgong  Dintrici  uf  Afwam 
—Indian  MwUcal  Cii»»ttp,  1020,  Vol.  55.  No.  3.  pp.  87  89. 
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Since  intravenous  treatment  of  children  with  any  drug  is  difficult, 
a  search  has  been  made  for  preparations  which  can  l>e  given  into  the 
muscles,  without  producing  pain  oi'  necrosis.  Some  promising  results 
have  been  obtained  by  Spagnolio  and  Manson-Bahr,^'  with  acetyl-p- 
amino-phenyl-stibiate  of  sodium,  and  "stibenyl*'  a  related  drug.  The 
drug  is  dissolved  in  distilled  water  and  "atibenyl"  according  to 
Manson-Balir,  may  be  given  in  doses  up  to  0.6  gram  for  an  adult.  The 
treatments  are  given  weekly  over  a  period  of  4  or  5  months  with 
resulting  cure.  The  time  of  treatment  may  be  shortened  by  using  the 
intravenous  route  when  possible. 

The  prognosis,  as  a  n'snlt  of  the  new  treatment  with  antimony, 
may  now  be  considered  good,  particularly  in  acute  eases. 

Two  other  forms  of  dermal  leishmaniasis  have  been  described;  the 
first,  due  to  Leishmania  hraziUensiSf  otreurs  in  nmny  parts  of  South 
America.  The  parasite  is  morpholo^cally  identical  with  Leishmania 
tropica.  Since  the  disease  is  always  eontraeted  in  the  virgin  forest, 
one  name  for  the  aflfeetion  is  forest  yaws;  uta  and  espundia  are  prob- 
ably different  clinical  forma  of  the  same  disease.  The  transmitting 
insect  cannot  well  belong  to  the  household  vermin  or  domestic  insects; 
sjivan  insects  such  as  the  ixodides.  tabanides,  simulids,  mosquitoes  and 
Conorhinus  arc  all  suspected  of  being  carriers. 

The  second  form  is  called  Lcishynania  mhiica  (Brumpt,  1913). 
and  is  found  in  non-ulcerating  keloid  nodules  in  Egyptian  negroes. 
Morphologically,  the  parasite  is  indistinguishable  from  Leishmania 
tropica. 


"Spap-noJio,  Giuseppe,  Tropical  Diseases  Bulletin,  London,  1920,  Ifl.  455,  and 
Manson-Balir,  Philip,  Bnt.  Med.  Jour.  1920,  Aug,   14,  235. 


CHAPTER  LVI 

CLA88  III— 8POBOZOA« 

SUB-CLASS— TELOSPORIDIA 

HEMOSPOBIDIA 

The  Hemosporidia  and  Sarcosporidia  are  the  only  members  of  this 
order  of  medical  interest.  The  hemosporidia  belong  to  the  sub-class 
Telasporidia  of  the  Sporozoa^  because  spore  formation  begins  at  the 
end  of  the  life  cycle. 

The  systematists  have  not  yet  agreed  upon  the  proper  classification 
of  this  group  of  parasites;  consequently  the  older  arrangement  will 
be  followed.  They  are,  like  the  coccidia,  parasites  of  cells,  at  least 
during  the  schizogenous  cycle ;  all  change  hosts  to  some  insect  for  the 
sporogenous  cycle.  As  the  name  implies,  they  live  in  blood  cells  and 
are  rapidly  growing  ameboid  bodies,  which,  beginning  as  sporozoites, 
penetrate  the  host  cells  and  develop  into  trophozoites.  These  grow 
rapidly  to  adult  segmenting  parasites,  in  which  case  they  are  called 
schizonts,  or  to  sexual  forms,  or  gametes,  when  they  are  termed 
sporonts.  In  the  course  of  their  development,  most  species  produce 
melanin  from  the  destruction  of  the  hemaglobin. 

The  nucleus,  which  is  readily  stained,  is  single  and  posesses  a 
karyoBome ;  the  mature  schizont  divides  into  many  small  forms  called 
merozoites,  and  these,  when  freed  by  the  rupture  of  the  degenerated 
erythrocyte,  escape  into  the  blood  plasma,  and  if  not  phagocyted, 
penetrate  other  erythrocytes  and  repeat  the  asexual  or  schizogenous 
cycle.  The  pigment  and  undivided  portion  (restkorper)  of  the  cyto- 
plasm of  the  mother  cell  accumulate  in  the  bone  marrow,  spleen  and 
other  viscera. 

After  a  number  of  cycles  of  asexual  multiplication  have  been  lived 
through,  a  new  development  takes  place  and  sexual  forms  begin  to 
appear  in  the  circulation.  These  grow  to  large  size,  yet  show  no  indi- 
cation of  division  into  merozoites  and  were  at  one  time  considered 


For  claiwification,  see  page  1049. 
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degenerAtion  forms.  Two  varieties  may  be  distinf^uished,  one  with  a 
durk  Htaiiiing  cytox>lasm  aud  tliie  gr&tiular  melanin,  und  the  other  witk 
liglit  Btaiaing,  hyaliu  cytoplasm  and  coarse  pigment,  the  former, 
loaded  \^'ith  reserve  food  material,  is  the  female  or  macrognmetocyte; 
ihe  latter,  the  male  or  microgametocyte.  The  gametes  do  not  develop 
further  until  taken  into  the  digestive  tract  of  the  insect  host.  For 
purposes  of  study,  however,  the  mi(^rogarnetocytes  may  be  made  to 
exflagellate  on  the  slide,  dampened  a  little  by  brealhiug  upon  it,  to 
stimulate  the  condition  in  the  insect  host.  In  such  a  preparation,  the 
flagella,  or  miurogamctes,  may  be  seen  actively  moving  inside  the  eell 
body,  whose  wall  they  ultimately  nipturts  and  all,  four  to  eiglit,  escape 
and  whip  about  until  they  come  in  contact  with  a  macrogametocyte, 
when  one  microgramete  enters  through  the  micropyle  aud  finally  fuses 
with  the  female  iiuideiLs. 

Hemoproteus  columbae  (llaltoridiiun). — This  parasite  of  the  red 
blood  cells  of  doves  was  described  in  1891  by  Celli  and  Sanfeliee. 
It  is  widely  distributed  in  nature  and  has  been  reported  from 
Europe,  Asia  and  North  and  South  America.  The  organism  is 
found  within  the  cytoplasm  of  the  erythrocyte;  the  iiucKus.  which 
is  not  regularly  displaced,  is  surrounded  by  the  growing  parasite 
like  a  halter,  and  for  this  reason  it  was  named  halteridittm  by  Labbc. 
It  is  sluggishly  ameboid  and  produces  an  abundance  of  melanin,  and 
when  the  blood  is  drawn  the  ripe  male  sporonts,  the  mierogametocytes, 
rupture  easily,  liberating  the  active  flagella,  or  microgametes.  Under 
favorable  circumstances  the  fertilization  of  the  macrogametocytc  by 
tile  inicrogaineteB  may  In?  observed  on  the  slide,  and  it  was  whih'  work- 
ing with  this  parasite  that  Macallum  first  followed  out  the  whole 
process  of  fertilization  in  the  hemosporidia  imd  gave  the  proper 
explanation  of  the  fiagellate  stage  seen  in  the  malarial  parasite. 

In  the  blood  of  the  dove  this  parasite  is  usually  seen  as  a  large  or 
small  crescent,  partly  encircling  the  nucleus;  the  gametes  are  readily 
recoguizt^d  by  the  usual  marks,  that  Is,  the  female,  or  macrogametocyte, 
is  rich  in  reserve  material  and  the  stained  specimen  takes  a  deep  color  j 
the  male,  or  microgametocyte,  being  poor  in  rese!*ve  material  stored 
in  the  cytopbism,  appears  relatively  pale  in  stained  speeimens. 

The  invertebrate  host  of  the  parasite  is  Lijiuhw  mtiura  (Bigot), 
or  Lijnrhio  Uvidocolor,  a  biting  hippoboscid  fly  of  louse-like  habits 
which  lives  in  the  nest  and  in  the  plumage.    The  eyele  in  the  fly  has 


*Adiet  Helen,  Indian  Jour.  Med.  Kviiearcb,  Culcutta,|  1915. 


been  successfully  worked  out  by  Adie,*  who  has  demonstrated  the 
ookinetes,  zygotes  and  oocysta  in  the  lower  poition  of  the  midgut.    As 


Fig.  146. — Hjruovhotkvh  Coldmb^.  la  to  Sa,  Devdopineut  of  fciuulc  paranitc  in 
hlofxl  of  dovr;  16  to  36,  Dtn'olnprnont  of  mate  parasite  iu  blood  of  dove;  4a 
4fr,  6t,  (1  to  12,  Development  in  the  digestive  tube  of  the  fly  (Lynchia);  13  to 
20,  DevelupnH'iit  uf  tlio  parnnite  iiwide  lciicof-yl«s  iu  the  lung  of  the  dove. 
'(  (After  Avugao  MurNeal,  "pMtht)genii'  Mirroorganisme,*'  pubUshed  bj'  P. 
lilakiNton'H  Son  &  Co.) 

thi'  ttueysl  grows,  it  stHiids  nut  fi-oni  the  gut  wall  and  finally  shows  the 
striatioiis  iiulieutive  ol"  the  preseuee  of  aporoeoitcs;  after  rupture  of 
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the  mature  cyst,  these  collect  in  large  numbers  In  the  salivary  glands 
and  ducts. 

The  life  history  of  the  pai'asitc  is  seen  to  be  like  that  of  proteoHoma 
and  malaria,  except  that  the  asexual  or  schizogenous  cycle  appears  to 
hv  lacking. 

Proteosoma  (Plasmodium)  praeoox. — This  parasite  is  a  typical 
representative  of  the  sporozoa,  and  is  interesting  historically,  since 
it  was  the  one  with  which  Ross  worked  in  1898,  when  ho  first 
demonstrated  the  part  played  by  the  mosquito  in  "bird  malaria." 

Grass!  and  Feletti  described  the  parasite  in  1890  under  the  name 
of  hcynamehn  precox.  It  is  widely  distributed  geographically,  and  is 
common  in  the  blowl  of  small  birds,  aparrows.  I'obins  and  larks.  It 
can  be  propagated  in  the  laboratory  in  the  blood  of  canaries  with- 

♦  6t  I 

Fig.  147. — Proteosoma  Pkecox  lv  Blood  of  Field  Lark.  A.  Voiing  parasite  in 
blood  cell;  B,  Half-grown  parasite  which  ho^  pushed  aside  nuclcua  of  btood  cxiU; 
Cf  Parasite  with  clump  of  pigment  and  muoy  nuclei;  P,  Divimou  into  many 
mero«oit«a.  (After  Doflein  and  Wtisiftleni-ski  MarNenl,  "Pathogenic  Micro- 
organiamB/'  published  by  P.  Blatdston's  Son  A  Co.) 

out  (freat  difficultj';  sparrows,  however,  do  not  long  siutivc  in  cap- 
tivity unless  kept  in  round  glass  jars,  where  they  cannot  injure  them- 
selves by  dashing  against  the  walls.  The  blood  for  examination  la 
obtained  from  the  cephalic  wing  vein,  close  to  the  body,  which  is 
nicked  with  a  razor,  and  the  blood  taken  up  in  a  capillarj'  glass  lube 
containing  a  little  citrate  solution.  To  inoculate  a  new  bird,  it  is 
sufficient  to  inject  a  smnll  quantitj'  of  eitrated  blood  from  an  infected 
canary  into  the  breast  muscles  of  the  new  bird,  transferring  to  a  new 
host  at  intervals  of  a  month  or  less.  Because  it  is  not  difficult  to 
keep  on  hand,  this  organism  may  be  nsed  for  class  study  in  localities 
where  malarial  eases  are  infrequent.  There  is  no  apparent  reason 
for  placing  it  in  a  different  geims  from  the  inalurial  panisltes. 

The  entire  asexual  cycle,  vschizogony,  may  be  studied  in  the  periph- 
eral circulation,  as  in  quartan  ninlnrinl  fever. 

In  nature  it  is  transmitted  by  both  culex  and  stegomyia  (Acd^* 


1102 


PATHOGENIC  PROTOZOA 


calopm),  and  its  development  is  briefly  as  follows:  Tlie  bird  is 
inoculated  by  the  mosquito  with  spindlc-shnpiHl  young  forms  known  as 
sporozoites.  These  possess  the  power  of  ameboid  motion,  and  rapidly 
p<'iietratc  into  an  erythroejte,  in  which  they  kI'ow  quickly;  they  con- 
stnntiy  move  about  inside  the  cell  until  nearly  full  (frown,  and  are 
during  this  stage  called  tropho/oites.  The  substance  of  the  ery- 
thnioyte  is  rapidly  eonsumed  by  the  parasite  and  a  dark  pigment, 
mehiuin  or  hemozoin,  is  formed  from  the  destroyed  hemaglobin.  The 
mature  parasite  divides  into  many  small  forms  called  merozoites,  and 
thi.'so.  when  freed  by  the  rupture  of  the  degenerated  erythrocyte, 
eseape  into  the  blood  plasma,  and  if  not  phagocyted,  penetrate  other 
erythrocytes  and  repeat  the  asexual  or  scbiisogcnous  cycle.    The  pig- 


Fio.  148. — MiDocT  or  CuLEx  MosgoiTO,  Covetied  wrrn  OftcrsTS  or  Proteosoma 
pRFx^ox.  V,  Vara  MALriomi.  (.\ftcr  Dofleiii  and  Ilass.  MarNeal,  "Path- 
nfcenic  MicroorKaniHiiiK,  '  published  by  P.  Blakistou's  Sun  dc  Co.) 

nie»it  and  undivided  portion    (restkorper)   of  the  cytoplasm  of  the 
mother  cell  accumulate  in  the  boiiu  marrow,  spleen  and  other  viscera. 


MALARIA 

This  is  one  of  the  most  t'oniinon  and  widespread  of  preventable 
human  diseases,  and  in  some  loealities  is  the  cause  of  a  greater  mor- 
lality  and  morbidity  thaji  tuheri!ulosis.  It  is  caused  by  one  or  mure 
of  the  three  forms  of  the  malarial  Plasmodium.  As  a  rule  the  infec- 
tions arc  simple,  yvi  in  the  tropics  it  is  not  uncommon  to  find  two 
or  even  three  species  of  plasmodia  in  the  same  patient,  and  this 
condition  is  caHed  a  mixed  infection. 

History, — The  disease  under  various  names,  as  chills  and  fever, 
Roman  fever,  Chagres  fever,  has  been  known  since  the  greatest 
antiquity.  The  cause  was  not  discovered  until  1880.  when  Tiaveran,  a 
French  military  surgeon  stationed  in  Algeria  lirst  saw  tlic  organism 
and  described  it  as  the  cause  of  malaria.    He  saw  and  described  not 
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only  the  pijjfraented  trophozoite,  but  also  the  cresceiitic  gametooytiw  and 
flagellating  microgamctcs,  and,  because  of  the  activity  of  the  tlagella, 
called  the  parasite  Oscillaria  malaria,  a  name  afterwards  given  up. 
Later,  in  1885,  Celli  and  Marchifava  described  the  parasite  with 
greater  accuracy  and  named  it  Flasmodxum  vialariiLf  a  poor  name, 
since  it  describes  merely  a  condition  assumed  by  some  fungi  and 
mycetozoa»  yet,  according  to  the  rules  of  zoological  nomenclature,  it 
must  i>taud.  In  the  same  year,  Golgi  described  the  quartan  parasite 
and  in  the  following  year  demonatraled  the  relation  of  the  variouu 
stages  of  the  life  cycle  of  the  tertian  parasite  to  the  temperature  curve. 

Even  in  antiquity  many  had  noted  the  curious  distribution  of 
maliiriu,  and  its  intimate  relation  to  swamps  and  marshy  places. 
Mans<m,  who  had  already  shown  the  role  played  by  an  infected  mos- 
quito in  transmitting  filarial  disease,  in  1894,  suggested  that  the 
epidemiology  of  the  disease  could  best  be  explained  by  the  hypotho^sis 
that  it  was  conveyed  by  the  bite  of  some  blood-sucking  insect,  probably 
the  mos(|uito. 

For  years  the  interpretation  of  the  flagella  was  a  subject  of  con- 
troversy. They  were  regarded  as  defeneration  products  by  some  and 
as  living  elements  by  othci*s.  In  1897,  MacCallum.  working  with 
halteridium,  was  able  to  show  that  they  were,  in  fact,  spermatozoa,  as 
he  saw  them  penetrate  and  fertilize  the  macrogametes,  or  large 
spherical  forms  without  flagella. 

la  1897,  Ross,  of  the  British  Indian  Medical  Service,  described  the 
beginning  of  the  sporogcnous  cycle  in  what  he  called  a  dapple-winged 
mos(|uito,  which  we  now  recognize  as  an  anopheline.  P^ollowing  out 
fairther  Hanson's  liypotliesis,  he  was  able  the  same  year  after  long  and 
laborious  research  to  clear  up  the  method  of  transmission  of  bird 
malaria,  proteoaoma,  an  analogous  disease.  Grassi  and  Bignami  and 
Bastiuneili,  in  1898,  succeetied  in  demonstrating  the  complete  life 
cycle  of  the  human  form  of  malaria  iu  the  anopheles  mosquito. 

Geographical  Distribution, — The  disease  is  found  in  a  belt  round 
the  world  extending  from  40  degrees  S.  latitude  to  60  degrees  N.;  it  is, 
however,  not  equally  distributed  throughout  this  zone,  and  even  iu  the 
tropics  there  are  many  malaria-free  areas,  principally  in  the  regions 
of  higlicr  altitudes,  since  the  spe<*ial  home  of  malaria  is  in  the  low- 
lying,  swampy  and  torrid  coastal  districts  and  river  basins.  Islands 
at  a  distance  from  the  main  land  may  be  entirely  free.  Malaria 
reaches  its  maximum  intensity  in  the  ti-opies.  where  the  anopheline 
masquitoes  breed  continuously  throughout  the  year  and  new  infoc- 
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tioiia  may  occur  at  any  time;  while  in  the  sub-tropics  and  temperate 
rcgiuiLs  it  is  u  seasonal  (liseaBe,  appearing:  hoou  after  thu  onset  of  hot 
Wfuthcr  with  its  new  crop  of  anophelino**  and  continuing  until  tlie 
first  cold  weather  which  destroys  most  of  the  infected  mosquitoes. 
It  is  j)i;RHihIf  that  the  disease  may  he  earned  over  from  season  to 
season  hy  the  hilionmting  iiuMquito  althout;h  definite  ])rf)of  of  the 
importance  of  tilts  is  lacking.  It  is  curried  over  1o  the  next  season 
liy  the  human  carrier,  in  whom  the  disea.se  may  1m*  latent  or  who  may 
have  suffered  from  clinical  relapses  throughout  the  year.  Modem 
times  have  seen  it  disappear  from  many  regions  where  it  was  formerly 
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Tia.   149.— Plasmodium   v  i  v  a  x 
(Army    Med,  SrIwHjl  CoMertinii, 
Washington,  DC.) 


ViQ.  loO. — PtASMODiuM  vivAX.  (Gamete.) 
(Army  Med,  Srh<K>l  Collwtion.  Waaiiing- 
ton,  D.  C ) 


endemic,  hecause  of  increased  cultivation  of  the  soil  and  hetter  surface 
drainage,  as.  for  example,  in  England  and  the  Ohio  river  valley. 

In  the  registration  area  of  the  United  States  there  were  1565 
deaths  from  malaria  in  1913;  in  Italy,  up  to  IfMX),  the  average  number 
of  deaths  from  this  cause  annually  was  16.1)00,  One  caiinot  ohtain  a 
true  picture  of  the  imporlanee  of  the  disease,  however,  from  mortality 
statistics,  since  it  is  not  often  fatal,  and  the  morbidity  is  out  of  pro- 
portion to  the  mortality.  In  many  villages,  whore  it  is  endemic,  onc- 
thinl  to  one-half  the  population  may  have  parasites  in  the  blood,  most 
of  them  without  clinical  symptoms,  yet  they  ore  not  able  to  work  and 
the  eliildren  remain  undeveloped  and  >»aekwar«l.  Mneh  of  the  illness 
attribute*!  to  hookworm  infection  is.  in  rmlitv   dtir  to  Intent  malaria. 


>A 
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During  the  first  part  of  the  acute  attack  the  predominant  forms  are 
sehizonts,  hut  lalor  in  the  course  of  the  disease,  ns  a  rvsult  of 
increasing  immunity  or  of  treatment,  the  sporogcnous  cycle  bet'ornes 
evident.  The  trophozoites,  in  iucrejwiing  numlM'rs,  develop  into 
sporonts  rather  than  Rchizonts.  These  forms  do  not  develop  a  vacuole 
but  increase  in  size  and  remain  round  or  oval  bo<lics.  AVhen  mature 
they  occupy  most  of  the  red  cell  but  show  no  sign  of  nuclear  change 
or  of  segmentation  and  they  arc  then  called  gami'tocytt'S.  The  sex 
can  be  distinguished  in  well  stained  specimens  by  rememU'ring  that 
the  microgametoeyte,  or  male  form,  is  rich  in  nuclear  chromatin, 
of  whieli  the  flagella  or  spermatozoa  vnW  be  formed  after  the  game- 
tocyte  has  been  ingested  by  the  proper  mosquito.  The  maerogame- 
tocyte,  or  female  form,  is  distingiushed,  on  the  other  hand,  by  the 
store  of  nutrient  material  in  the  cytoplasm,  causing  it  to  stain 
deeply. 

After  ingestion  by  a  susceptible  mosqiuto  the  red  cells  undergo 
dissolution  and  the  contained  gametoeytcs  are  liberated.  The  n^icro- 
gametocyte  sends  out  several  micrcigametes  (flagella)  one  of  which 
fertilizes  a  maerogamete  by  penetrating  the  cytoplasm  and  uniting 
with  its  nuclear  chromatin.  The  fertilized  cells  change  its  shape 
from  round  to  ovoid  and  becomes  motile  and  is  ealled  a  traveling 
vermicule,  or  ookinete.  It  travels  to  the  stomach  wall  which  it 
penetrates  and  comes  to  rest  on  its  outer  surface  and  is  then  called 
an  oocyst  or  zj'gote.  The  cyst  or  zygote  increases  in  size  with 
each  successive  segmentation  of  its  nucleus  until  it  is  ripe.  It  then 
ruptures  and  discharges  a  mass  of  sporozoites  into  the  hody  cavity. 
These  wander  to  all  part^^  of  the  body  of  the  mnsqnito  but  many 
reach  the  salivary  glands  and  later  tlie  saliva,  and  when  next  the 
mosqiiifn  bites  they  arc  injected  ijito  the  new  host. 

In  the  state  of  MLssissippi  Bass  has  shown  that  the  age  distribution 
is  such  that  23  per  cent  of  the  population  under  20  years  of  age 
showed  parasites  in  the  blood,  whei'ca.s  only  19  per  cent  of  persons 
over  20  years  were  infected,  and  that  the  five-year  ])eriod  from  5  to 
9  years  of  age  showed  the  greatest  number  of  infections. 

Race  and  color  arc  important,  and  negroes  showed  36  per  cent 
more  infections  than  whites,  and  the  high  point  is  reached  much 
earlier  in  black  than  in  white  cliildren.  (South  Med.  Jour.,  1919, 
12,  456.) 

The  paraftites  belong  to  the  cla-is  of  hemasporidia,  and  ai'e  olosely 
related  to  the  cocculioy  which  are  parajiites  of  epithelial  celht  whila 


the  Plasmodia  are  parasitic  on  red-l)lood  cella.  There  are  two 
divisions  of  the  life  cy<'ie;  that  which  occui'S  in  man,  the  endogenous, 
asexual  of  srhizogfMioiis,  and  that  which  occurs  in  the  mosquito, 
the  exogcnoiiK,  sexual  or  sporogenoua ;  for  this  reason  the  mosquito 
is  the  definitive  and  the  man  the  intermediate  host. 

Ahhuugh  the  life  cycle  of  tlie  parasite  varies  in  details  in  the 
different  fonns  of  malaria,  certain  stages  are  common  to  all,  and  in 
general  the  life  cycle  is  usually  described  as  follows:  an  infected 
mosquito  bites  a  warm  blooded  animal,  often  a  human  being,  in 
order  to  obtain  its  meal  of  blood.  As  it  bites,  it  infects  the  wound 
with  its  saliva  which  contains  sporozoites  coming  from  the  salivary 
glands.  The  sporozoites,  in  the  new  host,  soon  gain  access  to  the 
hlood  and  attach  themselves  to  the  erythrocytes  upon  which  they 
become  parasitic.  In  shape  they  are  long  and  slender  spindles,  and 
wlicn  stained  with  the  usual  eosin-methylenc  blue  dyes,  show  a  blue 
cytoplasm  and  a  compact  dot  of  red  nuclear  chromatin  in  the  center. 
Wlien  the  sporozoite  escapes  the  phagocytes,  and  succeeds  in  es- 
tablishing itself  on  a  red  cell  it  soon  changes  its  shape  to  the  ring 
form  and  grows  rapidly  and  during  this  gi'owing  stage  is  known 
as  a  tropliozoite.  This  last  named  form  may  develop  in  either  of 
two  ways:  in  the  asexual  or  schizogenous  cycle  when  it  is  called 
a  schizont,  or  in  the  sexual  or  sporogenous  cycle,  when  it  is  called 
a  sporont. 

The  schizont  goes  on  to  full  development  in  the  human  host;  the 
sporont  cannot  complete,  its  cycle  until  taken  into  the  stomach  of 
a  suitable  anophcline  mosquito^  capable  of  conveying  malaria. 

The  trophozoit  which  ends  its  life  as  a  schizont  grows  rapidly 
at  the  expense  of  the  red  cell  and  develops  a  characteristic  vacuole 
which  increases  the  area  of  the  parasite  in  contact  with  the  host 
cell.  When  mature  its  nucleus  undergoes  mitotic  changes  and  the 
parasite  divides  into  a  more  or  less  definite  number  of  segments 
called  merozoites:  these  when  liln'ratcd  by  the  disintegration  of  the 
host  cell,  attack  new  erythroc>ies  and  develop  during  the  second 
and  suhse([in'!it  generations  in  the  same  manner  as  the  sporozoite. 

There  are  three  well-recognized  forms  of  the  plaamodia,  (1)  PUu- 
modium  vivax  (Grassi  and  Filetti),  causing  tertian  fever  (also  called 
**henign  tertian**);  (2)  Plasmodium  maltirut  (Laveran),  causing 
quartan  fever  J  (3)  Plasmodiuyn  falciparum  (immaculatum)  (Welch), 
causing  the  tropical  form  of  malaria,  the  so-called  (estivo-autumnal 
or  subtertian.     Aa  the  detaiU  of  development  cinnot  he  made  out 
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easily  in  fresh  specimens,  the  following  description  applies  to  those 
stained  with  some  form  of  the  Ronmnowski  stain. 

Plasmodium  vivait. — The  parasite  of  teitiaa  fever  has  a  life  cycle 
lasting  forty-eight  hours  and  is  easily  re<*ognixeil  only  when  full 
grown,  that  is,  twenty-four  to  forty-eight  hours  aftor  the  cJiill, 
Whilf  a  diagnosis  may  he  uuuh'  on  younger  forms,  it  is  not  so  readily 
made.  As  its  name  implies,  the  Plasmodium  vivax  is  actively  ame- 
hoid,  and  psendopods  and  irregiilar  nutlines  eharnoterize  the  well- 
grown  parasite  J  the  infected  erythi-oeytc  is  swollen,  often  to  twice 


Fig,  161. — Pi*ajsmodium  vivax,  anAtttical 
Mac'Jiooambtoctte.  Forra  interpreted 
t)y  8cluLudinn  as  uudei^uing  ptirtbeuu- 
gonef^ia.  {Army  Med.  Sr.hool  Collection, 
WashmRton,  D.  C.) 


Fig.  152— Plahmod'iujh  VI  VAX 
(Army  Med,  Sohool  Collcoliou, 
WashinRton.  D.  C.) 


its  normal  size,  the  hemoglobin  is  pale  and,  espceially  In  spreads 
in  which  Manson*s  stain  has  been  used,  it  iA  so  mueii  paler  than 
in  the  surrounding  cells  that  the  infected  cell  stands  out  clearly. 
The  part  of  the  eel!  unoccupied  by  the  parasite  is  stippled,  that  is, 
dotted  with  reddish  granules  called  SchufTner's  dots,  and,  as  the 
swolleii  red  cell  and  Sehuffncr's  dots  are  found  in  no  other  form 
of  malaria,  their  presence  is  pathognomonic  of  tertian- 

The  youngest  form,  the  free  raerozoite.  is  rarely  seen,  but  young 
cometdike  forms  composed  of  a  particle  of  red  chromatin  and  a 
little  blue  cytoplasm  may  readily  be  detected  at  the  height  of  the 
fever;  that  is,  a  few  hours  after  the  chill  and  sporulntion.  Th? 
round,  yuung  schizont  as  it  grows  develouwearly  a  CfUtrul  yi 
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and  assiunps  the  shape  of  a  signet  ring,  the  red  chromatin  dot  being 
the  slonti.  Thia  small  tertian  ring  grows  rapidly  as  the  fever  sab- 
fiidcs,  and  at  the  same  time  the  infected  cell  increases  in  aixe. 
Twenty-four  hours  after  the  chill  the  ring  has  gi'owii  so  much  that 
it  is  referred  to  as  the  large  tertian  nng,  and  its  tendency  to 
irregularities  of  shape  and  ameboid  form  becomes  apparent,  and 
fine  granules  of  pigment,  called  melanin  or  hemozoin,  begin  to  be 
visible.  After  thirty-six  hours  the  rings  will  alt  have  gr'owTi  into 
large  ameboid  forms.  After  about  forty  hours  the  parasite  occupies 
almost  the  entire  cell  and  the  pigment  begins  to  collect  in  masses 


Fta.  153. — Plasmodium  vivax.    (Array  Med.  School  Collection,  WatthinKton,  D.  C) 

toward  the  center.  Soon  after  the  first  signs  of  segmentation  appear, 
which  becomes  more  and  more  distinct  until  fifteen  to  twenty 
separate  segments  or  mero/oites  are  seen,  each  composed  of  nucleuH  and 
cytoplasm.  The  pigment  of  the  adult  parasite  and  the  unused 
portion  of  the  cytonlasm  are  cast  off  after  segmentation  as  u  rest- 
korper,  which  is  promptly  phagocyteU  and  such  masses  accumulate 
in  the  spleen,  bone  marrow  and  viscera.  With  nipture  of  the 
erythrocyte,  at  the  time  of  the  chill,  the  merozoites  are  set  free, 
and  if  not  phagocyted.  immediately  attack  new  erythrocytes  and 
the  a.scxual  or  sehizogenous  cycle  is  repeated,  until  treatment  or 
increasing  immunity  halts  or  alters  the  cycle. 
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in  practioo  it  is  not  unasual  to  find  parasites  ui  clilTercnl  a^os 
in  the  same  film,  as  somt*  individuals  seem  to  develop  in  advance 
of  others;  in  this  case,  however,  there  will  not  be  much  difference 
in  their  appearance.  When  extreme  difference  of  a^  is  noted  in 
films  it  is  probable  that  there  have  been  several  different  inoculations, 
producing^  double  or  triple  infections  with  quotidian  or  irregular 
fever  curves,  and  such  eases  are  not  uncommon. 

As  all  the  forms  so  far  described  belong  to  the  sehizogvnous 
cycle,  they  may  be  called  schizonts.  or  trophozoite's  of  the  schisso- 


Fio.  IM — pLASMocrirM  %TVAX.     (ATtoy  Med  s. }, 


\V,i^!ungton,  D.C.) 


genous  cycle,  The  sporogcnoiis  cycle  begins  in  man  and  is  com- 
pleted in  the  mosquito.  The  earliest  sexual  forms  noted  were  the 
so-called  **spliere.s,"  lurjre  adult  parasites,  fii'st  seen  in  wet  prepara- 
tions, which  did  not  segment  with  the  schizonts.  They  are  now 
called  gametocytes  and  after  the  disease  has  lasted  some  time  are 
found  in  films  made  at  all  stages  of  the  fever;  that  is,  they  are 
incapable  of  fiu'ther  development  until  taken  into  the  stomach  of 
the  mosquito.  The  possibility  of  parthenogenesis  will  be  referred 
to  later.  In  appearance  they  are  roimd  or  oval,  and  in  tliia  fever 
may  be  twice  the  size  of  the  red  cell.  As  a  rule  a  narrow  margin 
of  red  cell  is  visible  after  Romanowski  stains,  although  the  gamete 


ij-  ik  free  m  tlw  ji  !■■!■■  Unlike  the  •tJuaoals,  tbt  B^aetocytes 
have  the  pigBMrnt  oaiforMtjr  dittributad  tfaruagboat  tlie  fao4f  and 
there  k  no  inJkatixa  of  arpaCBUtiaiL    The  Tome  ^punmte  are 

tlngaxaiied  froca  aehizionta  bjr  Use  afaaeaee  mi  the  Tacoole,  and, 
¥flifti  a   "  "  amount  of  hcmnipin 

nun*  *'  quartan  parasite  faaa  a  life  ey€^  of 

arr^nty-two  botirvy  or  twcotjr-fonr  boon  Umgvr  than  the  tertian,  and 

l«e  paroxysms  rome  on  inrerr  third  day,  or.  ac'eordins  to  the  Italian 

^methorl  ot  reckoning  time,  on  the  ionrtli  daj.    The  yoxxB%  rins?  of 

the  pitumodinm   maUtria  art  indtstingnisiiable  from  >'oang  tertian 

rings,  bat  the  diagnosis  may  be  taade  ao  older  forms.     The  bleach- 


Pir;     15fi  —  Plx^momvm    m  a  l  a  s  I  j»  . 


Fig.  156— pLARMODm(Mu.AJiLB  <Aniiy 
Med.  School  CoUectioo,  Woahingtoii, 
DC) 


ing,  ejiiargcment  and  stippling  of  the  er>*throcyte  character- 
of  tertian  is  never  found  in  quartan  fever,  the  infected  cry- 
iihrocyti*  \n\n^  nlmont  normal  in  appearance.  The  well-grown 
tquartan  p&raiiite  (Joch  uot  show  auio'lMc  cimng'es  but  assumes  a  band 
forni«  mora  or  lewi  wide,  irtretehing  across  the  red  cell  from  border 
to  lM)rdrr;  with  increnxintr  a(c**  the  hand  widens  until  the  parasite 
h  lumrly  H(|Uiir(*  and  the  hemozoin  aeeumuiateM  towanl  the  emter. 
Hogmentation  giv<¥i  rise  to  almost  •ymrnetrical  "daisy"  forms,  show- 
ifiK  six  to  Hijcht  or,  rarely,  fourteen  merozoites.  Parasites  of  <lif- 
ffeiM-nt  tigf-M  may  be  found,  sh  in  tertian,  and  it  is  characteristic  of 
quartan  fuver  that  examples  of  all  stages  of  the  life  cycle  may  be 
.^foiind  nl  the  proper  tirar  in  the  peripheral  circulation.  Oametocytes 
rdiilcr  from  tertian  mainly  in  size,  since  they  are  never  larger  than 


A 


8P0R0Z0A 


nil 


the  normal  erythrocyte  until  after  the  latter  has  ruptured,  but  when 
free  \n  the  plasma  it  is  practically  impossible  !n  disTiugttish  lliem 
from  tertians. 

Plasmodium  falciparum. — The  poraRite  of  wRtivo-autumnal  fever, 
Plasmodium  falciparum,  tlilfers  considerably  from  the  two  Utrn\s  al- 
ready described;  the  life  cycle  varies  l>etwoeii  twenty-four  and  t'tirty- 
ci^ht  hours,  and,  at  loagt  in  new  infections,  only  ring  forms  are 
found  in  the  peripheral  blood,  although  at  a  later  stage  eresoentic 
gametoc>ies  may  he  present.  The  youngest  aestivo-autumnnl  rings, 
found  at  the  height  of  the  fever,  are  more  delieate  than  the  ynting 
tertians.    As  the  temperature  falls  the  rings  increase  in  size,  but 
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FlO.     157. — P  LABMODICU      MALARUB.         FlO,     138.  —  PUASMODirM      PAUCIPARDM 

(Army  Med.  Schwol  CoUecliun,  Wash-  (X150  0)     (Anny  Med.   School   CoU 

ington,  D.  C.)  loction,  Wa^htngtofi,  D  0  J 

without  change  of  form;  the  growth  is  not  uniform,  but  occurs  as 
a  thick  erescentic  swelling  on  the  convex  surface  of  the  ring,  and 
occasionally  moro  tlian  one  such  swelling  is  present.  The  large 
sestivo-autumnal  ring,  found  after  the  febrile  paroxysm  has  passed, 
occupies  one-third  to  one-half  the  red  cell,  which  is  never  swollen 
nor  stippled,  as  in  tertian,  and  the  parasite  is  never  band-like,  as 
in  quartan.  Segmenting  parasites  are  almost  never  seen  in  the 
peripheral  blood  in  a^tivo-autunmal  fever,  though  in  tertian  they  arc 
common  and  in  quartan  numeroiis.  If,  however,  films  arr  prepared 
at  autopsy  from  the  spleen,  liver,  bone  marrow  and  hrain,  enormous 
numbers  of  segmenting  forma,  together  with  all  other  stages  of  the 
parasite,  may  lie  found.  The  full  grown  segmonter  oeeiipies  one- 
third  to  one-half  the  eel!  and  shows  a  collection  of  hemozoin  in  Iarg6 


blocks  in  the  center.  The  merozoitcs  vary  in  number  from  eight 
to  twenty-five.  lu  addition  to  the  small  and  large  rings  the  peir- 
iphcral  blood  shows,  after  the  fever  has  lasted  sufficiently  long,  the 
sexual  forms  or  gametoeytes.  The  infected  erythrocyte  is  never 
stippled  nor  swollen,  hut,  on  the  contrary,  may  appear  shrunken. 
Both  Iht?  micro-  and  tnatTOgamctocytes  in  *8tivo-autuiiuial  fever  are 
crescentie  in  shape,  their  length  being  about  one  and  one-half  and 
the  width  about  one-half  that  of  an  erythrocyte;  tlie  pigment  is 
collected  toward  the  center,  which  is  rather  paler  in  stained  speci- 
mens than  the  poles.  At  first  sight  the  gametoeytes  appear  to  lie 
free  in  the  plasma,  yet  in  stained  specimens  a  rim  or  rib  of  the  pult* 

red  cell  may  be  seen  on  the  con- 
cave side.  When  liberated  from 
tlie  erythrocyte  the  gamctoeytc 
becomes  first  spindle-shaped  and 
finally  oval  or  round.  The  mah^ 
crescent  is  short  and  broad,  and 
the  female  relatively  long  and 
slender. 

The  Phifr  Structnrf  of  the  Phis- 
madia. — The  finer  details,  which 
are  only  hinted  at  in  fresh  speci- 
mens and  in  thase  stained  with  Man- 
son's  stain,  can  be  studied  to  ad- 
vantage in  those  stained  with  some 
one  of  the  many  iiiodilieations  of 
the  Romanowski  stain,  such  as  that 
of  Wright,  Hastings,  MacNeal  or  Giemsa. 

The  tertian  parasite,  whieh  lies  in  a  red  cell,  may  be  seen  to  be 
divided  into  a  blue  cytoplasm  and  a  Ijrilliant  red  uueleus,  and  it 
would  be  well  for  the  novice  to  remember  that  these  three  conditions 
must  be  satisfied  before  tlie  diagnosis  of  malaria  eaii  be  made;  the 
principal  sturabliug:-hloek  is  the  blood  platelet,  often  found  overlying 
a  red  cell,  but  Jt,  although  possessing  a  ragged  blue  cytoplasm.  lias 
always  a  relatively  large  purple  nucleus.  The  chromatin  of  the 
young  rings  is  usually  present  as  a  single  dot.  but  two  such  dots 
are  frequently  seen,  lu  older  forms  of  the  tertian  and  quartan 
parasites  the  various  changes  found  in  mitosis  may  be  followed  in 
the  nucleus.  The  whole  schizogcnous  cycle  may  be  followed  by 
takintr  blood  smears  from  a  single  case  of  malaria  at  intervals  of 


Fig,  159. — Plasmodutm  falcipahttm 
(X1500.)  {Army  Med.  School  Col- 
lection, Waflhintcton,  D.  C.) 
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three  or  four  hours  for  forty-eight  hours  for  tertian  and  aestivo- 
autumnal,  and  for  sevcnty-lwo  hours  for  quartan. 

Two  fornis  of  sporonts  or  gainetocytes  may  be  seen;  in  one  the 
quantity  of  chromatin  is  large  and  the  cytoplasm  pale  hlue;  while 
in  the  other  the  reverse  is  found,  the  nuclear  chromatin  is  com- 
paratively 8*naH  in  quantity  and  the  cj'toplasni.  hoing  nch  in 
nutrient  matt'rinl,  stauis  deeply.  The  first  form,  uilh  nhundnnt 
chromatin,  is  the  malc^  or  microgametocyte,  and  the  latter  the 


Flo.  160— Plasmodivm  talcxtarxjm,  M.vlb  Crescent.     (.\nny  Med.  School  Col- 
lection, Wflshiogton,  D.  C.) 


female,  or  macrogametocyte.  The  differentiation  between  schizont 
and  Kporont  may  bo  made  while  the  parasiirs  nvo  still  quitu  yuung, 
since  the  schizont  is  characterized  by  the  presence  of  a  nutrient 
vacuole,  and  the  sporont,  of  equal  age,  wliile  lacking  the  vacuole, 
shows  a  greater  amount  of  hi-mozoin.  which  is  never  concentrated 
in  the  center  of  the  parasite  but  is  scattered  equally  throughout  the 
body.  The  cytoplasm  of  the  sporont  is  less  tluid  than  that  of  the 
schizont  and  shows  no  tendency  to  ameboid  motion.  The  chromatin 
is  relatively  large  in  amount  and.  although  broken  up  more  or  lea|- 


into  grattules  and  threads,  shows  no  real  tendency  to  8*gfmonl  or 
dispers(.',  but  remains  a  compact  niasH. 

The  quartan  parasite,  when  stained  with  Wright's  or  a  similar 
preparation,  shows  quite  regular  and  symmetrical  Regmentation, 
usually  into  tight  merozoites.  The  distinction  between  schizont  and 
sporont  and  between  male  and  female  gametocytes  may  be  made 
on  the  same  grounds  as  in  tertian. 

In  aestivo-autumnal  fever  the  chromatin  dot  in  the  young  ring 
is  often  doubled,  or  even  trebled,  and  in  general  is  large  and  stains 
brilliantly.  The  adult  and  half-grown  gametes  may  be  differentiated 
into  male  and  female  Ijy  the  criteria  already  given. 

Thf  Examination  of  Fresh  Blood. — Directions  Iiavc  already  been 
given  (Chap.  LIX)  for  making  wet  preparations  and  if.  by  ringing 
the  eover-glasH  with  vaseline,  drying  be  prevented,  the  preparations 
will  keep  and  may  be  studied  for  hours.  In  tertian  fever  ihe  young 
ring  forms  are  at  first  difilcult  to  detect,  tinleas  the  amount  of  light 
going  through  the  microscope  be  cut  down  to  the  minimum.  As  the 
parasite  grows  older,  an  increasing  number  of  hemozoin  granules 
appear,  and  since  they  are  in  constant  motion  the  parasite  is  readily 
detected.  Its  cytoplasn»  is  delicate,  and  with  very  young  parasites 
is  difficult  to  distingiush  from  the  red  cell  itself;  older  parasites, 
however,  develop  pseudopods,  which  are  constantly  projected  and 
retracted,  and  the  entire  orgaiusm  shows  active  movements,  render- 
ing it  easy  to  see.  The  pigment  continues  to  increase,  and  in  the 
gametes  is  abundant  and  in  constant  motion;  the  gametes,  however, 
fail  to  show  any  ameboid  changes,  and  the  protoplasm  is  stiff  and 
rigid  with  a  regular,  unbroken  margin.  At  times  a  clear  refractile 
spot  is  seen,  which  is  the  nucleus.  The  infected  erj'throeyte  js  pale 
and  .swollen.  Even  in  unstained  preparations  the  sexes  may  be 
distingui.shed;  the  microgametocyte  is  about  t)ie  si^e  of  a  red  cell, 
the  cytoplasm  is  In'alin,  and  after  the  preparation  has  been  made 
ten  to  twenty  rainutes  the  flagella,  or  microgametes,  may  be  seen 
thrashing  about  in  the  parasite.  After  repeated  attempts  four  to 
eijjht  microgametes  rupture  the  cell  and  emerge.  The  maeroframete 
is  larger  than  a  red  cell  and  b  finely  granular  and  no  exflnf^ellation 
of  microgametes  occurs. 

In  quartan  malaria  the  differences  already  described  in  stained 
blood  may  be  easily  followed. 

In  fl?stivo-autumTial  fever  the  diagnosis  wit])  fresh  blood  is  much 
more  diflficiilt  in  new  infections  l>ecausc  of  the  relative  scai-city  of 
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the  parasites  in  the  peripheral  blood  and  the  exceedingly  small  size 
of  the  young  ringfs,  the  absuuce  of  hemozoin  in  Uum,  and  iJic  very 
hlight  ameboid  motion.  The  older  v'mgs  aiv  larger,  eontain  some 
pigment  and  are  more  easily  seen.  The  infected  erj'throcyte  is 
never  pale  nor  swollen,  hut.  on  tlu*  contrary,  may  be  shrunken  and 
brassy  in  color.  The  eruscentic  gametoeytes  are  readily  detected, 
and  the  sexes  may  be  diflFerentiated  by  their  shape  and  the  hyaline 
or  gi'anular  uharaeter  of  the  eytoplastn. 

Incubation  Period  of  the  Malarial  Fivers. — Two  methods  have 
been  iiaed  to  detennino  this  point — the  injection  of  infected  malarial 
blood,  and  biting  experiments  with  infected  anophelines.  By  tht 
first  imithod  the  inculmlion  period  was  eighteen  days  (the  longest) 
for  quartan,  three  days  (tho  shoitest)  for  Kstivo-autumnal,  and  ten 
days  for  tertian.  By  the  soeond  method  testivo-autumTial  was  nine 
to  twelve  days,  tertian  fourteen  to  nineteen  days,  and  quartan 
eighteen  to  twenty-one  days.  .Since  leslivo-autiunnal  is  the  only 
pa''asite  which  can  comi)lete  its  cycle  in  twenty-four  honre,  the  short 
incubation  period  is  easily  understood;  on  the  otlier  hand,  the  long 
life  cycle  of  quartan,  seventy-two  hours,  explains  its  slower  develop- 
ment. 

Clinical  descriptions  of  the  malarial  fevers  may  be  found  in  the 
standard  text-1>ooks  on  medicine,  and  it  is  only  necessary  heTe  to 
refer  briefly  to  the  vanous  forms  found  in  practice.  The  classical 
malarial  fever  consists  of  a  senes  of  paroxysms,  following  one  an- 
other with  a  definite  periodicity,  daily,  every  other  day,  or  every 
third  day.  Each  paroxysm  is  ushered  in  by  a  pronounced  ciiill, 
whieh  is  souietiau^  preceded  by  malaise,  headaelte  and  lassitude. 
The  ehill  lasts  from  ten  ndnutes  to  an  hoiir  or  more,  and  the  patiest 
wraps  himself  up  in  heavy  blankets.  During  the  chill  the  tempera- 
ture begins  to  rise  and  within  a  few  hours  reaches  its  high  point, 
103°  to  106°,  aiui  then  falls  slowly  to  normal  during  the  next  few 
hours.  The  decline  of  the  fever  is  accompanic^d  by  a  profuse  per- 
spiration. Successive  paroxysms  may  occur  at  exactly  the  same 
hour  of  the  day,  or  may  anticipate,  fcb7'iR  anteponena,  or  he  delaye<l 
an  hour  or  more,  fihris  posiponeris.  The  sequence  of  evehts,  therefore, 
iu  a  typical  malarial  paroxysm  is  malaise,  ehill,  fever  and  sweat, 
followed  by  a  period  of  jip]>ari^nt  well-being. 

There,  is,  of  eouraci  a  typical  sj-mptomalblogy  and  clinical  course 
in  the  various  forms  of  malarijil  fover,  hut  it  must  not  be  forgotten 
that  there  are  many  aiypival  cases,  and  that  irialari^^^^rotgia 


di0es«e,  mimkkin^  many  utber  infections,  and  that  vntlMyat  a  prapflT 
examination  of  th«  blood  that  a  correct  diagnosia  is  frequently  im- 
poanblc.  Pcmidons  malaiia  is  often  mistaken  for  typhoid,  for 
gastric,  renal  or  cerebral  disease,  and  malaria  in  children  may  end 
fatally  witfaoat  presenting  any  of  the  classical  symptoms,  blood 
cxaminatioiis  in  all  febrile  cases  in  malarious  districts  are  therefore 
necessary  to  a  correct  diagnosia. 

The  moat  important  sequel  is  marked  secondary  anaemia,  whleh 
cornea  on  rapidly,  even  in  casca  so  mild  that  their  nature  is  unsus- 
pected; in  severe  caae«  the  red  cell  count  may  drop  to  three,  two 
or  even  one  million  red  ceDa  per  cubic  millimeter.  The  occurrence 
of  anemia,  in  malarious  reinoas,  should  always  lead  one  to  suspect 
this  discaH«'.  It  disappears  rapidly  under  proper  quinine  treatment 
hut  recovery  can  l>e  hastened  by  the  administration  of  iron  and 
arsenic. 

1.  Tertian  malaria  is  distinguished  by  a  chill  and  fever  occurring 
every  other  day,  tht-  patient  feeling  quite  well  on  fever-free  days. 
A  double  tertian  infection  occurs  not  infrequently,  giving  a  daily* 
or  quotidian,  chill  and  fever  with  no  free  day. 

2.  Quartan  fever,  which  is  relatively  rare,  gives  a  chill  and  fever 
every  third  day,  with  two  fever-free  days.  In  this  disease  also  there 
may  be  double  or  even  triple  infections,  giving  a  quotidian  or 
irregular  type  of  fever. 

3.  .£stivo-autumnal  fever  (subtertian,  or  malignant  tertian) 
shows  an  irregular  temperature  curve,  the  cycle  varying  from 
twenty-four  to  forty-eight  hours.  By  some  authors  this  type  of 
malaria  is  divided  Into  two  forms,  quotidian  and  tertian,  the  former 
giving  a  minute  ring,  the  latter  a  larger  one.  As  multiple  infections 
are  common  the  resulting  fever  curve  may  be  irregular  or  continuous 
and  the  chill  entirely  absent.  In  contrast  to  the  regular  intermit- 
tency  of  tertian  and  quartan  this  form  Is  often  remittent,  the  tem- 
perature curve  never  dropping  to  normal. 

4.  Mixed  infections  with  any  two  of  the  alxjve  fevers  are  often 
found  in  had  malarial  regions  in  the  tropics. 

5.  Latent  malaria  is  also  not  infrequent,  in  which  the  patient. 
having  no  symptoms  of  the  disease,  consults  a  physician  for  some 
other  reason. 

In  a  region  where  the  disease  is  very  prevalent,  Bass*  has  shown 
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that  almost  half  (45  per  cent)  the  infections  are  latent,  give  rise 
to  no  syniptoms  and  have  negative  histories. 

6.  The  carrier  state  is  found  among  natives  or  persons  long 
resident  in  malarial  regions,  and,  aside  from  the  presence  of  a 
large  spleen  and  some  secondary  anemia,  may  present  no  symptoms. 
It  is  particularly  common  among  native  children,  tramps  and  vaga- 
bonds. It  is  not  uncommon  to  find  fifty  to  one  hundred  per  cent 
of  the  children  in  a  native  village  harboring  tlie  parasite. 


THE  DEVELOPMENT  OF  THE  HUMAN  MALARIAL  PARASITE 
IN  THE  MOSQUITO 

(Hexual  half  of  (he  life  cycle,  Sporoyonie) 

For  this  stage  to  be  successful  the  mosqiuto  must  bite  a  malarial 
patient  with  gametes  in  his  bloody  for  if  the  patient  be  one  in  the 
first  stage  of  the  disease,  with  only  schizonts  in  liLs  blood,  no  infec- 
tion of  the  inowjuito  will  take  place,  sinee  the  sehizonts  all  perish 
in  its  stomach.  On  the  contrary,  if  the  mosquito  takes  blood  from 
a  person  who  has  l>een  ill  vnth  malaria  for  some  time,  or  from  an 
apparently  healthy  carrier,  the  schizonts  die  as  usual,  but  the 
gametes  find  in  the  mosquito  stomach  for  the  first  time  conditions 
suitable  for  their  further  development. 

The  various  stages  may  be  studied  by  causing  suitable  species 
of  anophelines  to  bite  persons  with  many  gametes  in  their  blood, 
and  then  dissecting  the  stomach  and  observing  the  changes  which 
take  plaee  there.  The  development  is  visible  in  unstained  specimens 
with  high,  dry  lenses.  Since  there  is  no  essential  difference  in  the 
development  of  the  three  forais  of  malaria  in  the  mosquito,  they  will 
be  considered  togither.  The  first  stage  has  already  been  described 
in  discussing  the  appearance  and  behavior  of  gametes  in  fresh  blood. 
In  the  mosquito  the  process  may  be  followed  further;  the  macro- 
gamete,  freed  from  its  enveloping  red  cell,  projects  a  little  mound 
on  its  surface,  and  this  apparently  attracts  the  microgametes  to 
its  neighborhood.  Into  this  mierophyle  one,  but  never  more,  of  the 
fiagella  penetrates,  following  which  the  moiuid  is  instantly  retracted. 
The  fertilized  macrogamete,  now  called  a  "zygote,"  soon  develops 
the  power  of  vermicular  motion,  then  being  called  an  ookinet,  and 
travels  to  the  wall  of  the  stomach,  and,  like  the  coccodia,  penetrates 
an  epithelial  cell  and  there  encysts,  making  the  oocyst.    This  grows 


rapidly  and  soon  escapes  from  its  host  cell  and  comes  to  lie  in  the 
outer  layers  of  the  stomach  wall,  and  as  it  gi-ows  projects  into  the 
body  cavity  of  the  mosquito.  The  nucleus  divides  repeatedly,  always 
accompanied  by  some  of  the  eyloplasm,  forming  numerous  sporo- 
blasts.  and  these,  in  turn,  sub'livide  into  iuniuuerable  sporozoitos; 
these  last  eseape,  with  the  rupture  of  the  oocyst,  into  the  body 
cavity.  From  there  they  pass  to  all  parts  of  the  mosquito,  but 
especially^  perhaps  because  of  eheinotaxis,  to  the  salivary  glands 
and  duets,  and  when  next  the  mosquito  bites  a  waim-blooded  host 
the  sporozoites  enter  the  blood  stream  and  start  life  anew. 

Cultivation  of  the  Malarial  Parasites  in  Vitro. — Bass  and  Johns  in 
1911  anniHiiued  the  cultivation  of  a  few  tjenerations  of  plasmodium 
vivax  in  irtVro  under  strict  anaerobic!  conditions.  Ten  c.c.  or  more  of 
blood  from  u  malarial  patient  is  defihnnated  and  distributed  in  small 
test  tub«*s  in  one  e.e.  quantities  and  to  it  is  added  one  per  cent  of  a 
fifty  per  cent  solution  of  glucose.  The  red  cells  settle  so  that  they 
are  covered  with  one-half  em.  of  serum;  the  parasitic  grow  in  a 
thin  layer  near  the  top  of  the  ctU  mass;  beneath  this  tlicy  die,  or 
are  phagoeyted.    The  optimum  temperature  is  19*  to  40"  C. 

Ba.sa  states  that  he  has  enltivat<Hl  all  thi-ee  species  of  plasmodia 
by  destroying  I  he  complement  by  heating  one-quarter  to  one-half 
hour  at  4^  C,  Under  strict  anaerobiasis  it  was  passible  to  transfer 
the  eulture.s  and  to  kee])  them  alive  for  twenty  days. 

liransmission. — Transmission  is  solely  by  various  species  of 
anopheles  mos^juitoea.  Although  there  are  fifty  or  more  recognized 
species,  only  sixteen  have  been  proved  malarial  carriers.  The  more 
important  are  Anuphdes  quadrimxicnlaiu^  in  the  -United  States, 
Ayivpheles  albimanug  in  the  American  tropics,  Anopheles  maculipennia 
in   Europe,  Atwphelcs  Henemtis  in  India,  and  Anopheles  costalis  in 

AfTM'.il. 

Description  of  the  Mosquito. — It  ia  impractical  to  give  more  than 
a  hasty  description  of  mosquitoes,  and  the  reader  is  referred  to 
larger  works  on  thv  subject  (Howard.  Dyer  and  Knah;  Theobald 
or  "Medical  Kntonwtlogy,"  Patton  and  Cragg,  London,  Madras  and 
Calcutta.  1913).  Malaria  at  Home  and  Abroad,  8.  P.  James,  1920. 
It  may  be  noted,  howev*fr,  that  the  Culicida,  or  mosquitoes,  belong 
to  the  Dipitraj  or  two-win«ed  insects/  They  pass  through  four  distinct 
stages  in  their  development,  the  egg.  larval,  ])Upal  and  adult  or  imago 
stage.  The  eggs  are  invariably  laid  in  water  where,  if  the  temperature 
ia  warm,  they  hutch  in  one  Mj  fonr  days,    Anopheles  eggs  are  single 
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and  oval,  supported  on  the  surface  of  the  water  by  ornamental  air 
eelb;  those  of  culex  are  cemented  together  when  bid  iu  raft-like 
masses. 

The  hoine  are  aquatic  and  die  quickly'  out  of  walor.  They  ore 
both  bottom  and  top  feeders,  eat  vomeiously.  consuniiiij?  nigie  and 
other  vegetable  matiiT.  and  some  varieties  are  uanuibaliMic.  The 
larvK  are  provided  with  a  breathing  tube  or  respirator^'  Hiphon  pro- 
jecting upward  from  the  dorsal  surface  at  the  caudal  end,  and  iu 
breathing  this  is  thrust  upward  to  the  surface  of  the  water  and  the 
larva  hangs  suspended  from  the  surface  film,  In  the  anophclinos  the 
breathing  tube  is  short  and  its  angle  with  the  Iwdy  is  siu-h  that  the 
Iai"va  lies  parallel  with  the  surface;  with  eulex  and  otht^r  genera  the 
body  lies  at  an  angle  with  the  surface.  The  larval  stage  lasts  about 
six  to  fourteen  days,  depending  upon  the  tempeniture  and  fixid  sup- 
ply, and  is  followed  by  the  pupal  stage,  during  which  no  feeding 
oecui-8;  the  pupa,  however,  needs  air  and  Is  provided  with  a  short 
respiratory  tube  at  each  side  of  the  head.  The  liabit  of  coming  to 
the  surface  of  the  water  to  obtain  air.  which  obtains  in  nil  mosquitoes 
except  the  Mansoniat  gives  a  point  of  attack  in  coiidmting  them,  since 
a  layer  of  mineral  oil  on  the  surface  of  the  water  occludes  the  respira- 
tory siphon  and  so  kills  them. 

The  iidult.  or  imaj^o.  emerges  from  the  pupa  when  the  latter  is  one 
to  three  da>'s  old ;  the  pupal  case  rujUures  along  its  do!*som  and  the 
emerging  imago  rests  on  the  jluating  pupal  ease  until  its  wings  hvc 
dry.  Since  this  is  a  critical  stage  in  its  life  history  and  deiiiands 
quiet  water,  it  is  evident  that  the  least  wave  action  is  fatal  to  Ihe 
mosquito, 

The  nature  of  the  breeding  place  is  charaeteristic,  to  a  certain 
extent,  of  each  genus  of  cuOcidxr;  ategom>'ia  {adea  ottlopiii)^  the  car- 
rier of  yellow  fever,  for  example,  is  strictly  donu*sti<*  and  breeds  in 
water  jars,  tin  cans,  old  beer  bottles  and  other  artificial  eolicetions 
of  water,  tcyeomyta  breeds  exclusively  in  the  fluid  at  the  base  of  the 
leaves  of  air  plants  {hromcliads)  ;  the  anophelincs,  while  domestic  to 
the  extent  that  tlu^y  live  near  human  habitations,  require  natural 
collections  of  water  for  breeding  places,. such  as  sheltered  spots  along 
the  overgrown  Imnks  of  strrams,  temporary  puddles  and  even  in 
water  in  the  footprints  of  man  and  animals. 

A  proper  classilication  of  mosquitoes  requires  considerable  train- 
ing, but  tlie  following:  points  will  suffice  to  separate  the  onopbelinea 
from  other  mosquitoes.     On  either  side  of  the  proboseia,  as  seen 
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under  a  hand  lens,  are  two  pairs  of  organs;  next  to  the  proboscis 
are  the  palpi,  and  outside  of  these  the  antennse;  the  latter  serve 
to  distinguish  the  sexes^  the  autenne  of  the  male  being  heavily 
Vnamented  with  a  bushy,  hairy  investment  (plumose) ;  the  female 
anteiins,  on  the  contrary,  are  provided  with  relatively  few,  short 
hairs,  arranged  in  rings  at  the  joints  (pilose).  In  the  anophelines 
the  palpi  in  both  sexes  are  long,  at  least  as  long  as  the  proboeis, 
while  in  all  other  nioscjuitoes  they  are  short  in  the  female  or  in 
both  sexes.  This  is  the  principal  differential  point.  The  wing  mark- 
ings are  of  some  help,  since  anopheline  wings  are  almost  always 
spotted-  Quite  characteristic  also  is  the  position  assumed  by  both 
genera  while  at  rest ;  among  the  anophelines  the  head,  thorax  and 
abdomen  are  all  in  a  straight  line  and  the  insect  makes  an  angle 
with  the  surface  upon  which  it  rests;  while  the  culicid©  are  hump- 
backed, the  thorax  and  head  are  bent  on  the  abdomen  so  that  the 
latter  lies  parallel  to  the  surface.  By  these  characteristics  it  is 
easy  to  identify  a  mosquito  as  an  nnopheline,  but  the  further  classifi- 
cation into  species  is  less  simple,  and  works  on  entomology  must 
be  consulted. 

The  life  history  of  the  anophelines  is  not  yet  completely  known; 
they  fly  and  bite  at  dusk  and  dawn  and  during  the  night,  and  thus 
differ  from  stcgomyia  and  most  other  culicidGe,  which  are  day-time 
biters.  Their  breeding  places  havc^  already  been  described;  of  special 
importance  are  the  temporary  collections  of  water  in  whieli  the 
larvw,  unhampered  by  their  natural  enemies,  quiekly  reach  maturity 
in  large  niunbers.  With  abundance  of  food  and  warm  weather,  the 
larvffi  may  require  no  mure  thaji  ten  days  to  complete  their  three 
molts.  The  female  alone  sucks  blood,  tlie  male  living  on  fi-uit  and 
vegetable  juices.  Egg-laying  does  not  take  place  until  after  a  meal 
of  blood,  and  it  is  possible  that  the  female  journeys  fairly  long 
distances  to  obtain  this  food,  and  that  the  first  flight,  from  breeding 
place  to  human  habitations,  may  be  longer  than  subsequent  flights. 
In  general  the  flight  is  short,  not  over  three  hundred  yards,  and 
Gorgas  found,  in  Panama,  that  a  clearing  of  that  width  about  houses 
gave  ample  ]>rotection. 

The  incubation  period  of  the  parasite  in  the  mosquito  is  about 
twelve  days,  after  which  the  insect  remains  a  carrier  during  the 
rest  of  it8  life,  and  as  the  health  of  the  mosquito  is  unaffected,  this 
may  be  for  two  months  or  more. 


Epidemiology. — Sincp  malarin  is  ponveyed  solely  by  the  bito  of 
an  inlVctcd  aiioplieliiie,  the  epidemiology  is  comparatively  simple. 
In  practice,  nevertheless,  the  prevention  of  the  disease  is  extremely 
diftioult ;  but  it  is  the  same  for  all  forms  of  malaria.  It  must  be 
attacked  from  all  possible  angrlea  and  the  following  are  the  main 
points  to  be  observed : 

1.  Screened  houses  afford,  perhaps,  the  simplest  form  of  protec- 
tion, and  in  beginning  work  in  a  new,  badly  infected  place,  should 
be  the  flrat  thing  provided,  since  they  atTord  a  plaee  of  security  in 
an  otherwise  dangerous  area,  where  the  workers  may  take  refuge 
until  the  situation  is  under  control.  This  method  alone  has  given 
maftiiihcent  results  in  Italy  (Celli)  since  it  was  first  used  experi- 
mentally by  Bambon  andljow  in  the  Roman  Campagna.  The  screens, 
to  bf  durabU',  mnst  be  of  bronze  and  not  iron,  and  of  a  tine  mesh 
(20  strands  to  the  inch),  and  should  be  placed,  not  on  windows  and 
doors,  but  on  the  ontside  of  porches  and  balconies;  doorways  should 
have  screened  vestibuk'S, 

In  default  of  metallic  house  screens,  bed  nets  may  be  used, 
although  they  are  not  very  satisfactory,  since  one  must  retire  at 
dxisk  to  be  protected.  In  default  of  both  screens  and  bed  nets. 
something  may  be  accomplislied,  temporarily,  by  daily  mosquito 
catching,  and  in  Panama  the  method  has  given  remarkable  results. 
A  native,  armed  with  a  small  acetylene  lantern  and  a  few  catchinR. 
bottles,  soon  becomrs  expL-rt,  and  can  capture  each  day  all  the 
mosquitoes  in  a  number  of  dwellings.  In  this  way  very  few  anophe- 
lines  <*seape  capture  long  enough  to  become  infective  for  man. 
Chloroform  catching  bottles  are  easily  prepared  by  packing  a  half 
ounce  of  small  rubber  bands,  cut  up  finely,  into  the  bottom,  and 
pouring  in  as  much  chloroform  as  the  rubber  will  absorb  and 
covering  it  over  with  dry  blotting  paper.  The  wide-mouthed  catch- 
ing bottle  is  uncorked  and  inverted  over  the  resting  mosquito,  which 
is  killed  by  the  chloroform.  A  convenient  trap  bottle  has  been 
described  by  Ln  Prince,  lielow  the  cork  is  placed  a  funnel  trap, 
making  it  x'ossible  to  pass  from  one  spot  to  another  without  waiting 
for  the  chloroform  to  act  upon  the  mosqmto. 

2.  The  second  measure  is  the  prevention  of  mosquito  breeding; 
this  is  a  large  but  not  a  hopeless  undertaking,  if  carried  out  intel- 
ligently. In  the  first  place,  it  is  to  be  remembered  that  compara- 
tively few  mosijnitnes  are  disease  carriers,  and  that  measures  need 
be  directed  against  them  only.     It  was  first  shown,  for  example,  by 
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Gorgas,  in  Havana,  that  stcgomyia  could  be  practically  exterminated 
by  doiiiif  away  with  water  in  artilicial  ci^utaiiifrs  in  the.  neighbor- 
hood of  dwellings;  thi^  bo  reduced  their  nambers  that  when  a  case 
of  yellow  fever  was  introduced  into  a  community  the  disease  would 
not  spread.  In  the  same  way  malaria-carrying  mosquitoes  may  bo 
fought,  without  regard  to  the  presence  of  non-disease  carriers.  An 
accurate  mosquito  survey  is  first  made,  both  by  examination  of  the 
catch  of  adults  and  by  a  hunt  for  larv»  in  collections  of  wateF 
throughout  the  district.  A  puddle  or  stream  is  examined  by  dipping 
with  a  while  saucer  or  a  long-liandlcd  dipper,  along  the  margins; 
after  a  little  practice  it  is  possible  to  obtain  any  larva;  which  may 
be  present,  and  to  decide  by  their  appearance  and  behavoir  whether 
they  are  anophelines.  It  is,  of  course,  unuecissary  to  waste  time 
and  money  destroying  collections  of  water  free  from  anophelines. 
AVhen  the  breeding  places  have  been  located,  they  may  be  destroyed 
by  the  use  of  oil  or  larvacide,  by  draining  or  by  filling. 

The  use  of  oil  and  larvacides,  while  usually  a  temporary  measure, 
is,  nevertheless^  of  great  importance;  any  light  fuel  oil  may  be  used 
by  spraying,  by  mopping  the  sides  of  ditches  or  margins  of  ponds, 
or  by  a  drip  barrel  at  the  head  of  a  water  course.  Since  in  the 
malarial  season  the  mosquito  develops  rapidly  the  oil  must  be  applied 
regularly  once  a  week.  It  is  better  in  the  long  run  to  begin  in  the 
center  of  the  settlement,  with  permanent  improvements,  working 
outwards  as  money  becomes  available,  and  not  to  depend  on  oiling 
except  OS  a  temporary  measure. 

Wlierever  possil»le,  the  swampy  areas  and  pools  must  be  drained, 
and  for  this  pur]>i.»8e  botli  agricultural  tile  and  open  ditches  may  be 
used ;  in  the  tropics  it  is  necessary  to  line  the  latter  with  concrete 
to  prevent  overgrowth  by  rank  vegetation  and  to  protect  the  banks 
against  caving.  Where,  because  of  the  lay  of  the  land,  drainage  is 
impracticable  the  area  may  be  filled,  or  sometimes  flooded,  or 
irrigated  with  soa  water,  in  whifh  most  anophelines  do  not  survive. 

3.  The  infection  is  kept  alive  in  a  community  by  human  carriers, 
and  tliese  are  especially  common  among  natives  and  the  poor  and 
ignorant,  and  especially  among  tlie  native  elnldren.  Newcomers 
should  not  live  within  five  hundred  yards  of  the  dwellings  of  these 
ciassee,  as  infected  anophelines  can  easily  travel  shorter  distances. 
Only  when  it  is  possible  to  protect  the  natives  also  hy  these  measures 
is  it  safe  to  live  among  tliem;  and  that  this  is  possible  has  been 
shown  many  times^  partieularly  in  Panama. 


4.  The  proper  treatment  and  cure  of  all  cases  will  not  only 
prevent  relapses  and  the  carrier  state  (malarial  cachexia),  but  is 
one  of  the  most  important  means  of  exterminating  the  disease,  since 
every  neglected  cose  becomes  a  focus  for  new  mosquito  and  in  conse- 
quence new  human  infections.  It  is  just  as  important  a  part  of  the 
prevention  of  the  disease  as  any  other  single  measure,  and  in  general 
has  been  given  too  little  consideration.  Between  50  and  90  per  cent 
of  all  malarial  attacks  are  relapsrs  and  not  new  infections,  and 
these  eases  can  be  cured  and  the  sick  rates  be  reduced  accordingly 
by  gi^ang  proper  and  adequate  treatment  during  the  acute  attack 
and  during  convalescence.  This  means,  in  cfPeet,  that  the  education 
of  the  physicians  and  of  the  community  in  general  must  be  under- 
taken by  the  health  authorities.  It  is  not  sufficient  merely  to  obtain 
the  support  of  the  physicians  in  any  given  locality,  for  perhaps  not 
more  than  25  per  cent  of  all  cases  of  malaria  ever  consult  a  physician. 
Many  now  buy  various  advertised  remedies  most  of  which  are  of 
little  value,  but  so  far  as  they  are  curative,  the  good  effect  is  without 
doubt  due  to  the  quinine  which  they  contain.  The  general  public 
can  be  influenced  to  buy  and  takt^  quinine  in  adequate  doses  over  a 
considerable  period  by  the  educational  division  of  the  Health  Depart- 
ment. Hass  in  Mississippi  has  obtained  excellent  i-esults  by  using 
and  advocating  the  use  of  a  standard  treatment  of  ten  grains  a  day, 
after  the  acute  attack  is  past,  for  a  period  of  eight  weeks.  While 
this  will  not  cure  all  cases,  it  is  a  great  improvement  upon  the 
system  of  treatment  commonly  used.  To  provide  as  far  as  possible 
for  \hv  eouliauatioii  uf  the  treatment  for  the  regular  period  of 
eight  weeks,  the  standard  package  sold  and  recommended  by  the 
local  health  authorities  contains  enough  quinine  for  the  complete 
treatment,  and  it  is  impossible  to  buy  a  part  of  it  at  the  ofHcial 
pnce.  The  immediate  effect  upon  the  morbidity  and  mortality  rates 
of  adequate  treatment  of  malarial  attacks  is  immediate  and  very 
satisfactory.  It  is  not  so  much  a  question  of  educating  the  public 
to  take  medicine  for  their  illness,  they  already  do  tiiat  in  some 
form  or  other,  as  it  is  to  educate  them  to  take  quinine  in  proper 
doses.  The  influence  upon  the  amount  of  malaria  iji  a  commiuiity 
of  proper  treatment  of  all  casus  is  difficult  to  estimate,  l>ecausc  of 
the  shifting  of  population  in  malarious  regions,  but  it  promises  to 
diminish  tJic  number  of  carriers  and  correspondingly  the  number 
pf  foci  of  infection. 
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5.  Quinine  prophylaxis  is  an  unsatisfactory  measure  which  must 
be  used  hy  travelei*s»  explorers  and  troops.  There  is  no  method  of 
using  quinine  wliieh  will  entirely  prevent  malaria  when  the  chances 
for  infection  arc  many;  the  following  methods  have  all  been  uaed: 
(1)  The  so-called  gram  prophylaxis,  in  which  one  gram  of  quinine 
is  taken  intermittently  every  tentli  day  as  the  minimum  to  every 
fourth  day  as  the  maximum.  The  gram  may  be  taken  in  a  single 
dose  at  bed-time,  or  in  four  divided  doses  diu-ing  the  day-time.  {2) 
Tlie  double  gram  prophylaxis,  in  which  the  dose  is  taken  on  two 
successive  days,  a.s,  for  exam'ple,  on  the  tenth  and  eleventh,  or  on 
the  fifth  and  sixth.  (3)  The  half  gram  prophylaxis,  as  proposed  by 
A.  Plchn,  was  0.5  gram  every  fifth  day;  experience  has  shown  that 
it  is  of  little  value.  (4)  A  daily  dose  of  0.4  to  0.8  gram  gives  better 
results  than  any  other  method,  since  the  patient  suffers  less  from 
cinchonism  than  when  larger  doses  are  taken  intermittently,  and 
takes  his  quinine  more  faithfully.  The  size  of  the  dose  depends  on 
the  form  of  fever  present  and  the  number  of  chancer  for  infection; 
0.4  gram  will  often  protect  against  tertian  and  quartan,  wliile  even 
0.8  may  fail  to  prevent  sestivo-autumnal.  Intent  infections  and 
relapses  among  "prophylacticers'*  are  common  and  black  water 
fever  is  not  an  infrequent  sequel. 

It  is  well  to  reracniher  that  quinine  is  rapidly  absorbed  from 
the  intestinal  tract  and  also  as  rapidly  excreted,  and  that  so  far 
as  possible  the  doses  should  be  properly  timed. 

It  is  probable  that  quinine  is  already  in  the  blood  within  half 
an  hour  nf  the  time  it  is  taken,  and  that  the  wliolc  dose  i.s  absorbed 
within  six  hours  and  that  most  of  it  has  already  been  exercted  in 
the  same  period.  To  provide  quinine  in  the  blood  in  suflRcient  con- 
centratiun  to  Iw  ciTcctive  in  killinf^  the  sporozoites  injected  by  the 
mosquito,  it  is  most  reasonable  to  take  one  dose  of  dye  grains  an 
hour  before  sunset,  and  a  second  dose,  if  one  is  compelled  to  be 
out,  just  before  midnight.  Ten  grains  taken  in  this  way  will  provide 
against  infection  at  dusk  and  at  dawn,  the  two  principal  periods 
during  wlncli  the  anophelines  bite,  better  than  one  dose  at  bed  time, 
of  the  same  size. 

6.  Personal  prophylaxis  by  means  of  head  nets,  gloves,  suitable 
clothing,  and  the  use  of  essential  oils^  such  as  citronclla,  on  exposed 
parts  of  the  body,  is  helpful  in  emergencies. 

7.  The  protection  nf  hiuuan  beings  by  means  of  animal  harriers 
has  been  recommended  by  several  writers.     The  subject  has  been 


reviewed  b>'  Roubaud,'  who  has  been  much  impressed  by  the  prac- 
tical disappuaraucu  ol:  malaria  from  France  without  a  eoi-respondiiig 
dimiuution  of  auophelines  capable  of  acting  as  carriers.  In  La 
Vendee,  a  Department  of  France,  are  re^ons  where  there  are  many 
swamps  and  few  cattle  or  domestic  animals  and  it  is  in  such  regions 
that  human  malaria  remains;  in  other  regions,  abundantly  supplied 
with  domestic  animals  the  disease  has  practically  disappeared  al- 
thoujrh  anophelines  still  may  be  found  in  the  animal  shelters.  He 
believes  that  the  insects  prefer  the  blood  of  cattle  and  horses  to  that 
of  human  beings,  and  that  a  sufficient  number  of  animals  will  protect 
the  human  inhabitants  against  infection  in  an  otherwise  nialariou? 
locality.  The  method  is  of  sufficient  importance  to  merit  further 
study  and  trial. 

In  conclusion,  it  may  be  affirmed  that  any  district,  no  matter 
how  notorious,  may  be  freed  from  malaria,  if  necessity  demand  it 
and  money  be  forthcoming,  by  means  of  the  al>ove  measures. 

Pathology. — The  pathological  features  of  the  disease  are  quite 
detinitt;;  at  autopsy  there  is  evidence  of  some  secondary  anemia,  due 
to  the  destruction  of  enormous  numbers  of  erythrocytes;  the  hemo- 
zoin.  in  well-marked  cases,  accumulates  in  the  viscera  until  they 
are  chocolate  or  slate  colored;  the  spleen  is  enlarged  and  friable, 
and  the  liver  and  kidneys  may  show  cloudy  swellinff.  In  smears 
prepared  from  the  spleen,  liver,  kidneys,  brain  and  bone  marrow, 
parasites  and  heniozoin  will  be  found,  although  the  former  may  not 
be  numerous.  The  distribution  of  the  parasites  is  usually  unequal, 
but  they  are  often  present  in  the  spleen  and  brain  in  greatest 
numbers. 

The  origin  of  the  pigment  has  already  been  described;  it  is 
phagocytcd  and  accumulates  in  the  viscera,  but  after  a  time  dis- 
appears in  some  unknoMTi  way;  its  presence,  therefore,  is  an  indica- 
tion of  malaria  in  recent  years.  It  must  be  distinguished  from 
hemosiderin,  a  yellowish  pigment  found  in  the  viscera  after  extensive 
destruction  of  red  blood  cells.  Ffemozoin  is  soluble  in  alkalis  and 
insoluble  in  acids,  water,  chlonDforiii,  alcohol  and  ether,  while  hcjno- 
siderin  is  insoluble  in  acids  and  alkalis  but  soluble  in  alcohol.  Both 
contain  iron,  yet  the  former  (hemnzoin^  does  not  give  a  Berlin  blue 
reaction,  while  it  is  present  with  the  latter. 

,  •  Roubaud,  JE.,  Lea  ConditiuuB  de  nutrition  dea  ftnoplifilen  en  France  et  le  r6le 
<Iu  Betail  dons  Ifi  propbylaxte  du  paludiune.  Aon.  Inst.  Tastevir.,  PariSj  1020, 
34,  IBU 


fciPOROZOA 


1127 


The  leucocytes,  although  increased  during  paroxysm,  are  soon 
diminished  so  that  Ifucopenia  is  characteristic  of  the  disease;  in 
addition,  there  is  a  relative  increase  in  the  mononuclear  leucocytes. 
Tht*  loss  of  hfmoglobin  is  very  great,  yet  is  quickly  recovered  from 
during  convalescence. 

In  fatal  cases  of  eestivo-autumnal  fever  a  striking  feature  is  the 
presence  of  iimiimcrable  infected  red  cells  in  the  capillaries  of  the 
brain  or  abdominal  viscera.  A  smear  from  a  pigmented  brain  may 
show  a  capillary  thrombus  made  up  of  infected  erythrocytes,  most  of 
them  showing  the  sporuiating  stage.  In  deaths  after  repeated  ma- 
larial attacks  the  kidneys  will  show,  in  addition  to  the  presence  of 
many  parasites,  a  marked  chronic  diffuse  nephritis,  one  of  the  most 
important  sequela?  of  the  disease. 

Immunity. — The  disease  is  strictly  confined  to  human  beings,  as 
none  of  the  lower  animals  are  susceptible;  there  appears  to  be  some 
racial  and  acquired  immunity,  although  it  is  incomplete;  in  native 
settlements  the  number  of  children  showing  parasites  in  the  blood  is 
much  greater  than  the  number  of  adults,  yet  the  latter  are  not  abso- 
]ute]y  immune;  one  attack  certainly  gi\*es  no  protection  against  a 
new  infection.  The  evidence  from  different  regions  is  quite  con- 
flicting in  regard  to  immniJty  and  has  been  most  plaxisibly  explained 
in  this  way;  where  the  disease  prevails  throughout  the  year  there  is 
a  constant  reinfection  and  under  this  stimulus  the  body  is  able  to 
keep  up  an  imihunity  strong  enough  to  kill  off  the  parasites  before 
any  symptoms  arise;  in  other  regions,  however,  where  malaria  is  a 
seasonal  disease,  the  constant  stimulus  is  lacking  and  there  is  less 
evidence  of  iinnmnity.  It  has  also  been  noted  that  the  three  varieties 
of  the  disease  are  distinct,  and  that  no  immunity  against  the  whole 
group  Is  obtained  by  an  infection  with  one  species. 

Since  many  mild  cases  recover  without  treatment,  it  is  apparent 
that  some  little  immunity  is  produced  by  an  infection,  yet  it  is  tem- 
porary and  docs  not  protect  against  repeated  relapses.  Before  the 
days  of  radical  treatmept  with  quinine,  relapses  were  the  riile  and 
were  considered  an  essential  feature  of  the  disease  (Manneberg). 

Clinical  experience  teaches  that  relapses  occur  when  treatment 
lias  been  insufficient,  and  especially  after  fatigue,  getting  wet  and 
eatching  cold,  or  after  over-heating  iu  the  tropical  sun,  and  par- 
ticularly after  a  sea  voyage  or  a  long  journey.  They  may  continue 
to  occur  in  a  region  free  from  malaria,  for  about  three  years;  in  a 
malarial  region  it  is  diiBeuU  to  differentiate  between  relapses  and 


reinfections.  They  are  most  frequent  after  quartan^  then  tertian, 
and  least  following  testivo-autuiunal. 

The  cause  of  the  relapse  is  siill  u  matter  of  discussion ;  Schaudiiin 
explained  it  as  due  to  parthenogenesis,  the  niacrogaiuetc  changing  to 
a  sehizont  after  expelling  a  part  of  its  nucleus  and  cytoplasm  and  so 
starting  a  new  cycle  of  nspxual  parasites.  I'raig  Ims  suggostod  an 
intra-corpuscular  conjugation  as  the  beginning  of  a  new  crop  of 
parasites.  It  is  possible  that  the  old  theory,  that  parasites  sumvo 
for  long  periods  in  the  viscera,  is  correct  and  that  the  relapse  is 
brought  about  by  any  condition  which  temporarily  reduces  the  con- 
vales<M'iit*s  inimunity,  sufJi  as  fatigue,  ftr.  H.  (*.  ('lurk,  in  Panama, 
has  examined  a  large  series  of  placentas  from  apparently  healthy 
women  and  found  that  not  infrequently  they  contained  plasmodia  in 
large  numbers,  ^von  in  the  al>sence  of  recent  malarial  attacks.  There 
was,  evidently,  suflRcient  immunity  to  hold  the  parasites  in  check 
under  ordinary  irireumslances. 

Under  ordinary  conditions  the  disease  prevails  more  extensively 
and  in  a  more  severe  form  among  recent  arrivals  in  a  district  than 
among  the  older  residents;  while  this  is  no  doubt  partly  due  to  an 
acquired  immunity,  it  is  not  imprnhahle  that  education  in  the  proper 
methods  of  treatment  of  the  acute  disease,  to  prevent  relapses;  ip 
the  avoidance  of  notoriously  dangerous  areas,  and  in  the  selection 
for  favorable  sites  for  dwelliitg,  and  tlie  protection  of  the  individual 
by  screens,  are  of  equal  importance  in  protecting  the  older  residents. 

A  specially  severe  form  of  malaria  has  been  called  '* campaign 
malaria,"  which  develops  among  troops  in  endemic  areas.  In  such 
cases  the  housing,  and  food  conditions  are  usually  poor,  the  men 
are  engaged  in  hard  and  dangerous  work  at  all  hours  of  the  day 
and  night,  with  the  result  that  they  are  repeatedly  titten  by 
anophelines,  and  theii-  blood  shows  a  multiple  infection. 


BLACK  WATER  F£VEB 


This  condition  follows  malaria  and  octors  only  in  malarial  dis- 
tricts, and  by  most  authorities  is  believed  to  be  a  sequel  of  the 
disease,  due  to  some  unknown  factor.  It  is  characterized  by  the 
passage  of  u  rine  contain  ing  hemoglobi  n ,  al  bum  in  and  casts.  In 
color  the  urine  varies  from  a  pale  red  to  a  black.  Castellani  and 
Chalmers,  however,  separate  it  into  three  forms,  symptomatic,  toxia 
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and  specific  hemoglobinuria,  examples  of  which  Att^  respeetiwiy, 
malarial  and  quinine,  hemoglobinuria  and  black  water  fever.  In 
none  of  these,  however,  is  the  etiology  clear;  the  disease  dot's  act 
occur  independently  of  malaria^  and  an  attack  may  be  precipitated 
or  aggravated  by  quinine.  Leishman  has  described  certain  cell 
inclusions,  possibly  chlamydozoa.  as  the  cause.  The  etiology  is,  at 
the  present  time,  far  from  clear.  Malarial  parasites  may  be  preaent 
in  the  blood  up  to  time  of  the  appearance  of  the  hemaglobinuria, 
but  then  they  rapidly  disappear  since  it  is  the  infected  parasites 
which  first  undergo  destruction.  To  determine  the  presence  of 
hemaglobin  with  certainty  the  urine  should  be  examined  with  a 
spectroscope;  small  models  arc  made  which  are  suitable.  Tho 
hemaglobin  in  the  blood  falls  rapidly,  to  twenty-five  per  cent  or 
even  less;  the  number  of  red  cells  is  also  diminished,  often  to  three 
million  per  cubic  millimeter  or  and  in  severe  cases  to  a  much  lower 
figure. 

Tn  these  cases  quinine  must  be  stopped  until  the  hemajjlohinuric 
attack  is  over,  when  the  parasites  reappear  and  the  mulariu  must 
again  be  treated.  In  the  mean  time  the  patient  should  be  kept  in 
bed  and  be  given  the  best  possible  care  and  nursing. 


TREATMENT  OF  MALARIA 

In  quinine  we  have  a  true  chemical  specific  for  malaria^  and  when 
given  early  enough  and  in  sufficient  doses,  will  cure  the  disease  with 
certainty.  It  is  usually  ^ven  m  the  form  of  the  sulphate  or  dihydro- 
chlorate,  preferably  in  solution,  but  may  be  administered  in  freslily 
prepared  capsules;  pills  and  tablets,  while  convenient,  are  unsatis- 
fat'tory  brcause  of  their  relative  insolubility.  It  acta  vigorously  on 
the  merozoitos  and  young  trophozoites,  but  has  almost  no  direct 
effect  upon  the  gametes.  The  size  of  the  dose  depends  on  the  form 
of  the  fever  and  its  severity.  In  ordinary  eases  five  grains  three 
times  a  day  is  sufficient,  while  in  severe  infections  not  less  than 
thirty  grains  a  day  must  be  given;  the  best  time  is  immediately 
after  meals,  without  regard  to  the  time  of  the  chill.  To  prevent 
rolapses,  the  treatment  of  the  original  infection  must  be  thorough, 
and  the  patient  should  be  kept  in  bed,  upon  a  light  diet  and  attention 
paid  to  the  condition  of  the  bowels.  During  and  after  convalescence 
the  treatment  must  be  continued  for  three  montlia,  though  the 
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dose  may  be  deci*eased  gradually,  beginning  a  few  days  after  the 
Btibsidence  of  the  fever.  In  exceptional  cases  a  relapde  will  occur 
while  the  patient  is  still  taking  massive  doses  of  quinine,  and  by 
tome  this  has  been  looked  upon  as  an  evidence  of  immunity  of  the 
parasite  to  the  drug,  but  it  is  possible  that  it  is  merely  due  to  noa<« 
absorption  of  the  quinine,  and  carminatives  should  be  added  to  the 
dose  to  assist  in  its  absorption. 

The  addition  of  pepsin  to  the  quinine  will  reduce  the  unpleasant 
effects  of  the  drug.  To  ninety  parts  of  quinine  add  6  parts  of 
lactose  and  4  parts  of  pepsin. 

The  proportionate  dose  required  for  children  is  greater  than 
indicated  by  Cowling'sihile.  Bass  finds  that  for  children  of  fifteen 
or  over,  the  full  adult  dose  is  necessary.  From  eleven  to  fourteen 
0:8  of  the  adult  dbsie^  from  eight  to  ten  0.6,  from  five  to  seven  0.4, 
for  thi^ee  and  four  year  old  children  0.3,  two  year  old  0.2,  one 
year  old  0.1  of  the  adult  dose  is  necessary.* 

In  selected  cailes  quinine  is  6ccabionally  given  subcutaneously  or 
intravenously  although  the  method  is  not  free  from  the  risk  of 
abscesses  in  the'  subcutaneous  tissue,  or  death  after  intravenous 
use. 

For  intravenous  use  a  freshly  sterilized  solution  consisting  of 
12  to  15  grains  of  bihydrochlorid  of  quinine  dissolved  in  10  to  20 
c.c.  of  normal  salt  solution  can  be  injected  into  a  vein  at  the  rate  of 
half  a  c.c.  per  minute.  For  subcutaneous  use  the  same  quantity  of 
quinine  may  be  used  but  it  must  be  dissolved  in  u  few  cubic  centi- 
meters of  fluid.  The  injection  must  be  given  into  the  loose  areolar 
tissue  but  even  then  it  is  often  painful  and  apt  to  be  followed  by 
necrosis  and  abscess. 

Treatment  with  arsphenamine  and  related  preparations. 

It  has  been  shown  that  the  administration  of  half  doses  of  the 
606  group  of  remedies  can  be  given  to  selected  cases  of  severe 
malaria  in  addition  to  the  usual  treatment  with  quinine,  with  benefit ; 
for  chronic  resistant  infections  and  for  malarial  cachexia  three  or 
four  injections  at  weekly  intervals  are  recommended.  The  tonic 
effect  of  these' drugs  is  quite  marked  and  the  duration  of  illness  is 
shortened  by  the  combined  treatment. 


•  Pratt-Johnson,  J.,  Gilchrist,  Kenneth,  and  Jlay-M'icltcl.  On  the  Action  of 
Certain  Special  Preparations  on  Malarial  Parasites  and  tbcir  EmploTment  in  the 
Treatment  of  Malaria; 
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Tho  pramptnrytps,  when  once  fonn(.>d  resist  all  forms  of  trcat- 
iiumt,  but  xiudvr  ewergctic  quinine  medicttlion  tbc  crt*soeuts  usually 
cease  to  be  produced  and  disappear  from  the  circulating  blood  in 
about  liftcon  days. 

OTHER  MALARIAL  PARASITES 


From  time  to  tim'j  additional  mal.irial  parasites  have  been  de- 
soriU'd,  only  two  of  which  are  of  luiy  importance  at  present:  Plas- 
modium vivflx,  variety  niinu/a,  and  Plasmodiinn  tenue.  The  former 
WHS  described  by  Abmtxl  Emin  in  1914.  It  resembles  liie  usual  ter- 
tian in  gern^ral,  but  diffcw  in  the  following  points;  it  is  smaller,  the 
infetfted  crythroeytc  is  not  enlarged,  and  the  number  of  merozoites  is 
siimll  (four  to  ton).  The  pigment  is  fine  and  motility  is  not  marked. 
Multiple  infection  of  llic  erythrocytes  is  not  iincoramon,  Craig^  de- 
scribed a  similar  parasite  in  1900,  and  he  suggests  that  the  parasite 
has  been  confounded  with  PltLsmodiuTu  mnlariie. 

Ill  1914  Stephens*  dcscnbed  an  organism  from  one  slide,  which  he 
calls  Plasmodium  tenue.  It  is  said  to  be  deficient  in  pigment,  mark- 
edly motile,  and  rich  in  cliromatiu.  Since  the  parasite  was  dcKcribcd 
from  one  slide,  it  is  very  doubtful  if  it  can  at  present  be  accepted  as 
a  valid  species. 

Piroplasmidse  (Franca). — Tlfis  is  a  provisional  family  belong  to 
the  hcmus[>oriiliu,  the  type  of  which  is  BahiMa  higeminumf  Smith 
and  Kilborne  {piro.soma^  piropJasnia)  ^  the  cause  of  Southern  cattle 
fever.  *       ■■'-■      - 

The  parasite  was  first  descri>H'd  by  Smith  and  Kilborne  in  1889, 
and  correct b'  plaeeii  by  them  among  the  protozoa;  they  also  demon- 
strated its  transmission  by  the  cattle  tick,  and  this  achievement 
marks  the  beginning  of  medical  protoeoology.  To  the  original  para- 
site, the  cause  of  Texas  fever,  has,  in  course  of  time,  been  added 
other  forms  until  now  we  have  a  family  consisting  of  Babcda 
bigcminum,  bovis,  corn's,  equi,  ovis,  mutans,  quadrigcminum,  and  a 
closely  related  parasite,  TJuilena  pat'va. 

Morphology. — The  parasites  are  pear-shaped,  round,  oval,  or  ame- 
boid, inhabiting  mammalian  red  blood  cells,  which  they  destroy  but 
without  [iroducin^j:  pigment.      In  cattle,  sbt-ep,  horses  and  dogs,  the 


*Crai,j.  Juiir.    J-aruj^it..!.,    Irl-ami,    III.,    I!il4,   I,   Sb. 
'Stephens,  Proc.  Kov.  Soc.,  l>on(I.,  Srries  B,  87,  p.  375. 
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Transmission. — Transmission  from  host  to  host  is  by  means  of 
ticks.  Margaropus  annulatus  carries  Southern  cattle  fever  in  the 
United  Slates,  but  other  licks  are  carriers  in  South  America  and  the 
West  Indies.  In  general,  each  species  of  babesia  is  specific  for  a  par- 
ticular animal,  and  each  is  carried  by  a  separate  group  of  ticks. 

Clinical  Obsen^ations. — Clinical  observations  have  shown  an  in- 
cubation ]>eriod  of  H))aut  fourteen  days;  the  onset  is  witb  fever  and 
the  cattle  look  weak  and  ill,  neither  eat  nor  chew  the  cud,  but  stand 
with  sunken  head  and  relaxed  ears.  A  bloody  diarrhea  sets  in  early 
and  the  urine,  which  is  f$mall  in  amount,  is  deep  red  in  color  and 
contains  much  albumin.  The  blood  shows  few  parasites  at  first,  but 
they  soon  increase  and  the  number  of  red  cells  falls  rapidly.  The 
mortality  varies  in  different  epidemics  from  five  to  sixty  per  cent, 
but  has  been  as  high  as  ninety  in  some  herds.  Young  cattle,  under  a 
year,  have  a  mild  form  of  the  disease,  and  remain  thereafter  immune. 

The  treatment,  once  the  disease  has  appeiirfd.  is  unsatisfactory, 
since  we  have  no  specific,  but  much  may  be  done  by  prophylaxis. 
Quarantine  of  cattle  from  infected  re^fjons  is  absolutely  necessary  to 
prevent  the  spread  of  the  disease,  since  all  immune  animals  are  also 
carriei's.  Young  animals,  between  nine  and  twelve  months  of  age, 
may  be  inoculated  with  the  blood  of  those  which  have  recovered,  five 
to  ten  c.c.  being  given  in  a  single  dose;  the  disease  lasts  two  to  three 
days,  and  the  mortality  is  not  great,  as  eighty  to  ninety  per  cent  of  the 
inoculated  animals  recover  and  remain  immune.  Inoculation,  how- 
ever, is  a  measure  of  doubtful  value  and  some  means  of  tick  eradi- 
cation should  be  used  if  the  disease  is  to  be  permanently  stamped 
oat. 

Life  History  of  the  Tick  (Margaropus  anjiulatus)* 

The  tick's  life  is  divided  into  two  stages,  one  part  passed  on  cattle 
and  another  part  passed  on  the  ground.  The  mature  female,  as 
found  on  cattle,  is  about  half  an  inch  in  length,  plump  and  olive  green. 
When  fully  engorged  with  blood  from  its  host,  it  drops  to  the  ground, 
seeks  a  sequestered  hiding  place  and  if  it  escapes  birds,  ants  and 
other  enemies,  begins  after  a  few  days  of  warm  weather  to  lay  eggs. 
These  are  small,  elliptical,  at  fii-st  light,  later  dark  brown,  and  are 
cemented  together  in  irregular  masses  by  a  sticky  secretion ;  in  num- 
bers they  vary  from  a  few  hundred  to  more  than  five  thousand  for 
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each  fcmAle.  The  ft^niale  tick  dm  \u  a  few  da>'fi  after  the  egg-layinK 
huj)  been  complotod.  The  oggH  soon  liHtcli  (al'ttT  niiuuccii  i\ny»  in 
summer  to  one  hundred  and  oiKhty -eight  in  winter)  and  aainall,  oval, 
six-legged  lan'a  or  uecd  tick  appears,  and  promptly  tdiiidjH  up  on  the 
ncareirt  vcKelotion.  Kra-ss,  we<'ds  or  btislioH  to  lie  in  wail  for  a  warm- 
Wooded  hojst.  Althoii(i»]i  whih'  nu  vegetation  Heed  ticks  da  not  take 
food  nor  grow,  their  enduronee  is  vrreat,  and  durint;  the  colder  parta 
of  the  year  they  may  live  for  eight  monHiM.  The  next  stiige  begins 
after  the  seed  tiek  has  found  a  hr/st,  Mhen  it  HWiks  blood,  inereaxing 
in  size  and  soon  (five  To  twelve  d&y^)  mollH  and  a  new  form,  the  eight- 
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legged  nymph,  appears.  In  five  to  eWen  days  more  a  second  molt 
oceurs  and  the  tiek  is  Then  sexually  mature  and  mak«  ean  be  dift- 
tiiiguislu'd  from  feinuli'H.  The  tVmalc  d(x*M  not  move  al>out  on  the 
animal,  but  the  male  seek^  her  out,  and  after  i'ertilizution  growth  gocM 
on  rapidly  until  the  engorged  female  dropH  to  the  K^ound.  To  «wm- 
marize;  On  the  gronnd  is  the  engorge*!  female,  the  egps  and  need  ticks; 
on  the  animal  is  the  sei.'d  lick,  the  nymph,  the  sexually  mature  adult 
and  finally  the  engorged  female.  The  infe»»ted  female  liek  transniita 
the  babesia  to  tlie  lar\ie  through  the  f'ggH.  but  doen  not  herxelf  bite 
nor  convey  the  diseaso  directly  to  another  animal. 

It  IS  evident  that  the  liek  may  be  attaeked  in  the  panture  or  on 
the  eattle.  Pasture  rotation  is  one  of  the  methods  n'eommended  by 
the  AgrieultuiTil  Department,  and  its  rests  upon  the  faet  that  hU  the 
licks  "Will  die  from  starvation  in  an  unused  pasture  in  from  nix  to 
twelve  THonths.  varying  with  the  eltmate,  the  shorter  period  holding 
true  for  warmer  loealitiea.    liy  ehanging  (la-^Mires  t\  fiirm  may  lie  frei^d 
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of  ticks  in  four  ami  a  hall"  or  eight  months,  depending  on  the  plan 
followed.  For  tcoiiumic  reanon^,  lack  of  sufficient  pasture  land,  etc., 
this  plan  has  not  been  widely  adopted.  A  second  p]an,  that  of  dipping, 
has  iK'iTi  morn  suiM.'essful.  The  cattle  ure  driven  tliruugh  a  large  dip- 
ping vat  at  iutcrvaN  of  two  weeks  (never  more  than  three  must 
elapse)  until  they  and  the  pasture  are  free  from  tickn.  The  fluid  in 
the  di]>ping  vats  i%  an  alkaline  solution  of  arsenic;  oil  dips  are  little 
used  at  present.  Arsenical  dips  are  cheap,  easily  prepared  and  effi- 
eaeiouB,  two  or  at  moat  three  dippingH,  at  ten-day  inten^als,  being  suf- 
ficient to  free  heavily  infevled  cattle,  and  if  they  can  then  he  put  on 
tick-free  pastures  the  problem  is  so!vu<l.  If  no  liek-frce  i>aslures  01*0 
available,  dipping  must  be  oontinued,  aa  above,  until  the  animak 
remuin  permanently  free. 

The  prevention  of  tiek-ljojnc  disease  is  to  be  solvoil.  therefore,  by 
tick  eradication,  and  experience  in  the  Southern  states  hag  shown  this 
to  be  a  practical  measure. 


SUB.CLA8S— NEOSPOBTDA 


SARCOSPORIDIA 


These  organisms  belong  to  llie  sul)-class  Xensporidia  of  the  Sporo- 
zoQj  because  the  spore  formation  eommeneos  before  the  completion 
of  growth.  They  have  been  known  since  1843,  when  Miescher  dis- 
covered *'tul>es*'  ill  muscle  fibers,  visible  to  the  naked  eye  as  fine, 
white,  opaque  filaments.  They  have  been  found  in  deer,  cattle,  sheep, 
swine,  rabbits  and  man.  and  occasionally  in  birds  and  reptiles.  Al- 
though long  known,  our  knowledge  of  them  is  still  defective.  In  sheep 
they  are  the  cause  of  severe  epizootics,  and  in  mice  they  are  fatal: 
otherwise  they  seem  to  be  harmless  parasites  and  in  rare  instances 
have  been  accidentally  f*)und  at  autopsy  in  man. 

The  method  of  transmission  is  not  deiiuitely  knoM^n.  Theobald 
Smith  was  able  to  infect  mice  with  Sarcocysiis  muris  by  feeding  mus- 
cles from  infeelcd  mice,  and  Darling  was  able  to  infect  guinea-pigs 
in  the  same  manner.  In  nature  it  is  probable  that  infection  occurs 
through  the  intestinal  tract.  They  are  exceedingly  common  in  some 
localities  and  may  Ik?  seen  in  most  abattoirs;  they  have  been  found  in 
ninety-eight  per  cent  of  swine,  ninety-eight  per  cent  of  sheep,  and 
conunonly  in  deer  and  mice. 
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To  the  naked  eye  they  appear  as  whiti^,  opaque,  cylindrical  bodi( 
in  the  muscles  lying  parallel  to  the  fibres.  In  the  sheep,  Sarcocysh 
tenella  reaches  a  length  of  sixteen  mm.,  and  in  the  deer  cysts  of  fifty 
mm.  are  found.  In  stnieture  the  *'tube"  is  seen  under  the  microscope;^ 
to  be  composed  of  many  sickle-shaped  spores,  called  Rainy  *s  cap«f^ 
sulcs.  The  tube  has  not  a  single  cavity  but  a  honey-comb  or  alveolar 
structure,  and  the  spores  are  found  in  small  aggregations  in  the  cham- 
bers, completely  walled  off  from  one  another.  The  tube  itself  has  a 
lieavy  striated  wall,  either  secreted  by  the  organism  or  composed  olj 
altered  muscle  fiber  of  the  host.  The  spores  are  sickle-  or  kidney- 
shaj)ed  and  vaiy  both  among  themselves  and  with  the  host.  They 
contain  a  nucleated  trophozoit,  and  at  one  pole  either  a  clear  or  an 
obliquely  striated  body.  ^m 

Laveran  and  Mesnil'   (1899)   obtained  a  toxin  from  SarcocystU^M 
tenella  and  named  it  sarcocystin.    Darling,  working  in  Panama,  found 
this  oi'ganism  in  the  biceps  muscle  of  a  negro  from  Barbados.    Not^ 
more  than  five  human  casis  art*  known. 


CHAPTER  LVIT 


a^SS  n^— INFUSORIA 


Sl'BCLASS— (CILIATA) 


This  class  is  slmrply  distinguished  from  all  other  protozoa  by  the 
presence  of  numerous  cilia,  distributed  in  various  ways  over  the 
ectoplasm,  which  serve  as  organs  of  locomotion,  and  by  the  presence 
of  two  or  more  nuclei.  They  fall  into  two  classes,  the  ciliata,  which 
are  provided  with  cilia  during  the  entire  life  cycle,  and  the  suctoria, 
which  lose  their  cilia  on  entering  the  adult  stage;  the  latter  are  of 
MO  interest,  since  none  arc  holozoic. 

Only  one  of  the  ciliates  is  of  importance  in  medicine,  Balantidtum 
coli.  Bclaniidium  minuium  and  Xyctotherus  jdba,  having  been 
reported  only  once  in  man  by  Schaudinn,  arc  too  rare  to  be  con- 
sidered here. 


K 


BALANTIDIUM  COLI  (Malatau) 


Thia  parasite,  first  desnribed  in  1857,  is  commonly  found  in  the 
lower  intestinal  tract  of  swine;  while  usually  harmless,  it  may  cause 
a  moderate  mortality  in  them  from  subacute  and  chronic  dysentery, 
Tt  has  frequently  been  reported  as  present  in  man,  and  is  readily 
diagnosed  on  examination  of  the  stools. 

The  organism  is  much  like  Paramecium  and  is  actively  motile  when 
obtained  from  fresh  stools,  or  from  scrapings  from  the  ulcerated 
cecum  at  autopsy.  The  body  is  ovoid  and  rather  stumpy  toward  the 
anterior  end,  distinguished  by  the  triangular  peristome;  average 
measurements  are  about  eighty  by  sixty  microns.  The  ectoplasm  is 
covered  with  thick,  parallel  hands  of  active  cilia,  giving  the  animal 
a  striated  appearance ;  the  maci-onuoleus  is  kidney  shaped  and  lying 
close  to  it  the  mifronuelcus  may  usually  he  distinguished.  At  one 
side  of  the  organism  are  found  two  contractile  vacuoles,  and,  in  the 
endoplasm^  food  vacuoles  and  fat  droplets. 

1137 


,..«oc..sic  PUOl^^"^ 


n88  .     ,    ,  form  co.wH.st«  oi  ^^^  ^^,  ,„cyst-V 

'  been  iou'^**  ''^  .^'^'WW^  1 


INFUSORIA  1139 

Treatment  has  not  been  satisfactory :  Brug,^  however,  has  reported 
a  case  which  responded  to  arsphenamine  after  simaruba,  iodoform 
enemas  and  oil  of  chenopodimn  had  failed. 


OHLAMIDOZOA 

There  is  a  small  group  of  very  minute  intracellular  organisms 
which  are  believed  by  many  to  be  protozoa,  and  for  them  von  Pro- 
wazek  has  created  the  class  named  "chlamydozoa."  He  believes  that 
such  organisms  produce  smallpox,  vaccinia,  hydrophobia,  trachoma, 
scarlatina,  MoUuscum  contagiosunij  avian  plague,  the  contagious  epi- 
thelioma of  birds,  hoof  and  mouth  disease,  jaundice  of  silk  worms 
and  others.  The  delicate  organisms  are  first  noticed  as  fine  dots  of 
chromatin  lying  in  the  cytoplasm  of  the  infected  cell  (the  so-called 
elementary  bodies).  When  larger  they  are  called  initial  bodies  and 
are  believed  to  set  up  a  reaction  in  the  cell,  which  causes  an  extru- 
sion of  the  plastin  from  the  nucleus;  this  envelops  the  initial  bodies 
like  a  mantle,  hence  the  name  " chlamydozoa,"  from  the  Greek  stem 
"chlamys,"  meaning  mantle.  Inside  of  this  covering  they  multiply, 
in  some  instances  invading  the  nucleus. 

Their  very  existence  is  a  matter  of  dispute,  yet  at  the  present  time 
the  consensus  of  belief  is  that  they  constitute  a  group  of  parasites 
and  are  not  merely  forms  of  cell  inclusions  or  degenerations. 

Noguchi^  has  shown  that  in  trachoma  these  organisms  may  be 
found  alone  without  any  other  pathogenic  orgardsms  being  present, 
and  that  they  may  be  transferred  to  the  conjunctiva  of  the  baboon 
and  higher  apes,  producing  a  mild  form  of  the  disease.  Smears  of 
the  exudate,  taken  from  the  infected  animals  and  stained  with  Qiemsa, 
show  cell  inclusions  without  the  presence  of  bacteria. 

*Brug,  8.  L.,  Tropieal  Diseases  Bulletin,  London,  1921,  17,  181. 
-  Noguchi,  Jour.  Exp.  Med.,  N.  Y.,  1915,  3udi,  804. 
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TECHNIQUE  OP  BLOOD  EXAMINATIONS  FOR  PROTOZOA 


Slides  and  cover  glasses  must  be  scrupulously  clean,  and  are  best 
kept  in  covered  glass  jars  which  are  dust-proof.  For  most  purposes 
stained  preparations  on  slides  are  satisfactory  and  much  easier  to 
handle  than  cover  glasses. 

In  all  investigations,  both  wet  and  dry  preparations  should  be 
made;  some  practice  is,  of  course,  necessary  to  obtain  satisfactory  ones, 
thin  enough  to  show  details.  As  Mujxson  says,  in  looking  for  dates 
on  coins,  one  would  not  pile  one  coin  on  top  of  another;  so,  in  search- 
ing blood  cells  for  parasites,  it  is  necessary  to  have  the  celb  lying 
flat,  and  in  a  single  layer.  "Wet  pi*eparations  are  made  with  a  drop  of 
blood  not  much  larger  than  the  head  of  a  pin,  on  which  a  cover  glass 
is  dropped,  and  gently  pressed  down;  it  is  advantageous  to  lute  the 
tnar^n  of  the  cover  glass  with  warm  vaseline  (warmed  by  holding 
the  camel's  hair  pencil  over  a  flame  for  a  few  seconds)  to  prevent 
evaporation  and  consequent  currents  under  the  cover  glass.  A  prop- 
erly sealed  wet  preparation  may  be  examined  at  intcr%'als  during 
several  days,  and  this  is  often  necessary  in  studying  movcnifuts  and 
the  life  cycle.  Malarial  parasites,  trypanosomes  and  others  are  quickly 
detected  by  their  movements. 

Stained  preparations  are  necessary  for  the  study  of  details  of 
structure,  and  for  clinical  work  are  invaluable,  since  smears  may  be 
collected  at  the  betLsidc,  and  examined  biter  at  home,  either  by  day- 
light or  artificial  light.  In  general,  a  one  hundred  watt  concentrated- 
filament  nitrogen  bulb  will  be  found  the  best  source  of  illumination 
for  the  study  of  both  living  and  stained  protozoa.  The  Welabach 
mantle,  acetylene  gas  or  even  a  kerosene  lamp  are  satisfactory  sub- 
stitutes. At  times  a  color  screen,  made  by  interposing  a  round,  glass 
flask,  filled  with  dilut-^  copper  sulphate  solution,  between  the  light  and 
the  mirror,  will  prove  advantageous.  It  is  j>articularly  in  the  South 
and  in  the  tropics  that  artificial  illumination  has  been  most  valuable. 

To  prepare  stained  preparations,  a  small  drop  of  blood  from  the 
<ar  is  placed  on  a  slide  near  one  end,  while  with  another  clean  slide 
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the  spread  is  made  by  holding  its  narrow  end  in  the  drop  until  the 
blood  has  flowed  between  Ihe  two,  and  then  pushing  the  spreader,  or 
second  slide,  hdd  at  an  angle  of  about  45",  toward  the  opposite  end 
of  the  first  slide.  The  drop  of  blood  follows  closely  behind  the 
spreader,  and  the  thickness  of  the  film  may  be  varied  by  changing  the 
angle  of  the  spreader.  The  thin  film  of  blood  dries  quickly  in  the 
air.  It  is  never  fixed  in  the  flame,  but  always  in  methyl  alcohol  or  in 
the  stain  itself. 

Many  vaiielies  of  blood  stains  have  been  proposed,  but  the  simplest 
and  best  arc  thoKC  of  Wright  and  MacNeaL  Wright's  stain  is  pre- 
jjared  as  follows: 

Dissolve  0.5  gm.  of  sodium  bicarbonate  in  100  c.c.  distilled  water, 
and  add  1  gm.  of  methylene  blue  (Gruebler).  Any  of  the  methylene 
blues  of  Gruebler  known  as  "BX,"  Koch's  or  Ehrlioh's  rectified  may 
be  used.  It  seems  to  be  important  that  the  bicarbonate  of  soda  be  all 
dissolved  before  adding  the  methylene  blue. 

The  mixture  is  next  to  be  steamed  in  an  ordinary  sleam  sterilizer 
for  one  hour,  counting  the  time  after  "the  steam  is  up,"  The  heating 
should  not  be  done  in  a  pressure  sterilizer,  or  in  a  water-bath,  or  in 
any  other  way  than  as  stated.  This  steaming  of  the  alkaline  solution 
of  methylene  blue  effects  certain  changes  in  the  methylene  blue  where- 
by a  polychromatic  quality  is  given  to  it,  so  that  the  compound  with 
cosin,  which  is  later  to  be  formed  with  it,  has  the  property  not  only 
of  differentially  staining  the  chromatin  of  the  malarial  parasite,  but 
also  of  differentiating  and  bringing  out  more  sharply  the  nuclei  and 
granules  of  the  white  blood  corpuscles. 

When  the  stL-aniing  is  completed,  the  mixture  is  removed  from  the 
sterilizer  and  allowed  to  cool,  the  flask  being  placed  in  cold  water  if 
desired.  When  it  is  cold,  without  filtering,  poor  it  into  a  large  dish 
or  flask,  and  add  to  it,  stirring  or  shaking  meanwhile,  a  siiflieient 
quantity  of  a  1:1000  solution  of  eosin  (Gruebler,  yellowish,  soluble 
in  water)  until  the  mixture,  losing  its  blue  color,  becomes  purplish, 
and  a  scum  with  yellowish  metallic  luster  forms  on  the  surface,  while 
on  clase  inspection  a  finely  granular  black  precipitate  appears  in 
suspension.  This  will  require  about  500  c.c.  of  the  eosin  solution  for 
100  c.c.  of  alkaline  methylene  blue  solution.  (The  proper  amount 
of  eosin  to  add  may  be  determined  by  placing  a  drop  of  mixture  on 
white  filter  paper,  and  adding  eosin  until  the  blue  spot  shows  a  dis- 
tinct halo  of  pink.) 

The  precipitate  is  collected  on  a  filter,  and,  withoiU  washing,  is 
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allowed  to  dry  thereon ;  when  thoroughly  diy,  dissolve  this  precipitate 
in  pure  methyl  alcohol  iu  the  proportion  of  three-tentks  of  u  grain  to 
one  hundred  cubic  centimeters  of  alcohol  This  alcoholic  solution  is 
the  stainiufi:  fluid. 

Ma«Neai'  has  shown  that  both  methylene  azure  and  methylene 
violet  participate  in  the  nuclear  staining,  and  that  an  excellent  stain, 
equal  to  any,  may  l>e  made  directly  by  mixing  the  pure  dyes  accord- 
ing to  the  following  fornmla; 


Solutiuii  A.     iMitthyloiio  azuic    0.3 

Mrthyloiip  violet   (BerDthscn 's,  inwilublc  in  water) 0.1 

Meibylene   blue , - -A 

Methyl  alfoliol,  pure   (Merrk'a  reagent) oOO.ii 

SohitioD  B.     Eoein,  yclluwish,  wiitrr  soluble 2.5 

MHbyl  oJcohol.   pun» 500.0 


gm. 


These  stock  solutions  will  keep  for  at  least  a  year.  They  are  mixed 
as  needed  in  equal  parts,  and  diluted  by  i\w  addition  of  25  c.c.  of 
methyl  alcohol  to  each  100  c.u.  of  the  mixture.  The  mixture  will 
keep  for  several  months. 

The  metliod  of  staining  is  the  same,  whatever  methyl  alcohol  stain 
be  used.  The  cover  glass  or  slide  is  flooded  with  the  stain,  which  is 
allowed  to  act  for  one  minute;  next,  as  much  distilled  water  is  added, 
drop  by  drop,  as  the  slide  will  hold,  or  until  a  yellowish  metallic 
scum  is  formed  on  the  surface,  and  the  mixture  is  allowed  to  act 
from  three  to  five  minutes.  A  convenient  staining  dish  is  made  by 
laying  a  pair  of  glass  rods  on  top  of  a  flat  oblong  dish ;  the  rods  may 
be  held  in  place  with  adhesive  plaster  or  perforated  strips  of  wood. 
Fixation  is  accomplished  by  the  undiluted  solution,  but  the  actual 
staining  does  not  occur  nntil  water  is  added;  by  repeated  washing  in 
distilled  water,  any  desired  differentiation  may  be  made. 

It  is  sometimes  convenient,  when  searching  for  malarial  parasites 
in  elinieal  eases,  to  stain  us  follov^'s:' 

Use  four  bottles  or  Coplin  jars;  in  the  first-,  put  the  undiluted 
stain,  and  in  it  immerse  the  slide  for  one  minute;  in  the  second,  put 
distilled  water  and  transfer  the  slide  to  it  for  four  or  five  minutes; 
in  the  third  jar  put  diluted  Manson's  stain,  about  0.5  c.c.  to  50  c.c. 
T^ater,  and  in  this  the  smear  remains  one-half  minute;  in  Uie  fourth 


^UacNeal,  Jour.  Inf.  Dis.,  Chicftgo,  1906,  iii,  432. 

*£uMell,  F,  F.,  Jour.  Amer.  Med.  Asa.,  Chienjfo,  1915,  btir,  Sl3l. 


i 


BLOOD  EXAMINATIONS  FOR  PROTOZOA  1143 

bottle  or  tumbler  put  distilled  water,  in  which  the  slide  is  washed 
quickly  and  then  dried.  This  method,  for  the  average  man,  is  more 
economical  and  simpler  than  the  open  method.  Stained  smears  are 
examined  directly  in  immersion  oil  without  the  use  of  cover  glass. 

Manson's  stain  is  prepared  as  follows: 

Two  grams  of  methylene  blue,  medicinally  pure  (Hochst),  is 
added  to  100  c.c.  of  a  boiling  5  per  cent  solution  of  borax.  This  stain, 
though  not  permanent,  will  last  a  long  time.  It  is  used  chiefly  for 
the  diagnosis  of  malaria.  It  is  diluted  before  uise.  Stain  for  ten  to 
fifteen  seconds. 

When  parasites  are  few,  as  in  latent  malaria,  thick  Alms  may  be 
used,  as  first  proposed  by  Boss.  A  large  drop  of  blood  is  spread 
thickly  on  the  side,  with  the  needle  or  pen  used  in  puncturing  the 
ear;  after  drying,  it  is  put  into  (1)  95  per  cent  methyl  alcohol  to 
which  1  per  cent  of  hydrochloric  acid  has  been  added,  until  the  smear 
has  been  hemolized;  (2)  it  is  then  thoroughly  washed  in  running 
water,  (3)  and  then  stained  in  the  usual  way  with  a  methyl  alcohol 
stain.  Although  the  method  takes  considerable  practice,  it  is  a  valu- 
able procedure. 
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Anaerobic    indicator,    methylene    blue, 

187 
Anaerobic  methods  of  cultivation,  179- 
189 
tlisplaeement  of  air  by  hydrogen,  182 
indicator  for,  187 

Mcintosh   and   Fildes  palladium  as- 
bestos method,  187 
mechanical  exclusion  of  air,  180 
Esmarch's  method,  180 
fluid  media  covered  with  oil,  180 
LiboriuB  method,  ISO 
pyrogallol  in,  183 
Boux  's  method,  180 
Wright's  method,  181 
Method  for  combining  exhaustion,  hy- 
drogen replacement  and  oxygen  ab- 
sorption, 185 
Pyrogallic  acid  for   oxygen   absorp- 
tion, 183 
Buchner  tube,  183 
Wright's  modification,  183 
Plate  cultures  of  anaerobes  by  aimple 

method,  187 
tissues  in  culture  media,  189 
Anaerobic    organisms,    obligatory    an 
facultative,  28 
methods  of  cultivating,  179 
Andrade  indicator,  147 
Anilin  dyes,  as  staining  agents,  118 
introduction  of,  7 
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Anilin  djea,  aelective  action  of  in  cul- 
ture media,  170,  161 
Animal   experimentation,   antopaiee   in, 

204 
bleeding  of  animalB  in,  204 

from  the  carotid  artery,  205 

from  tbe  heart,  205 
methods  of  inoculation,  202,  203 

intraperitoneal,  203 

intravenous,  203 

Kolle  vaccination  method,  204 

subcutaneous,  203 
Animal  holders,-  204 
Animal  inoculation,  203 
Antagonism  of  bacteria,  34 
used  in  bacteriotherapjr  of  autointoxi- 
cation, 1045 
Anthrax,  773-784 
attenuation  of,  780,  783 
bacteria  resembling,  786 

B.  anthrocoides,  785    , 

B.  radicosus,.  785 

B.  8ubtili8,,78d 
biological  considerations,  778 
cultivation  of,  775-777 
historical  interest  of,  773 
immunity  against,  783 

active  (Paqiteur's  work),  783,  784 

passive,  784 
morphology,  774 
pathogenicity,  779 

experimental  inoculation,  780 

in  animals,  780,  781 

in  man,  782 

susceptibility  of  animals,  779 
spore  formation,  778  . 

resistance  of,  779 
vaccination,  783,  784 
virulence,  780 
Anthrax  syroptomatie,  baoillufl  of,  768- 

772 
cultivation,-  770 
immunity,  771 
-  -morphology,   769 
staining,  769 
tojfins,  771 
Antibodies  and  the  aubitaneea  giving 

rise  to  them,  249     -  - 


Antibodies,    experimentation    and    dis- 
covery of,  249 
agglutinins,  251 
antiferments,  263 
antitoxins,  251 
bacteriolysins,  251        — ^ 
cytotoxins,  252 
precipitins,  252 
antibodies  sensitising,  227-281 
Bordet's  views  concerning,  279 
Ehrlich's  views  concerning,  279 
Antiferments,  253 
antUab,  253 
antilactase,  253 
antipepsi;!,  253 
antisteapsin,  253 
Antiformin   for  concentrating  tubercle 

bacilli  in  sputum,  589 
Antigen,  anaphylactic,  357 
definition  of,  254 
in  the  Wassermann  test,  317,  318 
Antileucocidin    in    staphylococcus    im- 
mune sera,  396 
Antiricin,  250 

Antiseptics,  inhibition  strengths,  104 
Antitoxin,  diphtheria,  269-273 
concentration  of,  272 
immunization  of  horses,  270,  271 
prophylactic  doses,  273 
prophylactic  immunisation,  580-582 
regulation  of  by  law,  272 
specific  therapy  in,  579 

dosage,  579 
standardisation  of,  271 
therapeutic  dpees,  273 
toxin-antitoxin  reaction,  theoretical 
considerations!,  255-268 
discovery  of,  250 
tetanus,  274 

immunization  of  horses,  274 
prophylactic  dose,  736 

L-f.  dose,  definition  of ,  276 
standardization  of,  275-276 
therapeutic  use  of,  738 

administration  of,  740 
unit  of,  275 
Antivenin,  256 
"Arnold"  sterilizer,  83 
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H 

Arrbenius    and    Made^n,    rht^oriiw    con- 

Bacillus     ttvisppticus,     PasfiSir'l^e^^^^^^ 

^1 

OArniDg  toxiu-aiititoxin,  2^,  Ift^**! 

work  with,  828                                                 1 

^B 

■   AithuB*  pheuomenour  'Mi5 

Hacillus  Belloneuiu,  75tf                                      I 

^H 

Arthrospores,  not  related  to  true  BporoB, 

Jlacillus  biiiduB  m  the  iiorumi  inteetiaal    ^^B 

^H 

16 

truct,  225,                                               ^H 

^H 

Ash,  bacterial,  24 

dcacriptioD  ofj  228                                      ^^M 

^B 

AspcrffilluB^  61,  ^S^ 

Bacillus  botulintw,  740-748                            ^^M 

^1 

Attenuaicd  cultures  in  active  immunisui- 

antitoxin,  747                                            ^^M 

^1 

tion,   methods    for,   243 

clinical  manifestations,  746                    ^^U 

^H 

with  anthrax,  780 

cultivation  of,   741                                      ^^| 

^1 

Autoclave,  85 

isolation  of,  742                                      ^H 

^H 

table  of  relation  between  teniperalure 

morphology,    741                                          ^^M 

^H 

an<j  pr<'»8ure,  86 

occurreuce  of,  744-746                               ^^M 

^1 

Autointoxication,  gaatro-intostinal,  104  4 

pathology  of,  744                                      ^^M 

^^^ 

Metchnikoir 'h      bacteriutberap.v      tu. 

prevention  of,  748                                        ^^| 

^^B 

1045 

specific  therapy,  747                                   ^^^ 

^^^^ 

Autol%'Bin8,  300 

staining  of,  741                                        ^^H 

I 

Autopsies  uf  experimental  animals,  204 

toxin,  742-744  '                                            ^H 
not  produced  in  the  tinsues  of  mam-          V 

^^^ 

Babeb,'Ern&t,  grannies,  diaeusaion  of. 

mals,  744                                                ^^M 

^^^H 

11 

thermolability  of.  743                           ^^| 

^^^ 

special  stains  for,  126 

transmission  of,  744                                ^^^ 

^B 

Babesia  bigeminum,  1131 

relation  to  limbemeck  of  chickens,           ■ 

^H 

BacilU,  9 

746                                                       ^M 

^P 

jreniiB  of,  41 

types  of,  744,  748                                        ^H 

V 

Bacillus  abortus  (Bang),  799-801 

Bacillus    bovis   morbificans    (Basenau),          V 

^^^h  * 

isolation  from  mlik,  800 

688                                                                          1 

^^K 

lesions  produced  by,  in  guinea  piga, 

B.  hronchisepticna  in  canine  distemper,           1 

^^^H 

800 

798                                                                  ^J 

^V 

See  alw  B.  abortus  equi,  693 

Bacillus  bulgaricus,  1046                                ^^M 

^1 

Bacillus  abortus  equi,  69.1 

Bacillus  butryicus,  617                                    ^^B 

^1 

See  tiUo  cattle  abortion,  799 

Bacillus  chaavaci,  759.    See  also  Symp-          ■ 

^1 

Bacillus  acidi  iactici.  639 

tnmatic  anthrax                                            ^^H 

^1 

Bacillus  acidophilns  in   the  normal  in- 

Bacillus  cloacae,  641                                     ^^M 

^B 

testiual  tract,  225 

Bacillus  coli  communior.  637                        ^^| 

^1 

description  of,  228 

Avery  type,  637                                         ^H 

^H 

Bacillus  acidophiluB  aerogcnes,  descrip- 

Malia type,  637                                          ^H 

^H 

tion  of,  226 

Hacillus  culi  communis,  628-637                   ^^H 

^1 

Bacillus    actinomycetum    comitnuR.    ■*< 

cultivation  of,  629                                        ^^M 

H 

currence  of  in  mycosis,  970 

distribution  of,  631                                   ^^M 

H 

Bacillus  aerogenes  capsulatuii,  752 

imniuni£atiou  with,  635                              ^^H 

^B 

Sec  B.  Wclchii 

normal  agglutinins  for,  636                 ^^M 

^^^ 

Bacillufl  anthracis,   773,     See  aUo  An 

morphology*  of,  628                                    ^^M 

^^^B 

thrax 

occurrence  of  in  the  intestinal  traet,   ^^B 

^^^ 

See  aljio  Symptomatic  anthrax,  768 

^H 

^r 

Bacillus  anthrax'is  symptomatici,  768 

occurrense  ot  \u  the  normal  none,  221          ■ 

H 

Bacillus  anthrocoidofl,  785 

occurrence  of  in  water,  1023               '■    ^^fl 

1 

Bacillus  avisepticus,  827 

presumptive  test,  10S4                         ^^H 
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BaeiUus  toll  eommunm,  ooeurrenee  of  in 
water,  tabic  for  identification,  1026 

pathogenicit/  of,  632-034 
septicemia  due  to,  638 

poiaonous  products  of,  685 

varieties  of,  636 

Winkers  disease  due  to,  688 
Bacillus  ilentifricans,  60 
Bacillus  ilipfaiherip,  501582.     See  aUo 

DiphtberU  bfli'iUiiB 
Bacillus  entpritiilb    (iaertiier),  687 

nirai  |it>i8onijig  iLue  to,  608 
eljiiii.''a]  pirtuie  in,  699 
BaciUus  fallax,  760 
Bacillus  fecalU  alkaligenes,  639 
Bacillus  granulobacter  pectinovarum,  55 
Bacillus  hifltolyticuB,  762 
Bacillus  Hoffmanni,  682 

occurrence  of  in  the  normal  mouth, 
219 
Bacillus  ieteroides,  688 
Bacillus  influenzs,  482.    See  alao  Influ- 
enza 
Bacillus  lactis  erogenes,  637-639 

in  the  normal  intestine,  225 

in      Metchnikoff's      Bacteriotherapy, 
1044 

in  the  mouth,  219 

in  the  nose,  221 
Bacillus  lepra,  620.    See  also  Leprosy 
Bacillus     Mallei,     787-794.       See    aUo 

Glanders 
Bacillus  maximuB  baccalis  in  the  nor- 
mal mouth,  220 
Bacillus  melitensis,  795-797 

animal  pathogenicity,  796 

cultivation  of,  796 

disease  caused  by,  796 

rpidfiiiiology,  797 

ipinninitv,   THT 

morphology,  795 
Bacillus  Morseele  (van  Ermengen),  688 
Bacillus  of  meat  poisoning,  686,  698 
Bacillus  inueosuH  capsulatus,  720 

cultivation,  721 

general  characteristics  of  group,  722 

morphology,  720 


Bacillus  mucosuH  caxwulatus,  pathogen- 
icity, 723 

staining,  722 
BacilluA  oedematietis,  759 

antitoxin,  760 

method  of  identifying,  763 

pathogenicity,  760 

toxin,  760 
BaciUus  (edematiens  maligni  XI,  759 
Bacillus  of  cattle  abortion,  799-801 

isolation  from  milk,  800 

lesions  produced  by,  in  guinea  pigs, 
800 
Bacillus  of  chicken  cholera,  827 

Pasteur's  early  work  with,  828 
Bacillus  of  fowl  typhoid,  694 
Bacillus  of  Qhon  and  Sachs,  756 
Bacillus  of  guinea  pig  pneumonia,  801- 

802 
Bacillus  of  swine  plague,  829 
Bacillus  of  whooping  cough,  504-508 
Bacillus  ozaens,  726 
Bacillus    perfringens,  752.       See     aUo 

B.  Welchii 
Bacillus  pestis,  807.    See  aUo  Plague 
Bacillus  pestis  caviae,  692 
Bacillus     phlegmonis     emphysematoscp, 

752.    See  also  B.  Welchii 
Bacillus  prodigiosuB,  quantitative  chem- 
ical anah'sis  of,  22 
Bacillus  proteus,  640,  641 

agglutination  of  in  typhus  serum,  642, 
945 

pathogenicity  of,  641 
Bacillus  psittacosiH,  694 
Bacillus  putrificus  in  the  normal  intes- 
tinal troct.  2i:ij 

description  of,  229,  762 
Bacillus  iiullijniiii,  695 
Bacillus  jiyikjyaneiis,  802-806 

antiliixii-  suljstniicefl  produced  by,  806 

cultivation,  803 

pigment^produii^tjon  by,  803,  804 

itrmiunization,  305 

morphology,  802 

pathogenicity,  804 

staining,  802 

toxins,  805 
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^H               Bacillus  rai]i(*icola,  (52 

Bacteria,  cultivation  of,  by  anaerobic     ^^1 

^H               Bacillus  radirosuB,  7So 

methods,  179                                          ^H 

^1               Bacillus  Rliiuoacleronia^  724 

degcntu-ative  forma,  SO                             ^^| 

^H                    pathof^enicity  of,  785 

denitrifying,  50                                            ^^H 

^H               Bacillus  aanguinarium,  604 

destruction  of,  76                                       ^^% 

^M              Bacillus  aniegmatia,  018-619 

differentiation  by  fermentation,  54              J 

^H               Bacillus  Hporogenes,  701 

enzymes  produced  by,  54,  201                  ^^1 

^M              BacilluB  subtlliH,  786 

gas  formation,  196                                    ^H 

^H                Bacillus  suisoplicim,  829 

Uram  negative,  123                                  ^^B 

^B               Bacillus  tetanus,  727-740.    Sec  tiUo  Te- 

Oram  positive,  123                                    ^^H 

^H                 tftuus 

1010                                                ^H 

H               BBcilluB  nx  of  von  Hibler,  750 

iu  milk,  1027                                             ^H 

^H                Bacillus  tuhcrculoHis,  5H6.    .Sec  also  Tu- 

in  the  intestinal  tract,  2                       ^H 

^H                   berculosis 

at  dilTerent  ages,  224,  225                   ^H 

^H               Bacillus   t^-plii    a1>doniinal(8,   043.     Set. 

in,  relation  to  diet,  226,  227                  ^H 

^H                    a/rio  T>7flioiil  Imcilluft 

in  the  normal  mouth,  217  220                    ^H 

^H                Bacillus  typbi  murium,  691 

Ui  the  normal  nose,  220-222                     ^H 

^H               Bacillus    t^'])hosus,    043-685.      Sac   aUo 

in  the  tissues,  223                                       ^H 

^H                    T^Tihoid  ImuilluB 

iu  water,  1020                                            ^H 

^B               Bacillus  Welcbii,  751-756 

kat«1>o1ic  activities  of,  40                         ^^| 

^^^H              agglutinin  production,  75^1 

microscopic   study  of.  111                      ^^| 

^^^^B 

nitrifying,  64                                                ^^| 

^^^B            cultivation,  752-753 

nutrition  of,  27                                          ^H 

^^^H                fermentations  of,  753 

parositic.  33                                               ^^| 

^^^H           borao]>'sin  protluetion,   753 

pHthogOTiiCj  231                                         ^^1 

^^^^1            iiiiportanee  of  in  intestinal  autointox- 

physical  agents  injurioiui  to,  76            ^^H 

^^^B                ication, 

relMion  of  to  moisture,  39                   ^^^ 

^^^H            unporlaneo   of   in   the   normal    intes- 

relation  of  to  pressure,  39                   ^^H 

^^^^ 

relation  of  to  temperature,  36             ^^| 

^^^^K            isolation  of,  755,  750 

relationship  to  other  plants,  40              ^^| 

^^^^B           method  of  identifying,  763 

reproduction  of,  19                                   ^^| 

^^^^H             mori>bolog7  of,  752 

saprophytic,  33                                             ^^| 

^^^^H            pathogenifity  of,  75X 

of,  9                                                    ^^1 

^^^^1           spore  formation,  752 

staining  of,  113                                         ^^H 

^^^H            staining  of,  752 

sulphur,  67                                                 ^^| 

^^^H            toxin  production.  754 

symbiosiB,  34                                          ^H 

^^^^          Bacillus  Xerosis,  584 

thermal  death  points  of,  SS                   ^H 

^1^          Bactojia  (sec  also  Bacterial  cell) 

variations  in  form  of,  20                          ^^H 

^^^L            acid  and  alkali  formation  by,  108 

Bacteria?mia,  deflnition  of,  233                 ^H 

^^^^P             anabolic  or  synthetic  activities  nf,  60 

Bacterioceo*,   definition   of,   41                      ^^H 

^^^H             antagonism  of, 

nacterial  cell,  ash  in,  24                              ^H 

^^^B             cbemicul  agents  injarious  to,  66 

Bal)e8Emst  granules  in,  11                   ^^| 

^^^H             classification,  3B 

capsule  in,  12                                            ^^| 

^^^H                baaed  on  organs  of  motility,  16 

chemical  constituents  of,  21                   ^H 

^^^1                by  Migula. 

fats                                                         ^H 

^^^B            connting  of,  194-195 

prot<.'inB  in,  22,  25                                  ^^H 

^^^1 

membrane  of,  12                                      ^^^ 

^^^H           cnltivation  of,  172 

metachromatic  granules,  11                    ^^H 
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BfteterUl  oeU,  morpbologr  of,  10 

motUitj  of,  14 

nii«Uai  in,  10 

osmotie  propertiet  of,  25 

plaimolyBiB,  25 

plasmoptysis,  25 

specifte  gravity  of,  26 

spores  in,  16 

water,  22 
Bacteriocidal    and    baeteriolTtie    tests. 
307-311 

baeteriolysins,  dtscovery  of,  251 

determination  of  the  bacteriolytic 
power  of  serum  against  a  known 
organism  in  Tivo,  308 

identification  of  a  microSrgasism  by 
observing  its  suseeptibiUty  to  lysis 
in  a  known  immune  serum,  309 

reaction  in  test  tubes,  310 
"Bacteriophage"  phenomenon,  69 

Bordet  and  Cuica's  work,  72 

early  work  of  Twort,  70 

discovery  of  lytic  principle  by  d'Her- 
elle  in  filtrates  from  the  stools  of 
dysentery    and    typhoid    convales- 
cents, 71 
Bacterium  aceti,  57 

Bacterium  Clostridium  pasteurianum,  61 
Bacterium,  genus,  41 
Bacterium  paateurianum,  57 
Bacterium  pneumonis,   720.     See  also 

Bacillus  mucoBus  capsulatus 
Bacterium  tularesne,  826 
Bail's  aggressin  theory,  349 

arguments  against,  350 

relation  to  anaphylatoxin,  351 
Balantidium  Coli,  1137 
Bang  Bacillus  abortus  bovis,  799 
Barber   pipette  method   of   isolating   a 

single  organism,  178 
Baunigarten's  stain  for  differentiating 

between  the  tubercle  bacillus  and  the 

bacillus  of  leprosy,  125 
Beggiatoa,  genus,  42 
Beggiatoacece,  definition  of,  42 
Berkefcld  filter,  144 
Biological  activities  of  bacteria,  45 
Black  death,  807 


Blackleg,  769.     See  olec  Symptomatic 

anthrax 
Black  water  fever,  1128 
Blastomycetes,    relationship    to    other 

plants,  40 
Blastomycosis,  984-987 
blastomyces  hominus,  985 
classification  of,  987 
cultivation,  986 
isolation,  986 

mieroscopio  examination,  985,   986 
morphology,  986 
pathogenicity,  987 
staining,  986 
Bleaching  powder  as  a  disinfectant,  89 
Bleeding  of  animals,  204 
from  the  heart,  204 
from  the  carotid  artery,  205 
from  the  external  Jugular  vein,  205 
Blood  cultures,  technique  of  taking,  212- 
215 
method  of  obtaining  blood,  212 
media  for,  213,  214 
from  typhoid  patients,  214 
anaerobic,  214 
Blood  examination  for  protozoa,  1140- 

1143 
Blood  grouping,  313-315 
Jansky's  classification,  313 
Moss'  classification,  313 
'* universal  donor,"  314 
Blood,  method  of  obtaining,  204,  205 
defibrinated,    method    of    obtaining, 

205 
enriching  substance  to  bo  added   to 

media,  169 
ether   added   as  a  preservative,   205, 
169 
Bodonidaj,  1076 

Boiling  as  a  method  of  sterilization,  83 
Bordet-Gengou  bacillus,  504-508 
antibody  production  by,  508 
cultivation  of,  506 
epidemiology,  504-505 
morphology  of,  505 
pathogenicity  of,  507 
staining  of,  506 
Bordet-Gengou  phenomenon,  298 
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Bordet's  interpretation  of  toxin  anti- 
toxin reaction,  265 
Botuliemus,  740-748.    See  aieo  Bacillus 

botulinus 
Brilliant  green  as  a  disinfectant,  97 

in  culture  media,  163 
Briirs  disease,  934.     See  al$o  Typhus 

fever 
Brownian  movement,  14 
Buboes,  809,  813 
Buchner  tube  for  anaerobic  cultivation, 

183 
"Buffers"  in  culture  media,  definition 

of,  138 
Burning,  as  a  method  of  sterilising,  82 
Butter  bacillus,  617 
Butter,  bacteria  in,  1039-1042 

Tubercle  bacilli  in,  1042 
Butyl  alcohol  produced  by  fermentation 

of  starch,  55 

Cadaterinb,  61 

Capsules,  description  of,  12,  13 

relation  to  virulence,  14 

special  stains  for,  116 
Carbolic  acid,  95 

coefficient  of,  98 

determination,  of,  101 
Carbon   dioxide  produced   by  bacteria, 

196 
Carbon  in  the  nutrition  of  bacteria,  27 
Carrel    smear    method    of    examining 

wounds,  764 
Carriers  as  a  source  of  disease,  377 

in  diphtheria,  675-577 

in  dysentery  amoebic,  1062 

in  dysentery  baeillary,  714 

in  malaria,  1117,  1123 

in  meningitis,  542 

in  typhoid,  669-676 
Cellulose,  12,  24,  56 
CarcomonadidiB,  1076 

BodonidiB,  1076 

Trypanosomids,  1076 
Cercomonas  homini,  1056 
Chagas  (Schizotrypannm  enrzl),  1091 
Chancroid,  Ducrey  bacillus  in^  612 
Charbon,  778.    See  alio  Anthrax 


Charbon  symtomatiqae,  768.     See  oUo 

Symptomatic  anthrax 
Cbaulmoogra  oil,  in  treating  lepers,  625 
Cheese,  hard  and  soft,  bacteria  in,  1043 
Chemical  constituents  of  the  bacterial 
cell,  21 

bacterial  ash,  24 

lipoidal  constituents,  24 

nature  of  the  antigenic  proteins,  25 

quantitative     chemical     analysis     of 
mass  cultures,  32 

types  of  bacterial  protein,  22,  23 
Chemotaxis  in  phogocytosis,  332 
Chicken  cholera,  bacillus  of,  827-829 
Chicken  pox,  distinct  from  small  pox, 

894 
China  blue  indicator,  148 
Chitin  in  bacteria,  24 
ChlamidoKoa,  1139 
Chlamydor  bacteriaecee,  definition  of,  42 

description  of,  961 
Chloramine  T,  93 

Chloride  of  lime  as  a  disinfectant,  89 
Cholera,  Asiatic,  spirillum  of,  831 

animal  pathogenicity,  836 

biological  considerations,  835 

cholera-red  reaction,  833 

cultivation  of,  832-834 
Dieudonne's  selective  me<iium  for, 
833,  166 

disease  caused  by,  in  man,  836 

epidemiology,   837 

endemic  foci,  838,  840 

immunisation,  841 

isolation  of  from  feces,  834 

isolation  of  from  water,  834 

morphology,  831 

prophylactic  vaccinatipn  of,  841-848 

staining,  831 

toxin,  837 
Cholera-like  spirilla,  846 

Spirillum  Deneke,  845 

Spirillum  Finkler  Prior,  846 

Spirillum  Massaim,  844 

Spirillum  Itfetchnikovi,  844 
Chorea,    streptococcus   viridans    associ- 
ated with,  423 
Chromobacteria,  66 
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Ghromophytoais,  1008 
Cladothrix  asteroidetSj  964 

defined,  692 

genus,  42 
Classification  of  bacteria,  41 

according  to  flageUa  (Maasea),  16 

according  to  Migula,  41 

of    the    more    important    pathogenic 
bacteria  according  to  Gram 's  stain, 
123 
Clinic  relation  to  bacteriology,  373 
Goccaese,  definition  of,  41 
Cocci,  description  of,  9 
Coccidiodal  granuloma,  987 

coccidiodes  immunitis,  988 
Cohni  fltreptothruE  israeli,  965 
Cold,  the  common,  436-438 

filtrable  virus  in,  discussion  of,  437 

epidemiological  considerations,  488 
Colon  baoiUuB,  group  of,  627-640 

cultivation  of,  629 

definition  of,  637 

differentiation  of,  by  sugar  fermen- 
tations, 637 

distribution  of,  631 

immunization  with,  635 

in  the  intestinal  tract,  appearance  of, 
225 

in  the  normal  nose,  221 

in  water,  1023 
presumptive  test,  1024 
table  for  identification,  1026 

pathogenicity,  632-634 

poisonous  products  of,  635 

varieties  of,  636 
Colony  fishing,  technique  of,  177 
Colony  study,  193 

colony  counting,  194 
Color  standards  for  oolorimetrie  method 

of   titrating  media,   preparation   of, 

140 
Comma  bacillus,  831.    See  aUo  Cholera 
Complement  deviation    (Keisser-Wechs- 

berg  phenomenon),  297 
Complement,  facts  concerning,  295 

effect  of  concentration,  295 

filtration  of,  295 

inactivation  of,  295 


Complement,  inhibition  of,  295 

separation  into  fractions,  296 
Complement    fixation    by    precipitates, 
296 

determinatoin  of  antibodies  by,  315, 
316 

determination  of  antigen  by,  325 

for  protein  differentiation,  327 

in  glanders,  794 

in  the  Wassermann  test,  317 

in  tuberculosis,  608 
Cowpoz  relation  to  small  pox,  894 
Crenothrtx,  genus,  42 
Cristispira,  847 
Crytococcus  Gilchristi,  985 
Culex  fatigans  in  the  transmission  of 

Dengue  fever,  931 
Culture  media,  133-171.    See  aUo  Media 
Cytorryctes  variole,  892 
Cytotoxins,  discovery  of,  252 

nephrotoxins,  253 

Dakin's  solution,  production  of,  90 

Dansyz,  effect,  265 

DansyE  type,  692 

Dark-field  in  the  demonstration  of  spiro- 

chieta  pallida,  853 
Delousing,  953 

crude   creosote   oil  in  personal  pro- 
phylaxis, 955 

bath  house,  arrangement  of,  955 

gaseous  disinfection,  956 
formaldehyde,  956 
sulphur  dioxide,  956 
hydrocyanic  gas,  956 

heat,  aplication  of,  956,  957 
Degeneration  forms  of  bacteria,  20 

variations  not  degeneration  forms,  20 
Delhi  boU,  1095 
Dengue  fever,  931-932 

transmission  by  culex  fatigans,  931, 
932 

clinical  symptoms,  931 
Denitrifying  bacteria,  59 
Denitrification,  59 
Dermatophytes,  type  of  fungi  causing 

ringwohn,  995-1009 


Pi— luitutfctton,  304 
wmfthad»  toVf  3ti»,  370 

gllMHtU*t     106 

in  ■olntJon,  $0 
iiuii)[iuiic,  8T 

phji-vWiU  ■(^aUy  76 

light.  77 

•l««lricitjr»  71> 

hMt,  79 
ntftntHM*.    See  AmylaM 
l>ichUiriiiuii>«  T,  93 
niMitattKvltH  fr«gitta,  10T3 
DiMi,  tffftvl  im  intp«>Uniil  fiora,  224,  226 
Ulphthi^rln  hncillnH,  5fll-58a 
ftnlKuiin,  ^Hlt  :17:\ 

iHiiipciilrntuni  of,  272 

immunlintion  of  lioram,  270,  271 

|in>)>li>lHrtU'  (loscH,  S73 

pMIihvliiPtie  i  til  muni  sat  tuii,  580'J>83 

ii|K«ctfio    th<«r«p7,   578-580 
iliiKAiTP  in,  579 

«tftn*likntlxAtlon  nf,  271 

til..  40M.  273 

loit  n  ivAotion,  theoretical 

oniittiiif'tttlionN,  255-208 
unli,   iMIuttinn  of,  271 
lilolnglcml  ohnriirtarbitics,  564 
mrrkr  |>rohK»m  tUi  375-577 
iMilitf^ution  of,  MS         ^ 

UiitflktrVi  medium,  64?^ 
ilUxntMla,  A07 
|4l|.|it|u>rltt1U<*  I'nnlti.  582-564 

ImiMlIu*  llolTiiiHnui.  582 

ImnllluH  XtMi«i«,  684 
tllpltftioriK  UoiUi,  S84-6H5 

.Uffort'Utlntlon  by  ingmr  fenneLta- 
tli^iiN,  AHff 
iliiM'ovcrjr  of,  5in 

ildomiulnuv  of,  574  571 

wirrirn*  hi,  A'a-fl'T 


Diphtheria  bn/iillufi,  iaolation,  5($6 
morphology,  662 
pttthoguuicit^,  507-570 
causes  of  iteuth,  569 
for  aninioJa,  570 
'  *  p»«udoiu embraces, ' '  567 
resiiitauce  of,  564 
Schick  roacttou,  677 
staiuiu^,  502 

Noisver  slain,  503 
Toluidin  blue,  5M 
thennul  death  poiatf  564 
toxin,  571-574 

in  antitoxin  reaction,  theoretical 

cousidcralioDs,  225-208 
chemical  and  ph}*sieal  properties 

of,  573 
Ehrlich's  nnulysts  of.  257-263 
deterioration  of,  258 
ezpitoxoid  or  toxon,  definition 

of.  201 
Limes  death  or  L-|-  dose,  defin- 
ition of.  260 
Limeti  sero  iu  L,  dose,  defini- 
tion of,  259 
method  of  partial  absorption, 

202 
standardiKation,  258 
toxoid.  259 
unit  of,   257 

method  of  production,  571 
thcmiolnbiUty,  572 
virulence   determination 
Diphtheroids,  description  of,  584,  585 

in  the  normal  nose,  221 
Diplococcus  crassus.  535 
Diplwoccus  gonorrh<p*c,  547.     Stfff  4tl$o 

GoQococcua 
DiplococcuH  lanccolutus,  438.     See  dUo 

Pneuraococcus 
Diplococcus  niucosus,  536 
Diplococcus  pncumoniso,  438.     See  oUo 

Pneumocoocufl 
Discomjces,  904.    See  aUo  Noeardis 
bovis,  965 

in  madura  foot,  072 
Diainfcctants,  86-100 
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isinfectaots,  baeterieidal  strengths  of ^ 

105 
gaseous  for  fumigation,  105 
chlorin,  106 
formaldehyde,  106 
hydrocyanic  acid  gas  for  rodents, 

109 
oxygen,  106 
sulphur  dioxide,  106 
inhibition  strengths  of,  104 
inorganic,  87 
efficiency  of  acids,  salts  and  bases 
proportional  to  degree  of  disso- 
ciation, 87 
halogens,  89 
chloride   of   lime,    or    bleaching 

powder,  89 
eusol,  93 

terchloride  of  iodin,  93 
tincture  of  iodin,  93 
iodoform,  93 
oxydising  agents,  93 
peroxide  of  hydrogen,  93 
potassium  permanganate,  94 
organic,  94 
alcohols,  94 
carbolic  acid,  95 
essential  oils,  96 
flavine  dyes,  96 
formaldehyde,  95 
formalin,  95 
lysol,  95 
tricresol,  95 

triphenylmethane  dyes,  97 
brilliant  green,  97 
malacito  green,  97 
testing  efficiency  of,  methods  for,  97 
98 
Bideal  Walker,  98 
U.  S.  Public  Health  Service,  99 
istempcr,  canine,  798 
oderlein  's   baciUuB,   occurrence    of   in 
vagina,  230 
'ourine,  1084 

Tying,  resistance  of  bacteria  to,  76 
ucrey  bacillus,  510-513 
cultivation  in  rabbit's  blood,  167 
etiological  factor  in  chancroid,  512 


Doer^  baeilloB,  isolation  of,  511 

pathogenicity,  513 
Drug  idiosynerasieB,  371,  352 
DTN  AP*,  meaning  of,  257 
Byes,  anilin,  as  staining  agents,  113 

selective  action  of  in  media,  170,  161 
Dysentery,  amffibie  (Entamoeba  histoly- 
tica), 1054-1062 

autopsy  findings,  1065 

carriers  in,  1062 

complications  following,  1055 

eyst  formation,  1060 

degenerative  forms,  1060 

diagnosis,  1056 

distribution,  1055 

epidemiology  of,  1063 

multiplication,  1057 

observation  of  fresh  specimen,  1058 

staining  methods,  1057 

treatment  in,  1062 
Dysentery,  bacillary,  700-717 

carriers  in,  714 

clinical  description  of,  711 

epidemiology  of,  711-715 
transmission  of,  713,  714 

fermentations  of  the  bacilli  causing, 
707 
compared  with  typhoid-paratyphoid 
group,  718 

general  characteristics  of  bacilli  caus- 
ing, 706 

historical  survey,  700-704 

immunization  with  dysentery  bacilli, 
710 

poisonous  products  of  dysentery  ha- 
cilU,  708 
action  on  animals,  709 

prevention  of,  711 

prophylactic  vaccination,  716 

reslBtanco  of  dysentery  bacilli,  709 

serum  treatment  of,  717 

thermal  death  point,  707 

types  of  bacilli  caubing,  704-707 
Plexner,  704,  707 
Shiga,  700,  704,  707 
Strong,  704,  707 
"T,"  704,  707 
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Ehrlich's  analyeis  of  diphtheria  anti- 
toxin, 257-263 

Ehrlich's  side  chain  theorj^,  216-268 
Eloctricity  in  the  destruction  of  bac- 
teria, 79 
Empyema,  following  pneumonia,  466 
Endocarditis,  gonococous  in,  553 

streptococcus  viridans  in,  422,  423 
Encephalitis  lethargica,  919 

clinical  picture  in,  920 

etiology,  920,  921 
discovery  of  globoid  bodies  in,  921 

relation  to  influenza,  920 

spinal  fluid  in,  920 
Endoenzymes,  49 
Endolimaz,  nana,  1068 
Endotoxins,  236 

probably  protein,  24 
Energy  of  bacteria,  source  of,  29,  30 

derived  from  oxidation  of  ammoxiia, 
65 

derived  from  oxidation  of  hydrogen 
sulphide,  68 
Entamoeba,  1051 
Entamoeba  Butschlii,   1068    (iodamoeba 

Butschlii) 
Entamoeba  Coli,  1063 

cyst  formation,  1065 

infection,  experimental  with,  1066 

morphology,  1064 

multiplication,  1066 
flntamcBba  gingavalis,  1066 

morphology  of,  1067 

eyst  formation  of,  1067 

histolytica,  1054-1062 

(etiological  factor  in  amoebic  dysen- 
tery, see  Dysentery  amoebic) 

nana,  see  EndoUmax  nana,  1068 

tetragena  africana,  1060 
Enteritidis,  bacUluB  of  (Gaertner),  687 

meat  poisoning  due  to,  698 
clinical  picture  in,  699 
EnterococcuB,  399 

in  the  normal  intestinal  tract,   225; 
227 
Enzymes,  bacterial,  as  katalysers,  47 

B:nyla8e  or  diastase^  55 
method  of  testinf;  for,  212 


Enzymee,  cellulase,  56 

gelase,  66 

invertase,  66 
method  of  testing  for,  202 

Ub,  53 

lactase,  56 

lactic  acid  fermentation,  56 

lipase,  53 

maltase,  66 

of  fermentation,  54 

oxydases,  57 

proteolytic,  48 

method  of  testing  fbr,  49,  201,  202 

xymase,  in  alcoholic  fermentation,  58 
Epidemiology    of    infectious    diseases, 

377-383 
van  Ermengen's  stain  for  flagella,  119 
£r3rsipelas,  streptococcus  in,  416 

treatment    with    leucocyte    extracts, 

433 
Erythrasma,  1009 
Eamarch  roll  tubes  for  obtaining  single 

colonies,  177 
Essential  oils  as  disinfectants,  96 
Eusol,  93 
Exudates,  examination  of,  207,  208 

Parot,  790 

Fats  in  bacterial  cell,  24 

Fat-splitting  enzymes  produced  by  bac- 
teria, 63 

Favus,  1001 

Ferments.    See  Enzymes,  47 

Fermentation,  64 
as  a  source  of  energy,  80 
alcoholic,  58 
ammoniaeal,  62 
caused  by  both  yeasts  and  bacteria, 

46 
due  to  bacterial  enxymes,  47 
lactic  acid,  56 

Feces,  examination  of,  211 

isolation  of  tubercle  bacilli  from,  212 
isolation  of  typhoid  bacilli  from,  653 
kinds  of  organisms  present,  211 
isolation  of  anaerobes  from,  by  rab- 
bit inoculation,  211 
number  of  bacteria  in,  211 
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Filters,  types  of: 

Berkefeia,  1^ 
Ghamberlaiid,  144 
cleaning  and  ■teriltgation  of  filters, 
145 
Filtrable  virus,  general  considerations, 
889-890 
diseases  caused  hy,  Wolbaeh's  chart 

of,  891 
in  conneetion  with  the  common  cold, 

437 
in  influenza,  486-488 
Flagella,  15 
arrangement  and  structure,  15 
staining  of,  118 
Flavine  dyes  as  disinfectants,  96  • 
Flojoier  bacillus  in  baoiUary  dysentery, 

704,  707        . 
Foot-and-surath  disease,  932-933 

due  to  a  filtrable  virus,  933 
Formaldehyde,  disinfectant  action  of,  95 
methods  for  producing  for  fumiga- 
tion, 107,  108 
Brcslau  apparatus,  107 
V.  Brunn  apparatus,  118 
licntz  apparatus  using  glycerin  to 

prevent  polynecrization,  107 
"lime"  method,  108 
potasHium    permanganate    method, 

109 
TriUat  autoclave,  109 
Formalin,  95 

bactericidal  strength  of,  104 
inhibition  strength  of,   103 
methods   of  producing  formaldehyde 
from,  107.    See  also  Formaldehyde. 
Fowl  typhoid,  694 
Frambcesia  tropica,  870 
Friedlander's  bacillus,  720 

occurrence  of  in  the  normal  mouth, 

219 
occurence  of  in  the  normal  nose,  221 
pathogenicity  of,  723 
Fumigation,  105-110 
chlorine  in,  106 
formaldehyd,  107-109 
hydrocyanic  gas  for  rodents,  109 
oxygen,  106 


Fumigation,  oioae,  106 

sulphur  dioxide,  106 
Fungi,  pathogenic,  973*984 

ascomyeetes,  979 
yeastes,  980 

classification  of,  975 

hyphomycetes      ( fungi     imperf eeti) , 
983-1009 

morphological  definitions,  974 

phycomycetea,  978 
mucor,  978,  979 
FumnculosiB,  391 
FusiforAi  bacilli  in  Vincent 'h  angina. 

867 
Fusiform  bacilli  other  than  those  found 

in  ^^ncent'a  angina,  869 

Oabbxt'S  stain  for  the  tubercle  bacil- 
lus, 124 
Oaertner  bacillus,  687 

meat  poisoning  due  to,  698 
clinical  picture  in,  699 
Oas    bacillus,    751-756.      See    also    B. 

WelchU 
Oas  formation  by  bacteria,  196 

analysis  of,  197 

determined    by    Smith    fermentation 
tube,  196 

hydrogen  sulphide,  197 
Oelase,  56 
Genitalia,  examination  of  lesions  on,  216 

syphilitic,  216 

chancroid,  216 
Gentian  violet,  selective  action  in  media, 

170 
Geryk  pump  for  producing  a  vacuum, 

908 
Giardia  intestinalis,  1074 
Giemsa's  stain,  127 
Glanders  bacillus,  787-794 

biological  considerations,  789 

complement  fixation,  794 

cultivation,  787-788 

diagnosis  of,  791 
Strauss  test  in,  791 

immunity,  794 

morphology,  787 

pathogenicity,  789 
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Glanders    bacUluB,    pathogenicity,    in 
horses,  789-791 
in  man,  789,  790 

nodule   fonnation   In   the   chronic 
form  of  the  diseaae,  791 
staining,  587 
toxins  of,  791 
mallein,  diagnositic  use  of,  792,  793 
mallein,  preparation  of)  792 
Glassware,  method  of  cleaning  and  ster- 
ilizing, 133 
Globoid  bodies  in  poliomyelitis,  915 
Globulin   in   spinal   fluids,   method   of 

testing  for,  209 
Glycerin  in  culture  media,  169 

for  growth  of  tubercle  bacillus,  592 
Gonococcus,  547-559 
antibodies  to,  563 
complement  flxation  with,  553 
cultivation  of,  548-550 
endocarditis  due  to,  553 
fermentation  reactions,  535 
identification  of,  551,  552 

by  sugar  fermentations,  551 
morphology  of,  547 
ophthalmia  due  to,  555 
pathogenicity,  552 
prophylaxis,  559 
rheumatism  due  to,  553 
resistance,  552 
thermal  death  point,  552 
types  of,  550 
vaccine  therapy,  554 
vulvovaginitis  due  to,  556 
Gram-negative  bacteria,  important  path- 
ogenic list  of,  123 
Gram-negative  cocci,  table  of  fermen* 

tations,  535 
Gram-positive  bacteria,  important  path- 
ogenic list  of,  123 
Gram 's  stain,  121 
Gram-Weigert  method  of  staining  Gram 

positive  organisms  in  tissues,  130 
Group  agglutination,  282.    See  alto  Ag- 

glutination. 
Grubor-Widal  reactiou,  302 

H^GMOPUiLic  group  of  organisms,  482 


Haffkine's  virus,  825,  826 

Halogens  as  disinfectants,  89,  104,  103 

"Hanging  block  method"  for  studying 

living  bacteria,  112 
"Hanging  drop"  method  for  studying 

living  bacteria,  111 
Halteridium,  1099-1101 
Hay  fever,  870 

Heat,  in  the  destruction  of  bacteria,  70 
dry  and  moist,  comparison  of,  80 
low     efficiency     of     "superheated" 

steam,  82 
live  steam,  83 
steam  under  pressure,  85 
Helber  counting  chamber  for  bacteria, 

195 
Hemorrhagic-Septicsemia  group,  807-829 
bacillus  of  chicken  cholera,  827 
bacillus  of  plague-like  diseases  in  ro- 
dents, 826 
bacillus  Pestis,  807 
bacillus  of  swine  plague,  829 
Hemolysin,  280 
discovery  of,  252 
immune,  discovery  of,  279 

specificity  of,  299 
production  by  staphylococcus,  393 
production  by  streptococcus  hemoly- 
tieus,  426 
Hemolytic  tests,  311 
Hemoproteus  eolumbse,  1099-1101 
Hemosporida,  7098 

d'Herelle's  "Bacteriophage"  phenom- 
enon, 70,  71 
Hemuum  's  stain  for  the  tubercle  bacil- 
lus, 126 
Higher  bacteria  for  trychomycetes,  761 
Hiss'  capsule  stain,  116 
Hiss'  leucoeytie  extract,  344-346 
Histamine,  52 
liberated  by  abnormal  proteolytic  ac- 
tivity in  the  intestinal  tract,  227 
produced  in  bacterial  cultures,  237 
Hoffmann  bacillus,  582 
Hog-cholera,  bacillus  of,  691 
Hot  air  sterilization,  82 
Huntoon's  capsule  stain,  117 
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HydroeTUiid  Mid  gu,  dartnietioii  of 

rodents  by  fumigation  with,  109 
Hydrogen  in  the  natiitioa  of  baeteria, 

31 
Hydrogen  ion  determination,  13S-148 
by  colorimetrie  method,  136-148 
Ph,  meaning  of,  1S8,  188 
preparation  of  cob>r  standards  for, 

141 
indieaton  for   Tarloiis   ranges   of 
Ph,  140,  141 
aetoaS  steps  in,  148 
"buffer,"  definition  of,  ISS 
eomparator,  for  reading,  148 
Hydrogen   sulphide   produced   by  bae- 

teria,  determination  of,  197 
Hydrophobia,  900.    Sw  dUo  BaUes 
Hypersuaceptibility,  deflnitSon  of,  8S8 

Doerr'B  elassiilcation,  858,  363 
Hypomyeetee,  988 
in  relationship  to  other  plants,  40 

IHICUNITT,  defined,  840,  841 
natural,  241 
racial,  848 
species,  241 
acquired,  243 
active,  244 
produced    with    attenoatcd    enl* 

turee,  245 
produced    with   sublethal   doses, 

246 
produced  with  dead  bacteria,  246 
produced  with  bacterial  products, 
247 
pasBive,  247,  248 
antitoxic  sera,  247 
antibacterial  sera,  247 
Impetigo  eontagiosum,  392 
Ictero-hsmorrhagic  fever,  885.   See  aUo 

Weil's  disease. 
Incubators,  190 

tbermo  regulators,  191 
Indicators,  theory  of,  146 

for  hydrogen  ion  determination,  140, 
141 
phenol  red  or  phcnolsnlphonephtha- 
iein,  141 


Indicators  for  hydrogen  ion  determina- 
tion, brom-thymol  blue,  141 
erwol  red,  141 
for  addition  to  culture  medi%  147 
Andrade,  147 
china  blue,  148 
litmus,  147 
neutral  red,  148 
Indol  production  by  bacteria,  199 
method  of  testing  for,  199 
Vanillin  test,  199 
Infantile  paralysis,  918.  See  aUo  Polio- 
myelitis 
Infantile  splenomegaly,  1095 
Infection,  definition  of,  230 
faetoia  determining,  232,  233 
path  of,  232 
Infections  diseases,  transmission  of  by 
direct  contact,  380 
by  insecU,  380 
in  intestinal  group,  379 
through  respiratory  channels,  878 
Influenza  bacillus,  482-501 
biology  of,  498 
clinical  picture,  482,  483 
cultivation  of,  495-498 
preservation  of,  497 
epidemiology,  488 
characteristics    of    the    epidemics, 

489 
history  of  the  last  War  epideg^ics, 

493,  494 
secondary  and  tertiary  waves,  char- 
acteristics of,  492 
transmission,  490 
etiology  of,  484 

arguments  for  and   against   Influ- 
enza bacillus,  485,  486 
flltrable  virus  theory,  486-488 
in  trachoma,  500,  501 
isolation  of,  495 

Avery  sodium  oleatc  agar,  496 
morphology,  494 

occurrence  of  in   inter-epidemic  per- 
iods, 499 
pathogenicity  for  animals,  501 
stains,  494 
toxin  formation,  499 
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Lnflueoxa  bacillus,  varivtieB  of,  500 

Infusoria,  1X37 

IiUubition  strength,  of  various  atititeiH 

ties,  103 
InoculntioQ  of  modia,  17S 

type  of  wire  for,  173 

technique    of    transferring    cultures, 
175 
Intestinal  trnct,  bacterial  flora  of,  223* 
228 

influence  of  ago,  224,  225 

influeaoe  of  diet  oo,  224,  226 

infliiouce  of  B.  Welchii  in,  226,  227 
Intravital    method    of   atudyiog    living 

bacteria,  112 
Invertase,  56 
lodama^ba  Biitschlii,  1069 
loiline,  tiucture  of«  as  a  disinfectant.  9^ 
Iodoform,  93 
lauagglutininH  in  human  blood,  313-315 

Jaiieky's  claasificatiou,  313 

Moss  claasiiieatioD,  313 

"universal  douor, "  314 
Isolation  of  barteria  in  pure  calture  hy, 
174 

pour  plates,  17S 
technique  of.  175 

colony  fisbiuf;,  lechniqno  of,  177 

streak  plates,  technique  of^  178 
Isolyeins,  299,  30U 

Javkdtce,  epidemic,  885-888 

clinical  description,  865-886 

etiology,      spirochaeta      icterohaiinoT- 
rhagia^,  886 
cultivation  of,  SSfi,  887 

prevention,  888 

serum  treatment,  888 

transmission,  887 
Jeiiner*s  stain,  127 
Jensen's  modification  of  Gram's  stain, 

122 

Kala-azab,  1093 

Katabolie  activities  of  bacteria,  46 

Kefyr,  1031 

Kemig  sign  in  meningitis,  527 


Klcbv-Locffler  ba«UluB|  661,     See  oUol 

Diphtheria  bacillus 
Koch-Wcelts  bacillus,  502 
Rolle  vaccinatioii  method  for  B.  pestiBy 

204 
KoumjTB,  1031 
Kreatoxiamtm,  81 


L4>  2>08Z,  diphtheria  toxin,  260 

In  dose,  diphthrria  toxin,  259 

Labferment,  S3 

Lactase,  56 

Lactic   acid    bacilli   iu  bactoriothonCi 

1044 
lactic  acid  fermentation,  36 
Lambia    iutcstinnliH,    1(J74.      Sre 

OiL.rdia  iutvstinalia,   1074 
Ijindry's  paralysis,  yi2,  915 
latency  of  bacteria  in  tissues  and  cir- 
culation, 223  J 
l^ischmania,  1093  I 
Leisi'hmauia  braniiiansid.  1007 
Lcischmnnia  donovuni,  1003 

animHt  pathogenicity,  1095 

morpbolugy,  1U1*3 
Leisohmuniii   infantum,    1095 
Leischmania  nilotica,  1097 
Loischmania  tropica,  1096 
Leprolin,  024 
Leprosy,  bacillus  of,  620-625 

cultivation  of,  621 

discovery  of,  620 

distribution  of,  622,  623 

nioi'pholugy  of,  ()20 

pathogenicity,  622 

clinical  varieties  of.  623 
contagioasuess  of,  624 
reaction  of  le|K>r8  to  tulxTrulin,  625 
therapeutic  use  of  Cfaaulmogra  oil, 
625 
IiCtprnsy,  rat,  625,  626 

arid-fast  bacilli  iu,  626 

cultivation  of,  626 
Ijeptotbrix,  962.  963 

in  the  normal  mouth,  220 
Leptospira,   class   of   spiral    organisms, 

849 
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Leptospira   ieterohaemorrhaguB,    caoMi- 
tive  agent  of  jellow  fever,  881-883 

description  of,  882 

immunisation  with,  884 

medium  for  cultivation  of,  882  . 

relation  to  Weil's  disease,  883    . 
Leucocidin,  Nakayama's  method  of  test- 
ing for,  429 

production  by  staphylococcus,  304 

production  by  streptococeas,  428 

specificity  of,  238 
Leucocytic  substances  (Hiss),  eifect  of 
injections  of,  344-346 

method  of  obtaining,  345 
Lice,  953 

baths     for     individual     proetection 
against,  955 

crude  creosote  oil  for  prophylaxis,  955 

habits  of,  953,  954 

heat,  in  delousing,  956,  957 

in  the  transmission  of  typhus  fever, 
937 
Rickettsia  bodies  in,  943 

varieties  of,  953 
Light  in  the  destruction  of  bacteria,  77 
Light  production  by  bacteria,  66 
Limber  neck  in  chickens,  relation  to  bo- 

tulismus,  746 
Lipase,   enz^-me   produced  by   bacteria, 

53 
Lipoidal  constituents   of  the   bacterial 

cell,  24 
Lipovaccine,  tj-phoid,  481,  683 
Litmus  indicator,  147 
Lockjaw,  727.  See  also  Tetanus 
Loefflcr's  medium  for  diphtheria,  565 
Loeffler's  method  for  staining  bacteria 

in  tissues,  129 
LocfBcr's  stain  for  flagella,  119 
Ludwig's  angina,  417 
Lysins,  278,  279 

Lysol,  95,  104  ! 

Lytic  agents,  transmissible  in  scries,  69  | 
Lyssa,  900-909.     See  also  Babies  ; 

i 
Macrophage,  331  i 

Madura  foot,  971,  972 
Madurella  in  madura  foot,  972 


Malachite  green  as  a  disinfectant,  97 

in  culture  media,  168 
Malaria,  1102-1131 
earriei  state  in,  1117,  1123 
clinical  description  of,  1115-1117 
cultivation  of  in  vitro,  1118 
deseription  of  the  mosquito,  1118 
development  of  the  larva,  1119 
incubation  period  in,  1121 
life  history,  1121 
development  of  hnman  malarial  para- 
sites in  the  moaqnito,  1117 
epidemiology,  1122 
carriers  in,  1123 
prevention   of   mosquito   breeding, 

1122 
quinine  prophylaxis,  1125 
screening,  1122 
treatment,  1124 
examination  of  fresh  blood,  1114 
geographical  distribution,  1103 
history  of,  1102 
immunity  in,  1127 
life  cycle  of  paracite,  1106 
other  malarial  parasites,  1131 
pathology,  1126 

Plasmodia  finer  structure  of,  1112 
Plasmodium  falliparum  causing  aes- 
tivo  autumnal  fever,  1111 
staining  of,  1114 
Plasmodium  malaris  causing  quar- 
tan fever,  1110 
staining  of,  1114 
Plasmodium  vivax,  causiug  tf^tian 
fever,   1107-1110 
susceptibility  of  negroes  to.  1105 
transmission  by  various  species,  ano- 
pheles mosquitoes,  1118 
treatment  of,  1129 
Malignant  edema,  bacillus  of.     Sec  Vi* 

brion  septique;  B.  sporogencs 
Mallein,  791 

diagnostic  use  of,  792 
preparation  of,  791 
Mallory  's  eosin  methylene-blue  stain  for 

bacteria  in  tissues,  131 
Malta  fever,  795.  See  <iUo  B.  melitensia 
Maltase,  56 
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Marmoaeti,  speciefl  of  monkey^  suscep- 
tible  to   lieptospira  icterohemorrha- 
gife,  881 
Mastigophora  (class  of  protozoa),  1073 
Measles,  922-920 
virus  in  blood,  922 

virus  in  nasal  and  pharyngeal  wash- 
ings, 923 
epidemiology,  923-926 
infectious  period,  925 
incubation  period,  926 
pneumonias  following,  925 
prevention  of,  925 
Meat  poisoning  due  to  B.  botuUnus,  740 
Meat  poisoning  due  to  Oaertner  baccil- 

lus,  698 
Media,  133171 
anaerobic  tissue  tubes  for  spiroehaete 

cultivation,  167 
cooked  meat  medium  for  cultivating 

anaerobes,  168 
djes,  selective  action  in  media,  170, 

also  see  161,  162 
enriching  substances  added  to,  168 
ascitic,  hydrocele  or  pleiiral  fluids, 

169 
blood,  169 
method  of  obtaining,  160 
preservation  of  blood  by  adding 
ether,  169 
Formulffi  of   media  in   genend   use, 
148-156 
agar,  hormone  or  vitamine,  149 
lactose  litmus  (Wurts),  153 
meat  extract,  148 
meat  infusion,  148 
sodium  oleate  for  the  influenza 

bacillus,  156 
starch  (Vedder),  154 
trypager,  153 
broth,  calcium  carbonate,  156 
for     streptococcus     agglutination 
(Avery),  150 
glycerine,  150 
hormone  or  vitamrno,  149 
moat  extract,  148 
meat  infusion,  148 
potato,  155 


Media,  formule  in  general  use,  sogw- 
free  broth,  150 
"chocolate"  media,  168 
Dorset  egg  medium,  154 
Dunham's  solution,  151 
Gelatin,  meat  extract,  151 
gelatine,  meat  infusion,  152 
glycerine  egg  (lubenau),  154 
hormone  media,  149 
Ixwffler's  medium,  156 
medium  for  cultivating  nitrifying 

bacteria,  65 
milk  media,  166 
nitrate  broth,  151 
pepton  salt  solution  (Dunham),  151 
serum     water     for     fermentation 

(Hiss),  157 
synthetic  media  for  tubercle  bacilli, 

155 
Uschinsky's  protein  free,  151 
Welch's  modification  of  Ouanieri's 
medium,  154 
General  methods  of  preparing,  133 
clearing  with  egg,  143 
filtration,  143 
ingredients,  135 

meat  extract  and  meat  infusion 
defined,  135 
slanting  of,  146 
sterilixation  of,  by  144 
autoclaving,  144 
filtration    through    Berkefeld    or 

Chamberland  filters,  144 
fractional  method,  144 
titration  of,  136 
eolorimetric  method,  138 
actual  steps  in,  142 
"buifer,"  definition  of,  138 
color    standards,    preparation 

of,  140 
indicators   for  various   ranges 

of  Ph,  141 
Ph,  meaning  of,  138,  139 
phenolphthalein,  old  method,  136 
Indicators  added  to,  147-148 
Rabbits'   blood    for   Ducrey  bacillus, 
167 
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Media,  formulBD  in  general  use,  special  for 
colon-typboid  differontiation,  158 
Barsickow  's  medium,  164 
bile  medium,  163 
brilliant  green  agar  (Krumwiede), 

161 
brilliant  green  eosin  agar  (Teague 

and  Clurman),  162 
Conradi-Drigalski,  158 
Endo's,  159 
Kendall's  modification  of,  160 
Bobinson  's  and  Bettger  '■  modifl- 
cation,  160 
Jackson's  lactose  bile  medium,  163 
lead  acetate  agar  for  Partyphoid  A 

and  B  differentiation,  163 
lead     acetate     added     to     Russell 

double  sugar,  165 
Mackonkey^B  bile  salt,  164 
malachite    green    broth    (Peabody 

and  Pratt),  163 
Neutral  red  medium,  164 
Bussell  double  sugar,  164 
with  lead  acetate,  165 
q>ecial,  for  isolation  of  cholera  spir- 
alia,  166 
Aronson's,  166 
Dieudonne,  166 
Teague  and.  Travis,  167 
Meningitis,  acute  primary,  514 
due  to  meningococcus  or  pneumococ- 

eus,  514 
epidemic,  514 
secondary,  514 
Meningococcus,  514,  546 
agglutination,  523 

agglutinin  absorption,  522 

diagnostic,  543,  544 

method  of  producing  agglutinating 

serum  for  laboratory  use,  523 
technique  of,  524 
animal  pathogenicity,  526 
eacrier  determination,  542 

diagnostic-  agglutination,  543,  644 
media  for,  542 

West  tube  for  taking  nasopharu- 
geal  swabs,  542 
cultivation  of,  516 


Meningococcus,  cultivation  of,  influence 
of  COa  on,  518 
media  for  fermentation   reactions, 

520 
optimum  Ph,  518 
optimum  temperature,  518 
special  media  for,  519,  520 
diagnosis  of,  527 

differentiation  from  other  Gram  neg- 
ative cocci,  533 
epidemiology,  536-546 
carriers,  539 
cure  of,  545 

determination  of,  542-544 
rate  of,  540,  541 
seasonal  prevalence,  537 
susceptibility  of  negroes,  537 
susceptibility,  variability  of,  539 
fermentation  reactions  of,  535 

medium  for,  520 
morphology  of,  515 
resistance  of,  520 
■epticsemia  due  to,  527,  529 
serum  therapy  in,  529,  533 
serum,  administration  of,  530 
dosage  in,  531 
intravenous  injections,  532 
effect  of,  532,  533 
standardisation    by    agglutination, 
530 
spinal  fluid,  method  of  obtaining,  527 
spinal  fluid,  examination  of,  528,  529 
staining  of,  515 
toxic  products,  521 
types  of,  522 
virulence,  546 
Metchnikoff's  baeteriotherapy,  1044 
Metchnikoff'a    work    on    phagocytosis, 

330,  334 
Methylene-blue,  anaSrobie  indicator,  187 
Micrococci.    See  Staphlyococci,  384 
Micrococcus,  genus,  41 
Micrococcus   candicans   in   the    normal 

month,  218 
Micrococcus  catarrhalis,  553,  559-560 
differentiation  from  gonococcna.  nd 

meningococcus,  559 
fermentation  reaetions  of,  586   - 
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Microeoecut  catanhftlis,  occurrence  of 

in  the  normal  mouth,  218 
Micrococeua  crassuB,  535 
Micrococcus  flavus,  534 

in  the  normal  mouth,  218 
Micrococcus  intracellularis  meningitidis, 

504.    See  also  Meningococcus 
Micrococcus  melitensis,  795.     See  also 

B.  melitensis 
Micrococcus  pharyngis  siccus,  535 
occurrence  of  in  the  normal  mouth, 
218 
Micrococcus  tetragenous,  398 

present  in  the  normal  mouth,  218 
Microphage,  331 

Microscopic  study  of  bacteria,  111 
in  fixed  preparations,  112 

method  of  making  a  smear,  113 
see  staining,  113 
in  living  state, 

by  "hanging  drop"  method,  111 
by  "hanging  block"  method,  111 
by  intravital  method  of  Nakanishi, 
112 
Microsiphonales,  961 
Microspira,  genus,  42 
MicroBporon,    1003.      See    also    Micro- 
sporon  furfur  and  Microsporon  min- 
utissum,  1009 
Milk,  alcoholic  fermentation  in,  1031 
bacteria  in,  1027 
"bitter,"  1031 

butyric  acid  formation  in,  1030 
"certified,"  1029 
counting  bacteria  in,  1038 
dairy  inspection,  1037 
pasteurisation,  1037 
regulation  concerning,  1040 
relation  to  infectious  disease,  1031 
anthrax,  occurrence  of,  in,  1035 
cholera  traced  to,  1033 
diphtheria  traced  to,  1033 
foot-and-mouth    disease    transmitted 

by,  1035 
infantile  diarrhea  attributed  to,  1034 
scarlot  fcvor  traced  to,  1033 
streptopopci  in,  3034 


Milky  streptococci  in,  epidemic  of  mm 
throat  caused  by,  1034 

tuberculosis    transmitted    by,     1035- 
1037 
tuberculin  test  for  cattle,  1037 

species  of  bacteria  in,  1029 

source  of  bacteria  in,  1027 

souring  of,  1029 
Kefyr,   1031 
Koumys,  1031 

sterilization  of,  1037 
Milzbrand,  773.     See  also  Anthrax 
Moeller's  spore  stain,  116 
Moisture,    importance    of    in   bacterial 

growth,  39 
Molds,  in  the  normal  nose,  221 

occurrence  of,  982 

pencillium  glaucum,  083 

aspergilli,  983 

stcrignocystis,  983 
Monilia  albicans,  989 
Monilia  psilosis,  991 

relation  to  sprue,  991 
Morax-Axenfcld  bacillus,  508 
Morgan    bacilli    in    infantile    diarrhea, 

717 
Motility  of  bacteria,  14 

conditions  favoring,  15 

organs  oi,  14 

true     motility     distinguished      from 
Brownian  movement,  14 
Mount  Desert  bacillus  in  bacillary  dys* 

entery  (Park),  704,  707 
Mouth,  bacteria  in,  217,  218,  219 
Much^s  granules  in  tubercle  bacilli,  688 
Mucor,  979 
Mumps,  930 

incubation  period,  930 
Muriseptus,  bacillus  of,  503 
Mutation,  bacterial,  43 

problem  of,  in  connection  with  strep- 
tococcus, 434 
Mycetoma  or  Madura  foot,  971,  972 
Mycoderma  dermatitis,  085 

Naoana,  1081 

Nakayoma  *»    method    for    testing    for 
leueocidin,  420 
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Negri  bodies  in  rabiee,  902 

cultivation  of,  by  Noguchi,  905,  906 

diagnoflis  of  rabies  by,  903 

van  Gicson's  method  for  rapid  dem- 
onstration, 903,  904 

aigniflcanee  of,  904,  905 

staining  in  tissues,  902 
Neisser's  stain  for  polar  bodies,  126 
Neisser-Wechsberg  phenomenon,  297 
Nephrotoxin,  253 
Neutral  red  indicator,  148 
Nitrifying  bacteria,  64 
Nitrite  formation  by  bacteria,  200 

method  of  testing  for,  200 
Nitrogen  fixation  by  bacteria,  60 
Nitrogen  in  the  nutrition  of  bacteria,  31 
Nitroraonas  or  nitrosomonas,  64 
Noeardia,  963-965 

in  rat-bite  fever,  965 

in  Madura  foot,  972 

mlnutJBslmum,  1009 
Noguchi  's  butyric  acid  test  for  globu- 
lin, 209 
Noguchi 's  globoid  bodies  in  poliomye- 
litis, 915,  916 
Noguchi 's  method  of  cultivating  spiro- 

cbEeta  pallida,  856 
Non-specific  protein  therapy,  347 

clinical  picture  following,  348 
Nose,  normal  bacterial  flora,  220 

filteriag  action  of  nasal  mucous  mem- 
brane, 221 

percentage   findings  of   various   bac- 
teria, 221 
Novy  jar  in  anaerobic  cultivation,  185 
Nutrition  of  bacteria,  elements  neces- 
sary, 27 

carbon,  27 

oxygen,  28 

nitrogen,  31 

hydrogen,  31 

salts,  31 

substances  of  unknown   composition, 
32 

vitamines^  33 

OiDiuM  albicans.  989 
Oidium  Hektoenii.  9«5 


Oidiom  lactis,  in  cheese,  1042 

therapeutic  use  of,  1046 
Ooepira,  964 

Ophthalmia  doe  to  gonoeoceas,  555 
Opsonic  index,  ft41 
Opsonic  test,  339 
in  judging  elfeet  of  vaccine  therapy, 

344 
Simon,  Lamar  and  Bispham 's  method, 

341 
Wright 's  technique  of,  339 
method  of  obtaining  bacterial  emul 

sion,  339 
method  of  obtaining  blood  serum, 

339 
method  of  obtaining  leucocytes,  340 
Opsonins,  336 

multiplicity  of,  337 
Neufeld's  and  Bimpau's  work  on,  337 
relation    to    antibodies    and   comple- 
ment, 338,  339 
specificity,  337 
thermolabilily  of,  338 
Wright  'a  work  on,  336,  337 
Osteomyelitis,  caused  by  staphylococcus, 
392 
caused  by  streptococcus,  416 
Osmotic  properties  of  bacterial  cell,  25 
Oxydases,  57 
Oxydising  agents  as  disinfectants,  93, 

103,  104 
Oxygen,  in  the  nut;ition  of  bacteria,  28 
bactericidal  action  of,  106 
partial  tension  for  the  growth  of  bac- 
teria, 189 
Oysters,  examination  of,  1047 
Ozsne,  bacillus  of,  726 

Perez  bacillus  of  ozsenc,  726 

PASTEURIZATION'  of  milk,  1037 

Paltauf 's  modification  of  Gram's  stain, 

121 
Pappenheim-Saathof  stain,  115 

for  gonococcus  smears,  548 
Pappcnheim's  stain  for  differentiating 

between  the  tubercle  bacUlus  and  the 

fimcgma  bacillus,  125 
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Pappenheimer  's    method    for    staining 
Gram  positive  bacteria  in  tissues,  131 
Parasites,  defined,  33,  231 
facultative  parasites,  34 
not  necessarily  pathogenic,  231,  232 
Paratypboid-entoritidis  group,  686-099 
differential     considerations,     within 
group,  669 
fermentation    reactions,    chart    of, 
690.     See  also  718 
differentiation  of  from  B.  coll  and 

t^hoid,  687 
general  survey  of,  687-689 
Paratyphoid  A,  defined,  689 
pathogenicity  for  man,  696 
Paratyphoid   B,  heterologous   group, 
698 
pathogenicity  for  animals,  691-695 
6.  abortus  equl,  693 
distinguished  from  B.  abortus 
bovia,  693,  799 
B.    enteritidis    (Gaertner    bacil- 
lus), 687,  698 
B.  of  fowl  typhoid   (6.  sangui- 

narium),  694 
B.  Pestis  caviflB,  692 
B.  psittacosis,  694 
B.  pullornm,  695 
B.  typhi  murium,  691 
Danysz  type,  692 
hog  cholera,  691 
pathogenicity  in  man,  697 
meat  poisoning  due  to  Gaertner  ba- 
cillus (B.  enteritidis),  698 
clinical  picture  in,  699 
typhoid-like  fever  due  to,  697 
Paratyphoid  C,  688 
preventive  measures,  699 
Paronychia,  391 
Penicillium,  983 

in  cheese,  1043 
Perez  baoillns  of  Ozsena,  726 
Peripneumonia  of  cattle,  10 
Perlsucht,  tuberculosis  of  cattle,  612 
Peroxide  of  hydrogen,  as  a  disinfectant, 

93,  104 
Pertussis  bacillus,  504-508 
antibody  production,  508 


Pertussis  bacilltts,  coltivation  of,  606 

epidemiology,  504,  505 

morphology  of,  506 

pathogenicity,  507 

staining  of,  506 
Petroff's  method  of  isolating  tubercle 

bacilli  from  sputiun,  691 
Petruschky's  scheme  of  the  higher  bac- 
teria, 962 
Pfciffcr  bacillus,  482.    See  Influeuaa. 
Pfeiflcr  phenomenon,  251 
Ph,  meaning  of,  138 
Phagocytic  index,  in  opsonic  tests,  341 
Phagocytosis,  330-336 

ehemotaxis,  332 

''fixed"  cells,  331 

of  dead  and  living  matter,  332 

theoretical  considerations,  334,  335 
Metchnikoff^s  work,  330,  334 

variations  in  phagocytic  response,  333 

variations   of   susceptibility   of    bac- 
teria to,  333 

'* wandering"  cells,  331 
macrophages,  331 
microphages,  331 
Phenol  production  by  bacteria,  200 

method  of  testing  for,  200 
Phenol  red  indicator  in  hydrogen  ion 

determination,  141 
Phenol-sulphon-phthalein,  141 
Phenolphthalein    method    of    titrating 

media,  136 
Pharynx,  normal  bacterial  flora,  217 
Phragmidiothrix,  genus,  42 
Phycomycetes,*    group    of    pathogenic 

fungi,  978 
Physical  properties  of  bacteria,  26 
Pigment  formation,  by  bacteria,  66 

condition  necessary  for,  67 

red  pigment  of  thiobactbria,  68 
PiroplaamidcQ  (Faunea),  1131 

clinical  observations,  1133 

morphology,  1132 

transmission  by  ticks,  1133 

life  history  of  the  tick,  1133-1136 
Pityriasis  versicolor,  1008 
Plague  bacillus,  807-825 

animal  pathogenicity,  815 
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PJa^e   bAeUlot,    aDtopsy   findings    in 
raU,  822, 
bacteriological  diagnosis^  820 
biological  eonaiderations,  810 
eultivation,  809 ' 
on  salt  agar  to  obtain  involution 
fonna,  810 
diaeaae,  caused  by,  in  man,  813 
incubation  period,  813 
pneumonic  form,  814 
transmiaaion  by  flea  bite  or  inhala- 
tion, 813 
epidemiology,  814 

pneumonic   form,   tranamiBsion   of, 

819 
prevalence  of,  815 
rats  in  the  tranamiMion  of,  816 
due  to  flea,  817 
immunisation,  812 
isolation,  809 
morphology,  808 
prevention  of,  820 

circumvention  of  a  focus,  823 
rat  destruction  in,  820 
rat  proofing  in,  823 
staining,  808 
toxin  formation,  812 
vaccination,  824-826 
Haffklne's  virus,  825 
Plague-like  disease  of  rodents,  826 
Planococcus,  genus,  41 
Planocarcina,  genus,  41 
Plasmodia,  finer  structure  of,  1112 
Plasmodium  falciparum,  1111,  1106 
Plasmodium  malarin,  1110,  1106 
Plasmodium  vivax,  1106,  1107-1110 

minuta,  1131 
Plasmolysis,  12,  25 
Plaamoptysis,  26 
Pleuropneumonia  of  rabbits,  bacillus  of, 

503 
Plotz  bacillus,  association  with  typhus 

fever,  941,  942,  944 
Pneumonobacillus,    720.      Sec    nho    B. 

mucosus   oapsulatus 
Pneumococcus,  438-481 

antibody  formation,  466,  467 


Pneomocoecns,  as  the  cause  of  primary 
meningitis,  514 

bile  test  for  identification,  453' 

blood  cultures  for,  464 

eapaule  formation,  440,  441 

complications    following    pneumonia, 
465 

cultivation  of,  442-446 

deaeription  of  on  blood  agar,  445 
on  inulin  serum  wat^,  445 

epidemiology  of,  472-480 

primary  pneumonias,  473-478 
autoinfection,  discuaaion  of,  474, 

475 
prevention  of,  477 
susceptibility  factor  in,  475,  476 
secondary  pneumonias,  478 
prevention  of,  479 

etiological  factor  in  lobar  pneumonia, 
434 

hemolysin  production  by,  445 

inulin  fermentation  by,  445,  453 

immunity,  466 

immunization,  active,  480 

immunization,  passive,  467 
senmi  production,  468 
serum  treatment,  470-472 
standardization  of  serum,  467,  470 

in  the  normal  mouth,  218 

in  the  normal  nose,  221 

morphology  of,  440-442 

mucoaus  Type  II   (streptococcus  mu- 
cosus), 448 

pathogenicity  of,  455 

intratracheal   method    of   injecting 
rabbits,  457,  459 

protection  tests,  469,  470 

resistance  to  disinfectants,  450 

staining  of,  442 
in  tissues,  442 
capsules,  442 

serum  treatment,  470-472 

thermal  death  point,  450 

t\*pes  of,  446-448 

subgroups  of  t\*pe  11,  447,  448 
incidence  in  lobar  pneumonia,  463 
incidence  in  normal  persons,  459 

tT|>ing  from  sputum,  460 
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PnenmoeocciM,    typing    from    apatum, 
mouse  injection,  461 
agglntination  of  peritoneal  cxu- 

dnte,  462 
precipitins  in  peritoneal  exudate, 

463 
bj  protection  experiments,  463 
Avery'method,  462 
urine,  precipitins  in,  method  of  deter- 
mining, 463 
viability  of,  449 
virulence  of,  455 
method  of  increasing,  456 
Poisons,  bacterial,  234-239 
endotoxins,  235 
mode  of  action  of,  238 
toxins,  definition  of,  234 
*'x''  substances,  237 
Polar  bodies,  11 

Poliomyelitis,  acute  anterior,  912-918 
clinical  picture,  913 
epidemiology,  917 
carrier  state,  918 
fly  transmission  discussed,  918 
etiology,  914,  915 

globoid  bodies  in,  915,  916 
filtrability  of  virus,  915 
immunity,  916,  917 
spinal  fluid  in,  913 
transmission  to  monkeys,  914 
transmission  to  rabbits,  916 
Polymastigna  (order  of  protozoa),  1073 
Pompholyx,  1007 
Phosphorescence,  produced  by  bacteria, 

66 
Potassium    permanganate,    disinfectant 

action,  94 
Pour  plates,  technique  of,  175 
Precipitation,  289 
precipitins,  290 

absence  of  in  normal  sera,  292 
discovery  of,  252 
specificity  of,  290 
tests,  304 
preparation  of  bacterial  filtrates 
and  protein  solutions  for,  30C 
theoretical  considerations,  292 


Precipitation,  precipitina,  prodnetiom  of 

precipitating  sera,  304,  305 
Pressure,  effect  of,  on  bacteria,  39 
Protein  cleavage  by  bacteria,  46 
Proteins,   as   antigens,  254.     8e«  aUo 
Antigen  of  the  bacterial  cells,  22, 
23,  25 

racemized,  not  antigenic,  357 
Proteolytic  enzymes,  48 

method  of  testing  for,  49 
Proteosoma  praecox,  1101 
Proteus  group  of  bacilli,  640 

agglutination  in   typhus  serum,  642, 
945 

occurrence  of  in  the  normal  mouth, 
219 

pathogenicity,  641 
Protomonadina,  1075 

Cercomonadide,  1075 
Protozoa,  pathogenic,  1048 

classification,  1048 

technique  of  blood  examination  for, 
1140,  1143 
Pseudomones,  genus,  42 
Pseudodiphthcria  bacillus,  582 
Pseudo influenza  bacillus,  501 
Pseudo-membranes  in  diphtheria,  667 
Pseudo-tuberculosis  in  guinea  pigs  duo 

to  6.  pestis  carviie,  692 
Ptomaines,  50 

chemical  constitution  of,  51 

discovery  of,  234 
Public  health  management  of  venereal 

diseases,  556 
Purpura  hemorrhagica,  clinical  differen- 
tiation from  typhus  fever,  935 
Pus,  examination  of,  207 
Putrefaction,  as  a  source  of  energy,  30 

definition  of,  50 
Putrescine,  51 
Pyemia,  defined,  233 
Pyocyanin,    pigment    produced    by    B. 

pyomaneus,  804 
Pyocyanolysin,  806 
Pyrogallic  acid  in  anaerobic  cultivation, 

183 
Pyorrhea,  1066 

amoeba  in,  1060 
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Quartan  fever,  1106 
clinical  description,  1115-1117 

Quarter-evil,  769.     See  olio  Symptom- 
atic anthrax 

Babbit  inoculation  fbr  isolation  of  anae- 
robes from  feces,  211 
method  of  obtaining  leucocytes  from, 
345 
Babies,  900-009 

filtrability  of  virus,  905 
incubation  period  in,  900,  901 
Negri  bodies,  cultivation  of  by  No- 
guchi,  905,  906 
diagnosis  by,  902 
significance  of,  904,  905 
staining  of,  902-904 
specific  therapy,  906-909 
dosage  of,  908,  909 
preparation  of  the  cord,  907,  908 
"street"  virus,  901 
symptoms  in  animals,  901 
symptoms  in  man,  901 
"virus  fixe,"  901 
attenuation  of,  906 
Bage,  900.     See  also  Babies 
Bat-bite  fever,  873 
Batin,  692 

Bat  leprosy,  625,  526 
Bauscbbrand,  768.    See  also  Symptom- 

matic  anthrax 
Beducing  powers  of  bacteria,  200 

method  of  testing  for,  200 
Befractivc  index  of  bacteria,  26 
Belapsing  fever,  861 
cultivation     of     Ooermeier  's     spiro- 
chete, 862 
immunity,  867 
morphology,  861 
pathogenicity,  864 
staining,  861 
transmission  of,  866 
types  of,  865 
Reproduction  of  bacteria,  19 

rate  of  growth,  19 
"Resistance"  defined,  240 

variations  in,  24.1 
Respiration  of  bacteria,  29 


BhenmatiBm,  gonorrheal,  553 

BtreptoeoocuB  viridans  in,  422,  423 
Bhinoseleroma,  badUus  of,  724 

pathogenicity  of,  725 
Bhizopoda,  1050 
Bhusiopathis,  bacillus  of,  503 
Bickettsia  bodies,  957-960 
description  of  the  group,  958 
classification  of,  959 
B.  Prowazdci,  description  of,  960 
Dermacentroxenns  richettsi,  960 
staining  of,  958 
inheritance  of,  959 
in  typhus  fever,  942,  943,  944 
in  Bocky  Mountain  spotted  fever,  953 
in  trench  fever,  949 
Bideal- Walker  method  of  testing  disin- 
fectants, 98 
Ringworm  or  tinea, 
eczema  marginatum  and   pompholyx, 

1007 
epidermophyton  inguinale,  trichophy- 
ton cruris,  1007 
mierosporon,  1003 
cultures,  1004 
morphology,  1004,  1005 
other  members  of  this  group,  1005 
trichophyton,  1005 
classification,  1006 
Bingworm  group,  995-1000 
cultivation  of,  1000 
conservation  medium  (Sabouraud), 

1000 
test  medium  (Sabouraud),  1000 
cultural  characteristics,  996,  997 
immunity,  999 

methods  of  examination,  999 
morphology,  997 
pathogenicity,  998 
pleomorphism,  998 
Rocky  Mountain  spotted  fever,  950 
clinical   description,  950 
incubation  period  in,  950 
epidemiology,  951 

transmission   by  Dermacentor  ven- 

istus,  950 
transmission  to  guinea  pigs,  951 
transmission  to  rabbit,  951,  952 
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Viv\-Jv>  NLouncuiu  spotted  fevw>  epiUeau- 
i.Ovi;\ ,  UHnHmiflMiou  to  moukev*,  D:25 

Kvoi  vuU'icU'H  iu  the  K^gumiiHiHei^  81 

%ivtKa  KAi  u  V  lUiHliuiu  fur  memb9ra  of 

},hK->  nu|£w^>rui  |erou|k,  1000 
$iHcchHV\km,vctv  iklbu^aun.  t>89 
8uevh«riuin^-i>ti  homiuiti,  085 
MucvhAU4ik>-vH't4*«i  or  .vtMuttn,  980 
HHv'kw  iloorgt  T<»Ni*tion  for  njpbilia,  328 
8tt\t)i  iu  tho  nutrttiuQ  of  bacteria,  31 
»tH)>ro|ih,vt4«  aotliUHl,  33,  S31 
8u|muipira,  H47 
HHroina,  Kf>nui,  41 

iu  the  nortiml  noiio»  221 
Harcotlina  (Rhisopoda),  1050 
HaroopliyHomattm  Imvis,   768.     See  dleo 

Hymptonintic  anthrax 
HnrcMporlilia,  1135 
Hcarlatina,   020-030.     See  alao  Scarlet 

fover 
Scarlet  fovw,  926-030 

dipbtberoidH  as  tbo  oausative  agent, 
927 

streptococci  as  the  causative  agent, 
925,  927,  298 

epidemiology  of,  92H 

transmission  by  nasal  and  pharyn* 

geal  mucous,  928 
period  of  infectiousness,  929 
"return"  cases,  929 
incubation  period,  929 
Schick  reaction,  577 
Schizomycctes,  definition  of,  41 
Schweineseuche,  829 
Sepsine,  52 

Septicemia,  definition  of,  233 
Serum,  methods  of  obtaining  from  man, 
301,  205 

from  rabbits,  301 

from  largo  animals,  302 
Serum  sickness,  366,  367 
Shiga  *8  bacillus  in  bacillary  dysentery, 

700,  704,  707 
Side  chain  theory,  Ehrlich,  216-268 
Sitotoxismus,  51 
Size  of  bacteria,  9 


Skin  reactions,  368 
delayed,  368 
for    determining    hyperBcntitJTone— , 

369 
inunediate,  368 
Sleeping  sickness,  African,  1086 
Sleeping    sickness.      See    Encephalitia 

lethargica 
Smallpox,  890-899 
etiology,  892-893 
relation  to  eowpox,  894 
vaccination,  898-899 
vaccine  production,  894 
calf  inoculation,  896 
collection  and  sterilization  of  the 

pulp,  897 
human -calf -rabbit  seed  virus,  896 
method  of  testing,  897-898 
*  *  retro-vaccination,  * '  896 
"seed  virus,"  896 
Smegma  bacillus,  618 
identification  of,  619 
morphology  of,  618 
occurrence  of,  618 
Smith  fermentation  tube,  196 
Soil,  bacteria  in,  1012 
numerical  estimation  of,  1015 
pathogenic  bacteria  in,  1013 
persistence  of  after  the  burial  of 
infected  cadavers,  1014 
Specific  gravity  of  bacteria,  26 
Specimens    from    patients,    methods   of 

obtaining,  206,  207 
Spinal  fluid,  examination  of,  208-210 
in  acute  meningitis,  209,  528,  529 
in  poliomyelitis,  209 
in  syphilis,  209 
in  tuberculosis,  209 
Spiral  organisms,  classification  of,  847 
Spirillacce,  definition  of,  42 
Spirillum,  description  of,  9 

genus,  42 
Spirillum   cholersQ   asiatice,   831.     See 
also  Cholera 
ft.  Deneke,  845 
S.  Finkler-Prior,  845 
S.  Massaua,  844 
S.  Metchuikovi,  844 
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Spirillum  Milleri  in  the  noimal  mooth, 

219 
Spirochffita  anserina,  872 
SpirochflBta  calligymift,  873 
Spirochsta  Duttoni,  866 
Spirocheta  gallinarum,  871 
Spiroehste,  genua,  42 

anaSrobie  tissues  tubes  for  cultiYation 
of,  167 
Spirocluete  leterohaemorrhague,  885-888 

causative  agent  of  Weil 's  disease,  886 

cultivation  of,  886-887 
Spirocluete  macrodentium,  873 

microdentiiun,  873 
Spirocluete  of  Obenneier,  861 
Spirocheta  pallida,  849-861 

animal  pathogenicity,  857 

cultivation  of,  856-857 

demonstration  of,  S52-8S5 

Wassermann  reaction  with,  866 
SpiroeluBta  pertenne,  870 
Spirochnta  phagedenis,  872 
Spirocheta  refringens,  846,  849 
Spirochietes,  diseases  caused  by,  846 

Rat-bite  fever,  873 

relapsing  fever,  861 

syphilis,  849 

Vincent's  angina,  867 

Taws,  867 
Spironema,  848 

Vincenti  in  the  normal  mouth,  219 
Spontaneous  generation,  4,  5,  6 
Spores,  16 

conditions    necessary    for    formation. 
16 

destruction  of  by  boiling,  83 

destruction  of  by  fractional  sterilita- 
tion,  84 

destruction  of  by  steam  under  pres- 
sure, 85 

discovery  of,  6 

germination  of,  18 

loss  of  ability  to  form  spores,  37 

position  of,  17 

resistance  to  temperature  changes,  .'1(1 

not  related  to  arthrosporoa,  12,  16 

special  stain  for,  116 
Sporothroichosis,  992 


Spircooma,  geniu^  42 
Sporotriehum  (sporothrix),  993 

minutissimum,  1009 
Spine,  991 

Sputum,  examination  of,  215 
collection  of,  215 
for  pneumococcus  typing,  215 
for  tuberculosis  examination,  215 
Sputum,  Petroff's  method  of  isolating 
tubercle  bacilli  from,  591 
methods  of  concentrating  tubercle  ba- 
cilli in,  589 
antiformin,  589 
Staining  of  bacteria,  113 
acid-fast,  124 
Baumgarten 's,  125 
Ehrlich's,  124 
Gabbet's,  124 
Hermann's,  126 
Pappcnheim 's,  125 
Ziehl-Neilson,  124 
capsule  stains,  116 
Buerger,  117 
Hiss,  116 
Huntoon,  116 
Wadsworth's  for   smear  and  seir 

tion,  118 
Welchi,  116 
differential   stains.   Gram's   method, 
121 
classification  by,  123 
discussion  of  chemical  basis  for, 

120 
Jensen's  modification,  122 
Paltauf's  modification,    121 
Stefling's  modification,  122 
discussion  of  chemical  principles  un- 
derlying,   114 
flagella  stains,  118 
van  Ermengen's,  119 
Loeffier's,  119 

Smith's   modification    of  Pitfield's 
method,  119 
in  tissues,   139 
Oram-Weigert,  130 
IxK'ffler's,  129 

Mallory's  eosin  methylene  blue,  131 
method  for  staining  acitomyces,  132 
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Staining  of  baeteria,  in  tissues,  Pappen- 

heimer's  method  for  staining  Gram 

positive  bacteria,  131 
polychrome  stains,  127 

Giemsa,  127 

Jenner,  127 

Wood's,  128 
Wright  'b  modification  of  Loishman  's, 

127 
special  stains  for  polar  bodies,  126 

carbol  thionin,  126 

Neisser,  126 

loluidiii  blue.  115,  126 
spore  stains,  116 

Abbott's,  116 

Moeller's,  116 
stains  in  common  use,  115 

carbol-fuchsin,  115 

Loeffler's  alkaline  methjlene  blue, 
115 

PappcDheim-Saathof  methjl  green, 
115 

toluidin  blue,  115 
Staphylococcus  epidermidis  albus,  397 
Staphylococcus  pyogenes  olbus,  397 
Staphylococcus   pyogenes   aureus,   384- 

397 
agglutinins  in  immune  serum,  396 
cultural  characteristics,  385 
inmiunization  against,  396 

active,  396 

passive,  397 
in  the  mouth,  217 
in  the  nose,  221 
morphology,  384 
pathogenicity,  390  • 

in  animals,  390 

in  man,  391,  392 

impetigo  contagiosum,  392 

osteomyelitis,  392 

paronychia,  391 
pigmient  formation,  388 
resistance  of,  388 
staining,  384 
thermal  death  point,  388 
toxic  products,  393 

hemolysina,  393 
thermolability  of,  394 


Staphylococcus  pyogenes  aurens,  toodA 
products,  leucooidin,  392 
thermolability  of,  395 
differentiation   from   Seaeotoadn, 
395 
virulence  of,  389 
Staphlycococcus  pyogenous  citrous,  307 
Sterigmocystis,  983 

Stomxys,  flies  in  poliomyelitis  transmis- 
sion, 918 
Strangles,  415 
Strauss  test  for  diagnosis  of  glanders, 

791 
Streak  plate,  technique  of,  178 
Streptothrix,  962.     See  aUo  NocardiSy 
964,  and  Actinomyces,  965 
genus,  42 

in  the  normal  mouth,  220 
of  Israeli,  965 
of  Bosenbach,  965 
Steam,  in  the  destruction  of  bacteria,  80 
live,  83 
saturated,  82 
'* superheated,"  82 
under  pressure,  85 
Stegomyia  fasciata  or  calopas,  877,  884 

habits  of,  883-884 
Sterling's  modification  of  Gram's  stain, 

122 
Sterilization,  fractional,  84 
practical  methods,  82 
*' Arnold"  sterilizer,  83 
autoclave,  85 
boiling,  83 
burning,  82 
hot  air,  82 
Streptococcus  erysipolatis,  416 

genus,  41 
Streptococcus  hemolyticus  (Beta  type), 
408.     See  also  Streptococcus  pyo- 
genes below 
as  secondary   invaders   iu   small   pox 

and  diphtheria 
grouping  by  agglutination,  412,  413 
hemolysin   production  by,  426 

thermolability  of,  427 
hemogcneity  of  group  as  determined 
by  cuniplenicnt  fixation,  411,  412 
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Streptocoeeus  hdmolTtieuB,  in  broneho-  < 

pneumonia  following  influenza,  419 
in  bronchopneumonia  following  mea- 
sles, 419 
in  epidemic  sore  throat,  421 
in  puerperal  sepsis,  417 
in  scarlet  fever,  419 
interference  of  with  suture  of  wounds, 

766 
septicemia  caused  bj,  418 
tonsilitis  caused  by,  418 
toxic  substances  produced  by,  425 
Streptococcus    mucosus    (pneumococcus 
mucosus,  Type  HI),  403,  see  also  448 
Streptococcus    pyogenes    (streptococcus 

hemolyticus  and  viridans),  401-445 
agglutinin  production  by,  433 

technique    of    agglutination    with 
spontaneously     agglutinating 
strains,  433,  434 
antibody  production,  429,  430 
antistreptococcic  sera,  430,  434 

standardization    of    by    protection 
experiments,  431 
capsule  formation  by,  403 
classification,  407 

by  fermentation  reactions,  409,  410 

T\-pe  Alpha,  408 

Typo  Beta,  408 

Type  Gamma,  408 
cnltivation,  404,  405 
differentiation    from    pneumococcus, 

450 
in  the  mouth,  217 
in  the  nose,  221 
leucocidin  production  by,  429 
morphology,  402 
pathogenicity,  413 

nature  of  lesions  in  animals,  414 

nature  of  lesions  in  man,  415-423 
preservation  of,  407 
resistance  of,  406 

to  chemicals,  407 
staining,  402,  403 
thermal  death  point.  406 
variations  in  size,  403 
virulence  of,  413,  414 


Streptocoecus   viridans    (Alpha   type), 
408,  409.     See  also  Streptococcus 
pyogenes 
heterogenity  of  gronp,  411,  412 
in  endocarditis,  422,  423 
relation  to  chorea,  423 
relation  to  rheumatic  fever,  422,  423 
relation  to  poliomyelitis,  423 
tissue  specificity  of,  424 
Strong  bacillus  in  bacillary  dysentary, 

704,  707 
Substances  of  nnnkown  composition  in 

bacterial  nutrition,  32 
Sulphur  dioxide  as  a  fumigating  agent, 

106 
Sulphur  bacteria,  67 
Surra,  1080 

Symbiosis  of  bacteria,  35 
Symptomatic  anthrax,  bacillus  of,  758- 
772 
cultivation,  770 
differentiation  from  vibrion  septique, 

759 
immunity,  771 
morphology,  769 
pathogenicity,  770 
staining,  769 
toxins,  771 
vaccines,  772 
Syphilis,  849-861 
spirochseta  pallida  in,  850 
animal  pathogenicity,  857 
cultivation  of,  856,  857 
demonstration  of,  852,  855 
dark  field,  853 
in  smear,  853-855 
immunization  with,  859 
Wassermann  reaction  with,  666 


TarbardillO,  934,  937 
Temperature,   relation   of,   to   bacteria, 
36-39 
adaptation  to,  37 
oflTtHit  of  changos  in,  37 
effect   of   low   temperatures   on   bac- 
teria. 39 
resistance  of  spores,  38 
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Tempentttre>  relatMm  of,  to  bAetena^ 
ttemial    Uefttli    point    of    noa-qmre 
bearers,  38 
Terchloricle  of  ukUn,  9^3 
TertUn  fever,  110« 

clinical  description,  1115-1117 
Tetanus,  bacillus  of,  72i-7-IO 
antitoidn,  736-740 
ioununisation  of  horses,  274,  275 
prophylactic  use  of,  736 
standardisation  of,  276 

L-f.  doae  of  toxin,  276 
therapeutic  use  of,  738 
administration  of,  740 
biological  considerations,  729 
distribution,  728 
morphology  of,  727 
pathogenicity  of,  734 
acute  form  of,  735 
"chronic"  form  of,  735 
incubation  period  after  infection, 

735 
symptoms  in  man,  735,  736 
at^-pical  cases,  726 
spores,  latency  of,  735 

resistance  of,  736 
staining  of,  727 
tetanolysin,  734 
toxin,  731 
action  of,  723 
incubation  period  with,  733 
I^  dose,  276 

medium  for  the  production  of,  731 
M.  L.  D.  for  guinea  pigs,  275 
M.  L.  D.  for  mice,  274,  732 
precipitation  of,  731,  732 
thermolability  of,  732 
destmction  of  by  eosin,  732 
types  of,  737 
relation  to  toxin  production,  738 
Tetramitis  mesnili,  1074 
Theileria  parra,  1131 
Thermoregulators,  193 
Thiothrix,  genus,  42 
Thread  reaction  of  Pfaundler,  283 
Throat,  smoars  and  examinations,  216 
for  diphtheria,  216 
for  Vincent's  angina,  216 


Thmah,  989 
Timothy  faaeiUns,  617 
Tinea  or  ringworm,  1003-1008 
Tinea  verricolor,  1009 
Tissue  in  enltnre  media,  xedneing  ac- 
tion of,  189 
Tissues,  latency  of  bacteria  in,  222,  223 
Tissue  specificity,  discussion  o^  424 
Titration,  136 
colorimetric  method,  138 
actual  steps  in,  142 
"buffer,"  definition  of,  138 
indicators  for  various  ranges  of  Ph, 

141 
preparation  of  color  standards 
Ph,  meaning  of,  138,  139 
comparator,  for  reading,  142 
pfaenolphthalein,  old  method,  136 
Toluidin  blue  stain  for  polar  bodies,  115 
Tonsilitis,  streptococcoa  in,  418 
Toxin  antitoxin  reaction,  nature  of,  255- 
268 
analogy  to  colloidal  reactions,  265 
Arrheinus  and  Madsen,  theories  con- 
cerning, 264,  265 
Ehrlich  's  analysis  of,  257-263 
side  chain  theory,  266-268 
Toxin,  definition  of,  234      • 
Toxin,  diphtheria,  571-674 

antitoxin  reaction,  theoretical  consid- 
erations, 255-268 
chemical  and  physical  propertiesof ,  573 
Khrlich'a  analysis  of,  257-263 
deterioration  of,  258 
epetoxoid    or    toxin,    definition    of, 

261 
L+  dose,  260 
L,  dose,  259 
standardization,  258 
toxoid,  259 
unit  of,  257 
method  of  production,  571 
thermolability.  572 
Toxin,  tetanus,  731-733 
action  of,  733 
incubation  period  with.  733 
L+  doses,  276 
medium  for  the  p.jduction  of,  731 
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Toxin,  tetanus,  M.  L.  D.  for  guinea 
pigs,  274,  732 
M.  L.  D.  for  mice,  274 
precipitation  of,  731,  732 
thermolability  of,  732 

destruction  of  bj  eosin,  732 
Trachoma,   influenza  bacillus  in,   500, 

501 
Transferring    cultures,     technique     of, 

173 
Trench  fever,  946-950 
clinical  description,  947 
transmission  and  etiology,  947-950 
incubation  period  of  louse  trans- 
mitted cases,  948 
louse  transmission,  948,  949 
Bickettsia  bodies  in,  949 
virus  contained  in  the  blood  and 
urine,  948 
Treponema,  848 
Treponema  macrodentium,   849 

occurrence  of  in  dirtj  mouths,  219 
Treponema  pallidum,  851-861.    See  alto 
Spirochteta  pallida 
as  an  antigen  for  the  Wassermann 
test,  317,  860 
Trichomonas,  1073 
vaginalis,  1073 
intestinalis,  1073 
Trichomycetes,  definition  of,  961 

classification  of,  962 
Trichophyton,  1005 
Trichophyton  cruris,  1007 
Tricresol,  95 
Trillat  autoclave  for  the  generation  of 

formaldehyde,  107 
Triphenylmethane  dyes  as  disinfectants, 

97 
Trypanosoma  brucei,  1081 
cultivation  of,  1083 
morphology  of,  1081 
Nagana  caused  by,  1081 
transmission  of,  1082 
Trypanosoma  cruzi,   1001 
Trypanosoma  equiperdum,  1084 
complement    fixation    for    diagnosis, 
108S 


Trypanosoma  evansi,  1080 
infection  in  horses,  mules,  etc.,  1080 
transmission  of,  108U 
Trypanosoma  gambiense  (sleeping  sick- 
ness), 1086 
clinical  signs,  1088 
etiology,  1088 

transmission  by  insects,  1088 
morphology,  1089 
pathogenicity,  1089 
Trypanosoma  hippicum,  1083 
morphology,  1083 
pathology,  1083 
Trypanosoma  lewisi,  1079 
insect  hosts  of,  1080 
morphology  of,  1079 
multiplication  in  rats,  1080 
Trypanosoma  rhodosiense,  1090 
diagnosis,  1090 
prophylaxis,  1091 
treatment,  1091 
Trypanosoma  rotator ium,  1078 
Trypanosoma  valenti,  1076 
Trypanosomidffi,  1076 
Tubercle  bacillus  (avian),  614 
Tubercle  bacillus    (bovine  type),  612- 
614 
differentiation  of  from  human  type, 
514 
Tubercle  bacillus   (human  type),  586- 
612 
bacilli  closely  related  to,  612 
bacillus  of  bovine  tuberculosis,  612- 
614 
cultural  differentiation  from  hu- 
man tjpOf  613 
dilferentiation  by  virui6nce>  613 
summary  'of  difFerentiation   be- 
tween bovine  and  huiyuui  type, 
614 
bacillus  of  avian  tuberenloai^  614 
bacillus  jof   toberculo^  ia  ^^fAr 
blooded  animals,  615  /^i 

immunization  withy.616 
bacillus,  timothy;  W  ■  'i\^ 

bacillus   butyriens    C^aliUv  ^ 
lus),  617  .1 

biologieal  consideTiiU«ii%  9#9    • 
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Tsb^ek  bKiCoi   .»■»  -;??•  .  cacn 

CKlunAiaa  «£.  £»>^ftl 
Hmk's  me:C-z3L  £oc,  Sfift 

freqnener  ci,  £&7 

iamnaiiasioA.  f^sKrt,  611  I 

3Ian£liaA>  i  lercm.  413 

MAHBorek's  mas,  412 
isolation  of.  ddu 

from  fe«»y  2U 

Petroff  *t  method  for,  fnn  spotisa:. 
591 
milk  in  the  tranamlwon  of,  595  1 

BiorpbologT  of,  5a6  | 

pathogenicitT,  59S-597 

for  ioif»u  ^homaB  tTpc).  597 

for    r**'*"*K    humnn    and    faorxne 
tTpe  compared,  613,  614  i 

lesions  produced  bv,  595,  596 

manner  of  inraffion,  594,  595 

oMurrence  of  in  bk>od,  596 

tubenkn,  deseription  of,  593 
pi^rentioa  of,  602,  603 
sputum,  method  of  eoncentrating  tu 

bervie  baeilli  in,  5S9 
staining.  5S7-589 

antifonnin    for    eoneentntmg   tu-  ( 
bervle  bacilli  in  spntam,  589 

Gabbett  's  method,  588,  134 

Herman's  method,  588,  126 

in  flections,  133 

Much*s  method  for  Modi's  gran- 
ules, 588 
Weiss'  modification  of,  589 

Pappenheim*8  stain  for  differentia- 
tion from  nnegma  bacillus,  589, 
125 
susceptibiiitj  to  bovine  and  human 

trpes,  600 
thermal  death  point,  593 
toxins  produced   b}r,   604. 

Tuberculins 
transmission,  597 

by  butter,  1042,  1044 

by  dust,  601 

by  milk,  598 


See  also 


i-a^fMCie  wt  ttC.  •K7 

6^:7 
ir.!>*  r:az«i>^  «?7 

=.!».  <5.:5 

r^MTioa  to,  by  lepers.  635 

tl»rap<^;<  cs«  of.  61«> 
Tubercle  bacilli   is.  cold-blooded  aai- 

mal*.  615 
immuz:iza*.vo  T.th,  616 
Tuberculins,  iiagcoetic  s^e  of.  007 
for  testing  cattle.  1037 
preparation  of,  6'>4-6'l<6 
therapeutic  use  of,  610 
Typhoid   bacillus  of,  643-6S5 
antibo<lie8  produced  by,  659 
agglutinins,  662 

Widal  reaction,  663-667,  2S2,  302 
i»ryers  met  hod,  666 
method  of  obtaining  patient's 

serum.  665 
scrum  dilutions  used,  663 
bactericidal  and  bacteriolytic,  661 
opsonins,  667 
precipitins,  667 
biological  considerations,  648 
blood  cultures  for,  214,  651 
carriers,  660-675 
chronic,  670-675 

gall-bladder  carriers,  671 
"healthy"  carriers,  673 
intestinal  carriers,  672 
liver  duct  airriors,  671 
urinary  carriers*,  672 
pathological  lenions  caused  by  car- 
rier state,  G74 
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TyphMd,  baeiUtts  of,  carriere,  stool  ex- 
aminations for  the  detection  of, 
653 
temporary  carriers,  670 
treatment  of,  675 
characteristics  of,  648 
cultivation  of,  643-648 
differential  media  for,  647,  158-163 
brilliant    green    agar     (Krum- 

wiede),  161 
brilliant      green      eosin      agar 

(Teague),  162 
Conradi-Drigalski  mediom,  158 
Endows  medium,  159 
discovery  of,  643,  8 
fermentations  of,  646,  648,  chart  of, 
718 
cultural  differences  within  typhoid 
group,  648 
immunity,  active,  659 
after  one  attack,  660 
method  of  immunizing  animals,  659 
vaccination,  680-684 
duration,  684 
lipovacciue,  683 
sensitized  typhoid  vaccine,  683 
isolation  of  from  feces,  663 
morphology  of,  643 
pathogenicity  of,  649-656 
for  animals,  649-650 
method  of  inducing  carrier  state 
in  animals,  650 
suppurative  lesions  due  to  typhoid 

bacillus,  655 
typhoid  fever  in  man,  650-656 
septicemia  in,  650 
media    for    isolating    typhoid 
from  blood,  651 
typhoid  badUi  in  the  rose  spots, 

655 
typhoid  bacilli  in  the  sputum,  655 
typhoid  bacilli  In  the  vtMl,  652 
typhoid    fever    without    Intestinal 
lesions,  656 
poisons  of,  656,  659    ' 
endotoxins,   method   of   <AitKining, 
657  .  ., 

prevention  of,  680 


Typhoid,  bacillus  of,  sanitary  considera- 
tions, 668-680 
transmission  of,  676 
by  contact  infection,  679  - 
by  flies,  679 
by  milk,  678 
by  oysters,  1047 
by  water,  677 
isolation  of  typhoid  from,  1023 
specific  treatment  of  typhoid  fever, 

684 
staining,  643 

thermal  death  point,  648 
Typhi  Murium,  baciUua  of,  691,  688 
Typhus  fever,  934-945 
clinical  description,  935,  936 
differential  diagnosis  from  purpura 
hemorrhagica,  935 
epidemiology,  936 
Serbian  epidemic,  938,  939 
transmission  by  lice,  937,  938 
etiology,  940 
Plotz  bacillus,  discussion  of,  941, 

942,944 
probably    not    joe    to    a    illtrable 

virus,  940 
Rickettsia  bodies  in,  942,  943,  944 
Bickettsia  prowazeki,  944 
immunity  in,  945 
incubation  period,  935 
prevention  of,  944 
transmission  to  guinea  pigs,  940 
transmission  to  monkeys,  939 
Weil-Felix  reaction  in  diagnosis  of, 
945 
Tryamln,  produced  in  bteierial  eoltures, 

237 
Tyrotoxismn^  51 


UBOBA0iLi.tni  UqnetMieH 
Urine,  OTamfaatJon  ^  pIP 
Urticaria,  a7«:      ...   uj 
U.  S.  Pablie  BM» 
tortSag 
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Vaccine  production  (fmall-pox),  894 

calf  inoculation,  896 

collection  and  sterilization  of  pulp, 
897 

human-calf-rabbit  seed  virusy  896 

method  of  testing,  897-898 

"retrovaccination,"  896 

"seed  virus,"  896 
Vaccine  therapj  (Wright),  3i2 
•  autogenous,  342 

dosage    in    staphylococcus    infection, 
344 

method  of  counting,  343 

negatiTe  phase  in,  344 

positive  phase  in,  344 

production  of,  342 
Vaccinia,  or  cowpox,  relation  to  small- 
pox, 894 
Vanillin  test  for  indol,  199 
Variola  or  small  pox,  890-899.  See  Small- 
pox 
Varicella  or  chicken  pox  distinct  from 

smallpox,  894 
Venereal  diseases,  Public  Health  man- 
agement of,  656 
Vibrion  septique,  766 

antitoxin,  758 

discovery  of,  756 

differentiation  from  symptomatic  an- 
thrax, 759 

method  of  identifying,  753 

occurrence  of  in  war  wounds,  756 

pathogenicity  of,  738 

toxin  production,  757 

types  of,  757 
Vincent's  Angina,  867-869 

fusiform  bacilli,  in,  868 

in  throat  smears,  216 

spirilla  in,  868 
Vinegar,  making  of,  57 
Virulence, 

relation  to  capsulation,  14 

loss   of   due   to    cultivation    at   high 
tmnperatures,  39 

definition  of,  232 

problem  of,  348 

Bail's  aggressin  theory,  349 
.   arguments  against,  350 


Virulence,  problem  of.  Bail's  ngrciMin 
theory,  relation  to  anaphylatoxin,  351 
*' Virus   fixe"   in   rabies   therapy,  901 
Vitamines  in  bacterial  nutrition,  33 
Vulvovaginitis  due  to  gonococcuai,  566 


Wadswohth  capsule  stain  for 

and  sections,  118 
Wassermann  test  for  syphilis,  317 
actual  test,  322 
antigen,  317 

alcoholic  extract  of  heart  muMle, 
318 

cholestrinized,  318 

Noguchi's  acetone  insoluble  lipoid, 
318 

spirochieta  pallida,  860 
complement  in,  321 
hemolytic  serum,  319-320 

production  of,  319 

titration  of,  320 

unit  of,  320 
modifications  of,  323 
serum  to  be  tested  for  syphilitie  anti- 
body, 321 
sheep  corpuscles,  321 
Water,  bacteria  in,  1016 
pathogenic  bacteria  in,  1016,  1017 
in  surface  water,  1017 
in  rain  and  snow,  1017 
in  "ground"  water,  1018,  1019 
quantitative  estimation  of,  1019, 1020 

standard  medium  for,  1020 

procedure,  1021 

expression  of  results,  1021 
qualitative  estimation,  1021 

typhoid  isolation  from,  1022 
Weil's  disease,  885-888 

clinical  description,  885-886 
etiology,      spirochseta      icterohaemor- 
rhagiae,  886 

cultivation  of,  886,  887 
prevention,  888 
scrum  treatment,  888 
transmission,  887 
Weil-Felix  reaction,  non  specificity  of, 

942 
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Weil-Felix  reaction,  in  the  diagnosis  of 

typhus  fever,  945,  946 
Welch  bacillus,  751*756.     See  alio  B. 

Welchii 
Welches  ci^>sule  stain,  116 
Welch  and  Nuttall,  method  of  rabbit  in- 
oculation for  the  isolation  of  anaer- 
obes, 211 
West   tube    in   taking   nasopharyngeal 

cultures,  542 
Whooping  cough,  bacillus  of,  504-508 

antibody  production  by,  508 

cultivation  of,  506 

epidemiology,  504,  505 

pathogenicity,  507 

morphology  of,  505 

staining  of,  506 
Widal  reaction,  282 

method  of  performing,  302 
Winckers  disease,  633 
Wolbach's  table  of  disease  caused  by 

filtrable  viruses,  891 
Woolsorter's  disease,  782 
Wolfhugel  counting  plate,  195 
Wohlhynin  fever,  946.    See  aleo  Trench 

fever 
Wood  'a  polychrone  stain,  128 
Wood    ticks    in    the    transmission    of 

Rocky  Mountain  Spotted  fever,  952 
Wounds,  bacteriological  control  of,  763- 
768 

anaerobic  bacilli  found  in,  749-763 

cultural  examination,  766 

serological  treatment,  768 

smear  method,  Carrel,  754 

surgical  considerations,  767 
Wright  ^s  method  of  counting  bacteria, 

195 


Wright's  stain,  127 
Wright's  technique  of  the  opsonic  test, 
339 
vaccino  therapy,  341 

dose   in   staphylococcus   infections, 

344 
method  of  counting  bacteria,  343 
negative  phase,  344 
positive  phase,  344 

"X"    817B8TAM0X8,    bacterial   poisons, 

237 
Xerosis  bacillus,  584 

Yaws,  870 

"Y"  bacillus  in  baeillary  dysentery, 

704,  707 
YeasU,  980 

diseases  caused  by,  984,  985 

in  alcoholic  fermentation,  981 

in  the  normal  nose,  221 

other  yeast-like  parasites,  992 
YeUow  fever,  874-884 

etiology,  879-883 
early  claims,  880 
Noguehi's  work,  881-883 

distribution  of,  874 

immunity  in,  884 

prevention  of,  883 

transmission  of,  874-878 

Ziehl-NrilboK  stain  for  the  tubercle 
bacillus,  124 

Zur  Ncdden's  bacillus,  509 

Z3rmasc,  enzymo  of  alcoholic  fermenta- 
tion, 58,  981 

Zymonema  QUchristi,  985 
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Morris'  Clinical  Laboratory  Diagnosis 

IN  the  present  volume  are  given  all  of  the  various  laboratory  procedures  em- 
ployed in  the  study  of  patients,  together  with  the  data  to  assist  in  their 
interpretation. 

Lists  of  diseases  in  which  an  abnormal  finding  may  occur  have  been  given. 

These  tabulations  were  chosen  after  much  consideration  and  discussion  with 
colleagues  and  other  members  of  the  profession  in  preference  to  more  extended 
presentations,  for  several  reasons,  among  which  may  be  mentioned : — 

(1)  Conservation  of  the  time  of  the  worker  who  may  run  through  a  list  of  diseases,  instead 
of  reading  several  pages,  gaining  both  time  and  information  thereby. 

(2)  A  desire  to  have  the  volume  so  small  aa  to  be  convenient  for  every  day  use,  and: 

(3)  The  hope  that  the  development  may  prove  useful,  both  to  the  student  and  to  the 
teacher. 

No  single  method  of  examining  a  patient  can  lead  to  a  diagnosis.  History 
physical  findings,  and  laboratory  data  constitute  a  triad  which  must  be  worked 
out  separately  but  welded  into  a  unit  before  definite  opinions  can  be  arrived  at. 

This  feature  of  the  work  and  the  insistence  placed  upon  it  will  without  doubt 
tend  to  force  the  recognition  of  the  value  of  this  work,  not  alone  upon  laboratory 
men  but  clinicians  as  well. 

CLINICAL  LABORATORY  DIAGNOSIS.    By  Roger  Sylvester  Morris,  m.d.,  Pro- 
fessor and  Head  of  Department  of  Medicine,  University  of  Cincinnati.    456  Pages,    Cloth. 

$6.00 


FoHn's  Laboratory  Manual  of  Biological 

Chemistry 

THIS  manual  was  originally  prepared  for  the  students  of  Harvard  Medical 
School.  Dr.  Folin's  interest  in  the  development  of  analytical  methods  applicable 
to  metabolism  investigations  is  well  known,  and  in  this  work  are  included  the 
most  serviceable  of  his  older  methods  and  nearly  all  of  the  newer  ones  devised 
in  the  department  he  directs. 
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Keyes'  Urology 


THE  present  edition  embodies  all  of  the  newer  views  of  the  urologist.  The 
author  has  brought  the  work  up  to  the  immediate  present.  Notable  changes 
are  in  the  field  of  Pyelography,  Cystoscopy,  Radiography,  the  diagnosis  and 
treatment  of  Renal  Infections,  Prostatism,  and  many  other  sections  too  nu- 
merous to  mention. 

This  volume  is  unquestionably  the  best  planned  and  the  most  comprehensive 
treatise  presented  by  any  American  publisher  to  the  medical  profession  and 
the  medical  student. 

The  non-operative  treatment  is  given  its  due  prominence,  and  the  user  quickly 
appreciates  that  the  volume  covers  the  field  thoroughly  from  all  viewpoints. 

The  presentation  is  clear  and  the  methods  proposed  are  rational  and  while 
newer  methods  are  discussed,  they  are  discussed  from  the  standpoint  of  the 
cautious  man  who  has  a  thorough  knowledge  of  his  own  specialty. 

UROLOGY.  Diseases  of  the  Urinary  Organs,  Diseases  of  the  Male  Genital  Organs, 
By  Edward  L.  Keyes.  m.d.,  ph.d.,  Professor  of  Urologw  Cornell  University  Medical 
College;  Urologist  to  St,  Vincent's  and  to  Bellevue  Hospitals.  800  Pages,  with 
Plates  and  Illustrations  in  the  Text.    Cloth.  $8.00. 

Kolmer  and  Boerner's 
Laboratory  Diagnostic  Methods 

This  work  is  especially  designed  for  the  student,  whether  under-or-tx)st- 
graduate,  and  intended  to  facilitate  his  work  in  the  laboratory.  In  its  preparation 
the  needs  of  practitioners  also  have  been  kept  in  mind. 

The  work  presents  in  a  concise  manner  the  technique  only  of  laboratory 
tests  in  the  pathological,  bacteriological,  serological  and  blood  chemistry  fields. 

It  does  not  pretend  to  give  the  value  or  interpretation  of  findings,  but.  only 
to  be  a  guide  in  the  carrying  out  of  the  laboratory  technique  in  the  fields  aboie 
mentioned. 

LABORATORY  DIAGNOSTIC  METHODS,  Pathological,  Bacteriological,  Sero- 
logical and  Chemical.  By  John  A.  Kolmer,  Professor  of  Pathohf/y  and  Bacteriology, 
and  Fred  Boerner,  Associate  in  Bacteriology,  both  of  the  Graduate  School  of  ^fcdicine, 
University  of  Pennsylvania.  8  vo.  342  Pages,  one-half  of  them  blank  for  notes. 
Cloth.  U.50. 
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Hiss  and  Zinsser's  Bacteriology 

THIS  volume  is  a  presentation  of  the  fundamental  laws  and  technic  of  Bacteri- 
ology, as  illustrated  by  their  application  to  the  study  of  pathogenic  bacteria. 

It  has  been  the  author's  endeavor  to  present  this  subject  in  as  broad  and  as 
critical  a  manner  as  possible,  compatible  with  the  use  of  the  book  by  the  under- 
graduate student  of  medicine,  also  in  general  practice  and  in  the  laboratory. 

The  scope  and  arrangement  of  the  subjects  treated  are  the  direct  outcome  of 
many  years  of  experience  in  the  instruction  of  students  both  in  under  and  graduate 
courses  in  Bacteriology,  and  it  is  the  hope  of  the  author  that  this  work  will  prove 
of  as  much  value  to  the  practitioner  of  medicine  as  to  the  under-graduate  student. 

The  present  (fifth)  edition  has  entailed  almost  a  complete  re-writtng.  The 
preceding  editions  were  in  each  case  brought  up-to-date  as  published  but  in  the 
present  edition,  many  very  important  changes  and  additions  of  new  material 
have  been  made. 

A  TEXT-BOOK  OF  BACTERIOLOGY.  A  practical  Treatise  for  Students  and  Practi- 
tioners of  Medicine.  Rewritten  from  original  text  of  Hiss  and  Zinsser^  by  Hans  Zinsser, 
1I.D.,  Professor  of  Bacteriology,  College  of  Physicians  and  Surgeons,  Columbia  University; 
Baclerudogist  to  the  Presbyterian  Hospital;  Formerly  Professor  of  Bacteriology  and  Immun- 
ity, Stanford  University,  California;  Major,  Medical O fleers'  Reserve  Corps,  U,  S.A,;  with 
a  Section  on  ike  Pathogenic  Protozoa,  by  Frederick  F.  Russell,  u.d.,  Major,  Medical 
Corps,  U.  S.  A.;  Former  Professor  of  Bacteriology  and  Pathology,  Army  Medical  School 
and  George  Washington  University.  851  Pages.  With  198  Illustrations  in  the  text,  some  of 
which  are  colored.    Fifth  Edition.    Flexible  Cloth.    $7.50 


Jordan's  Histology 


A  TEXT  which  is  unique  in  that  it  excites  and  holds  the  students'  interest  in 
a  subject  in  which  interest  is  essential  but  unusual. 

This  new  edition  of  the  work  has  had  a  very  wide  acceptation  at  the 
hands  of  teachers  and  students  as  well  as  the  profession  at  large  because  the  plan 
and  the  scope  of  the  material  in  it  is  unique  in  the  first  instance  and  broad  in  the 
latter. 

The  italicization  of  essential  material  is  a  feature  of  particular  importance  as 
is  the  section  on  histological  technic. 

Many  drawings  have  been  used  in  place  of  photomicrographs,  where  such  use 
aids  in  the  elucidation  of  the  structures  described. 

The  needs  of  the  under  and  post-graduate  student  of  medicine  have  been  kept 
foremost  in  mind  and  the  author  believes  them  to  be  met  in  a  positive  manner. 

A  TEXT-BOOK  OF  HISTOLOGY.  5y  H.  E.  Jordan,  ph.d..  Professor  of  Histology  and 
Embryology,  University  of  Virginia,  800  Pages  with  594  Hlustratians  in  the  text  and  4 
PhUes,    Flexible  Cloth.    $6.00 
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